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LOW ORGANIC EXTRACT ABLE DEPTH FILTER MEDIA PROCESSED 
WITH: SOLVENT EXTRACTION METHOD 

RELATED APPLICATIONS 

[0001] The present patent application claims the benefit of priority of US provisional, 

patent application no, 61/656,263, filed June 06, 2012 and US provisional patent 

application no. 6:1/664,999, filed June 27,2012, the entire contents of which are 

Incorporated by reference in their entirely. 

DESCRIPTION OF THE INVENTION 

Field of the Invention 

{0002] In general, the present invention relates to lower organic exiraetable media 

used in the primary clarification of cell culture feeds. In certain specific 

embodiments, the invention provides a primary clarification depth filtration process of 

cell-culture feeds and the like, which utilizes a primary clarification depth filtration 

device containing a porous media with significantly lower flushing requirements 

resulting in lower levels of organic extractahles released from the media after 

flushing, as well as having an increased throughput for the pre-treated feed streams, 

without the use of a primary clarification eentrifugation step or primary clari fi cation 

tangential flow mierofrliration step. 

Background of the Invention 

[0003] Manufacturing pharmaceutical-gtade hiomofccules, including proteins such as 

monoclonal antibodies (m Abs), m a complex manufacturing process comprised of 

multiple filtration, centrifugation, and chromatography techniques designed to 
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produce high quality products for patients. The clarification of cell culture harvests 

and high-solids feedstocks can be a daunting task due to the large volumes of harvest 

from modem production batch bioreactors (<25,000 L) and high cell densities that 

often require primary, as well as secondary clarification prior to the subsequent 

chromatography operations. And as such, harvest and clarification schemes for the 

production processes of cell culture harvests and high-solids feedstocks, such as 

mammalian cells and mAbs, are the product of much evolution and evaluation carried 

out over the last 20 years or so. 

[0004] Harvest techniques for mammalian cell culture and mAbs are now routinely 

expected to operate with high yields (>95%) and minimal cell disruption- As product 

molecule titers have increased, the higher cell mass and larger amounts of product 

create challenges for the downstream purification steps. Higher cell densities result in 

difficulties during clarification and sterile filtration. Higher product concentrations 

generally result in increased impurity load and the need for larger chromatography 

installations. As such, improvements in the form of gains in efficiency and throughput 

are greatly sought after, 

[0005] Primary clarification of feeds, feedstreams, feedstocks, eel! culture broths and 

the like, including high solids feeds, such as those containing mAbs and mammalian 

cell culture feedstocks, remove large amounts of hiomass, particularly whole cells and 

other larger cellular debris, fol lowed by secondary clarification which removes 

smaller colloidal, particulates and other particles that impair the capacity of 

downstream filters,. Centrifugaiio.n is typically the primary clarification step in the 

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

[0006] roAb -manufacturers have invested a great deal of time and effort increasing 
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the product titer of a feedstock. However, while higher titers increase cell culture 

productivity, it also produces feedstocks with larger amounts of blomass and cell 

debris content. Feeds containing such larger amounts of bioroass and. cell debris can 

produce high turbidity ecntrates after centrifogation. High turbidity centrates often 

reduce the throughput of the secondary clarification, depth filter and the subsequent, 

sterile filter used downstream of the centrifuge. The reduced throughput causes a 

range of problems from increased process cost to deviations in process procedures due 

to plugging of filters and long processing delays. Finally, the need for primary 

clarification using a centrifuge requires extensive, validated cleaning procedures 

between runs to attempt to reduce the risk of cross contamination between batches 

and therapeutic molecular species, 

[0007] This is particularly problematic at pilot or clinical scale biotiierapeutic 

production where it is desirable to process multiple products in a relatively short time. 

The centrifuge cleaning procedures slow down the pilot plant's ability to change over 

to the production of a different blomoleeule, and greatly increase the risk of cross 

contamination between production runs. In addition, eentxifligation cannot efficiently 

remove all particulates and cellular debris from these feedstocks In the primary 

clarification step, hence the need for the secondary clarification step utilteirig depth 

filtration after the centrif ligation step, but prior to the subsequent chromatographic 

steps. 

[0008] Alternatively, successive filtration runs have proven useful in removing 

differeut-sfeed cell and cellular debris from feedstocks, hut typically the volumetric 

throughputs limit the application to smaller volumes (<UK}0L) where the filter 

installation has a reasonable size. The use of filtration, greatly reduces the risk of cross 
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contamination and eliminates the need for cleaning and cleaning validation between 

runs due the disposable nature of filtration devices. Unfortunately, the low throughput 

requires a large number of filter units which cars, reduce filtration yields because each 

successive step results in the loss of a portion of the feed solution through hold-up 

volumes of the filter device and equipment 

[0009] In order to further enhance clarification performance, throughput and 

downstream, filtration operations, the Hocculation of a cell culture harvests have been 

used, Flocculaots precipitate cells, cell debris and proteins because of the interaction 

between the charges on the proteins and charges on the polymer (e.g. 

polyelectrolvtes), creating insoluble complexes, and subsequent bridging of insoluble 

complexes either by residual charge interaction or through hydrophobic patches on 

the complexes to form larger clusters. In order to remove these large clusters, a 

centrifuging step or tangential flow mierofiitratkm is the primary mode of 

clarification followed by the secondary clarification step whereby depth filtration Is 

widely 'used in the clarification of cell culture broth prior to the capture 

chromatography step. Since centrilugation cannot deliver a particle-free centtate, 

depth filter (secondary depth filtration) and sterile filter need to be installed further 

downstream, 

[0010} Tangential flow mierofiltration (also called cross-flow microiiitration) 

competes with centrifiigation for the harvest and clarification of mAbs and therapeutic 

products from mammalian cell culture. One advantage this technique offers is the 

creation of a particle-free harvest stream that requires minimal additional filtration. 

However, tangential flow mierofiltration membranes used, lor cell culture harvests are 

often plagued with the problem of membrane fouling (i.e., irrecoverable declines In 
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membrane flux), and typically require strict complex operating conditions, followed 

by a thorough cleaning regimen (as is also the case with a centrifuge) for each 

membrane after each use. One way to address the tangential flow ihleroflltratkm 

membrane fouling issue is by using more hydrophilic membranes, which are generally 

considered somewhat less susceptible to significant fowling. 

[001 Ij Depth filter clarification media are extensively used to clarify cell-culture 

feeds and have demonstrated the ability to reduce turbidity arid remove some soluble 

imparities such as DNA, host cell protein, and endotoxin. Depth filter clarification 

media are typically constructed from, materials of a fibrous bed of cellulose, a wet-

strength resin binder and an inorganic filter aid such as diatornaceous earth. The resin 

binder helps to imparl wet tensile strength, provide an adsorptive charge to bind, 

impurities and minimize shedding of materials of composition (i.e., cellulose and 

filter aid). The di&tomaeeous earth provides a high surface area to the filter and 

contributes to the adsorptive properties,. However, two of the components (cellulose 

and resin binder) are known to contribute to organic extractabks, Therefore, these 

depth filters need to be .flushed prior to use to reduce the organic extractables which 

can be expensive and time-consuming. Eased on the above mentioned limitations of 

existing filters, there is a need to develop next generation depth filter media with, 

significantly lower flushing requirements and increased throughput for the pre-treated 

.feed streams., 

SUMMARY OF THE INVENTION 

[0012] In. response to the above needs and problems associated with the primary 

clarification processes of feeds, feed streams, feedstocks, cell culture broths and the 

like, the present invention overcomes the challenges by using a primary clarification 
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depth filtration process which utilizes a primary clarification depth filtration device 

containing a porous media with significantly lower flushing requirements resulting in 

lower levels of organic extraetahies released from the media after flushing, as well as 

having an increased throughput for the pre-treated feed streams. 

[0013] The present invention also encompasses a process for reducing organic 

extractabies released from a primary clarification depth filtration, media such that the 

level of total organic eximetables measured in a feed filtered through the porous 

media after flushing is about I-3 ppm, the process comprising: 

a) providing a depth filtration device having a porous depth filter media; 

b) extracting from the media with organic solvents; and 

e) flushing the media at flow rales ranging from about 10 litresmT/hr to about 

600 lltres/nf/br such that the level of total organic extraetabies measured in a feed 

stock filtered through the media after flushing .is about 1-3 ppm. 

[0014] The present invention also encompasses a primary clarification depth filtration 

process using a primary clarification depth filtration device containing a porous media 

with significantly lower flushing requirements resulting in lower levels of organic 

extraetabies released from the media after flushing; 

a) providing a primary clarification depth filtration device having a 

porous depth filter media; 

h) extracting from the media with organic solvents; 
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c) flushing the media at flow rates ranging from about 10 litres/m'/hr 

to about 600 litres/nf/hr such that the level of total organic extraetables measured in a 

feed stock filtered through the media alter flushing is about 1-3 ppra; and 

d) running a feed stock through the media after Hushing. 

[0015] The present invention also encompasses a process for the primary clarification 

of feeds, feedstreams, feedstocks, ceil culture broths and the like, containing a target 

biomolecule of interest and a plurality of cellular debris and colloidal particulates 

without the use of a primary clarification centrifagation step or a primary clarification 

tangential Sow .niierofiltration step using a primary clarification depth filtration 

containing a porous media with significantly lower flushing requirements resulting in 

lower levels of organic extraetabfes released from the media after flushing, the 

process eompri sing: 

a) providing a primary clarification depth filtration device having a porous 

media with significantly lower flushing requirements resulting in lower levels of 

organic extmctafeles released from the media after flushing; 

h) providing a feed stream containing a target biomolecule of interest and a 

plurality of cellular debris and. particulates, wherein the cellular debris and 

particulates have a particle sixe distribution of about 0.5 M-m to about 200 um; 

c) contacting the porous depth filter media with the feed stream, such that the 

depth filter media is capable of filtering cellular debris and particulates having a 

particle size distribution of about 0.5 fim to about 200 ym at a flow rate of about 10 

litres/nT/hr to about 300 fiters/mVhr such that the level of total organic extractables 



WO 2013/184937 . PCT/US2013/044550 

measured in the fbedstream filtered through the media, after flushing is about I -3 ppra; 

and 

d) separating the target biomolecule of Interest from the cellular debris and 

particulates without the use of a primary clarification confutation step or a primary 

clarification tangential flow mierofiltration step. 

[0016] 1."he present, invention further encompasses a process for the primary 

clarification of a flocculated feed containing a target biomolecule or hi ©therapeutic of 

interest and flocculated cellular debris, .materials, and colloidal particulates using a 

primary clarification depth filtration device without the use of a primary clarification 

centrifugation step or a primary clarification tangential flow mierofiltration step., the 

process comprising; 

a) providing a depth filtration device containing a porous media with 

significantly lower flushing requirements resulting in lower levels of organic 

extractables released from the media after flushing: 
V-.' 

b) providing a chemical floceulant; 

c) providing a feed containing a target biomolecule of interest and. a plurality 

of cellular material debris and colloidal particulates; 

d) combining the chemical flocculant to the feed; 

e) forming chemically flocculated cellular materials, debris and colloidal 

particulates in the feed, and optionally chemically flocculating the target biomolecule 

of interest; 
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f) contacting the porous depth Rlter media with the feed containing the 

chemically flocculated cellular materials, debris and colloidal particulates; and 

g) separating the flocculated blmoleculat species of interest and the piutal.it>' of 

flocculated cellular materia! without the use of a centrifugation clarification step or a 

tangential flow microliltration clarification step, wherein the level of total organic 

extractables measured in a feed filtered through the media after flushing is about 1-3 ppm. 

[0017] The present invention is directed towards a process for reducing organic 

extractables from a primary clarification depth filter using an extraction system 

having a primary clarification depth filtration device containing a lower organic 

extractabie media, 

[0018] The present invention is directed towards primary clarification, without the use 

of a primary clarification centrifugation step or primary clarification tangent ial flow 

mierofiltration step. The depth, filtration devices are able to filter high solids feeds 

containing particles having a particle size distribution of approximately 0.5 pro to 200 

prn at a flow rate of about 10 litres/nr/hr to about 600 liters/of/hr until the IMP 

reaches'20 psl The primary clarification depth filter media taught, herein, include 

graded porous layers of varying pore ratings extracted with, an organic solvent. The 

extraction solvent. HFE-72BH (Novec™ Engineered Fluid HFE-72DB by 3M™ St, 

Pant MN, USA) or one of its possible replacements (HFE-71DE, HCFC- 141b, 

Vertrel MCA. or Vertrei MCA+)» are all. solvents for hydrocarbon and fluoroearbon 

greases and oils, 

BRIEF DESCRIPTION OF HIE DRAWINGS 

9 



WO 2013/184937 PCT/US2013/044550 

[0019] The accompanying drawings, which are incorporated in and. constitute a part 

of this specification, illustrate the presently contemplated embodiments of the 

In vention and, together with the description, serve to explain the principles of the 

invention, 

[0020] Figures J A, IB, 1€, ID, IE and 1 f depict different schematic embodiments of 

examples of primary clarification depth filters according to the invention, wherein 

Figure 1A, !€ and "IE depict primary clarification depth lifters having at least 7 layers 

for use with polymer flocenlant (smart polymer) treated feeds, and Figures 1B, ID 

and IF depict primary clarification depth filters having at least 8 layers for use with 

chemically treated feeds (acid treatment): 

[0021] Figure 2 depicts flushing curves for different embodiments of the primary 

clarification filters with non-extracted media at a working flow rate of 600 liters/nf /lir 

according to the invention; 

[0022] Figure'3 depicts flushing curves for multiple embodiments of the primary 

clarification filters with extracted media at a working flow rate of 600 tiiers/nf/hr 

according to the invention; and. 

[0023] Figure 4 depicts flushing curves for multiple embodiments of the primary 

clarification filters with extracted media at a working flow rate of 100 liters/tnVhr 

according to the invention, 

DESCRIPTION Of THE EMBODIMENTS 

[0024] All publications, patents and patent applications cited herein, whether supra or 

intra, are hereby incorporated by reference in their entirety to the same extent as if 
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each Individual, publication, patent or patent application was specifically and 

individually indicated to be incorporated by .reference, 

[0025] For the purposes of this specification and appended claims, unless otherwise 

indicated, all numbers expressing quantities of ingredients, percentages or proportions 

of materials, reaction conditions, and other numerical values used in the specification 

and claims, are to be understood as being modified in all instances by the term 

"about" whether or not explicitly indicated. The term "about" .generally refers' to a 

range of numbers that one would consider equivalent to the recited value (I.e., having 

the same function or result). In many instances, the term "about" may include 

numbers that are rounded to the nearest significant figure, 

[0026] Accordingly, unless indicated to the contrary, the numerical parameters set 

forth in the following specification and attached claims are approximations that may 

vary depending upon the desired properties sought to be obtained by the present 

inven tion. At the very least, and not as an attempt to limit the application of the 

doctrine of equivalents to the scope of the claims, each numerical, parameter should at 

least be construed in light of the number of reported significant digits and by applying 

ordinary rounding techniques. 

[0027] Notwithstanding that the numerical ranges and parameters setting forth the 

hroad scope of the invention are approximations, the numerical values set forth in the 

specific examples are reported as precisely as possible. Any numerical value, 

however, inherently contains certain errors necessarily resulting from the standard 

deviation found in their respective testing measurements. Moreover, all ranges 

disclosed herein are to he understood to encompass all sub ranges subsumed therein. 

For example, a range of "I to !Cr Includes any and all sub ranges between (and 
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including) the minimum value of 1 and the maximum value of 10, that is, any and all 

sub ranges having a minimum value of equal to or greater than 1. and a maximum 

value of equal to or less than 10, e.g., 5.5 to 10. 

[0028] Before describing the present invention m further detail, a number of terms 

will be defined. Use of these terms does not limit the scope of the invention but only 

serve to facilitate the description of the invention. 

[0029] As used herein, the singular forms "a," "an," and "the" include plural referents 

unless the context clearly dictates otherwise. 

[0030] The term "biomolecule of interest", as used, herein, can be a desired target 

molecule such as, for example, a desired product or polypeptide of interest (e.g., an 

antibody), oris, can be an undesirable entity, which needs to be removed from a 

sample containing the desired target molecule. Such undesirable entities include but 

are not limited to, for example, one or more impurities selected from, host cell protein, 

DNA, RNA, protein aggregates, cell, culture additives, viruses, endotoxins, whole 

cells and cellular debris.. In addition, the biomolecule of interest may also be bound 

and precipitated by a -stimulus responsive polymer or chemically treated (e.g., acid 

treatment) as described herein. 

[0031] The term "'capture step", as used herein, generally refers to a method used for 

binding a target molecule with a stimulus responsive polymer or a chromatography 

resin, which results in a solid phase containing a precipitate of the target molecule and 

the polymer or resin. Typically, the target molecule is subsequently recovered using 

an elution step, which removes the target molecule from the solid phase, thereby 

resulting in the separation of the target molecule from one or more impurities, in 
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various embodiments, the capture step can be conducted using a chromatography 

media, such as a resin, membrane or monolith, or a polymer, -such as a stimulus 

responsive polymer, polyeleetolyte or polymer which binds the target molecule. 

[0032] The term "eel! culture additive" as used herein, refers to a molecule (e,g,, a 

non-protein additive), which is added to a ceil culture process in order to facilitate or 

impro ve the cell, culture or fermentation process. In some embodiments according to 

the present invention, a stimulus responsive polymer, as described herein, binds and 

precipitates one or more cell culture additives. Exemplary cell culture additives 

include anti-foam agents, antibiotics, dyes and nutrients. 

100331 As used herein the phrase "cell culture" includes cells, ceil debris and 

colloidal particles, biomolecule of interest, J3CP, aid DNA, 

[0034] The term •"chromatography",, as used herein, refers to any kind of technique 

which separates an analyte of interest (e.g., a target molecule) from other molecules 

present in a mixture. Usually, the analyte of interest is separated from other 

molecules as a result of differences in. rates at which, the individual molecules of the 

mixture migrate through a stationary medium under the influence of a moving phase, 

or in hind and el.ute processes. 

[0035] The terms ''chromatography -resin" or "chromatography media", arc used 

interchangeably herein and refer to any kind of phase (e.g., a solid phase) which 

separates an analyte of interest (e.g., a target molecule) from other molecules present 

ma mixture. Usually, the analyte of interest is separated from other molecules as a 

result of differences in rates at which the individual, molecules of the mixture migrate 

through a stationary solid phase under the influence of a moving phase, or in bind and 
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elute processes. Examples of various types of chromatography media include, for 

example, cation exchange resins, affinity resins, anion exchange resins, anion 

exchange membranes, hydrophobic interaction resins and km exchange monoliths. 

[0036] The term "clarification step*, as used herein, generally refers to one or more 

steps used initially in the purification of biomolec-ules, The clarification step generally 

comprises removal of ceils and/or cellular debris using one or more steps including 

any of the following, alone or various combinations thereof e.g.. centrifiigaticm arid 

depth filtration, precipitation, tloeeulatiofi. and settling, in some embodiments, the 

present invention provides an improvement over the conventional and clari.lkMio.ia 

step commonly used in various purification schemes. Clarification, step generally 

involves the removal of one or more undesirable entitles and .is typically performed 

prior to a step involving capture of the desired target molecule. Another aspect of 

clarification is the remo val of soluble and insoluble components in a sample which 

may later on result in the fouling of a sterile filter in a purification process, thereby 

making the overall purification process more economical. 

[003?] In. some embodiments, a purification process additionally employs one or 

more "chromatography steps". Typically, these steps .may be earned out if necessary, 

alter the separation of a target molecule from one or more undesired entities using a 

stimulus responsive polymer according to the present invention. 

[0038} The terms "composition' ', "solution", or "sample" as used herein, refer to a 

mixture of a target molecule or a desired product to be purified using one or more 

stimulus responsive polymers or chemically treated (e.g., acid treatment) described 

herein along with one or more undesirable entities or impurities. In some 

embodiments, the sample comprises feedstock or cell culture media into which a 
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target molecule or a desired product h secreted. In some embodiments, the sample 

comprises a target molecule (e.g.,. a therapeutic protein or an antibody) along with one 

or more impurities (e.g., host cell proteins, DMA, RNA, lipids, cell culture additives, 

cells and cellular debris), in some embodiments, the sample comprises a target 

molecule of interest which is secreted into the cell culture media. 

[0039] The terms "Chinese hamster ovary cell, protein" and "CHOP"' as used, 

interchangeably herein, refer to a mixture of host cell proteins f\H.CP") derived from 

a Chinese hamster ovary ("CHO") cell culture. The HCP or CHOP is generally 

present as an impurity m a cell culture medium or lysate (e.g.. a harvested cell culture 

fluid containing a protein or polypeptide of interest (e.g., an. antibody or 

immunoadhesin expressed in a CHO cell). Generally, the amount of CHOP present in 

a mixture comprising a protein of interest provides a measure of the degree of purity 

for the protein of interest. Typically, the amount of CHOP in a protein mixture is 

expressed in parts per million relative to the amount of the protein of interest in the 

mixture, 

[0040) The terms "contaminant",, "impurity", and "debris", are used interchangeably 

herein, refer to any foreign or objectionable material, including a biological 

macromoleeule such as a DNA, an RNA, one or more host cell proteins (HCPs or 

CHOPs), endotoxins, viruses, lipids and. one or more additives which may be present 

in a sample containing a protein or polypeptide of interest (e.g., an antibody) being 

separated from one or more of the foreign or objectionable molecules using a stimulus 

responsive polymer according to the present invention. In some embodiments, a 

stimulus responsive polymer described herein binds and precipitates a protein or 

polypeptide of interest from a sample containing the protein or polypeptide of interest 
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and one or more impurities, In other embodiment a stimuli responsive polymer 

described herein binds and precipitates one or more impurities, thereby to separate the 

polypeptide or protein of interest from one or more impurities. 

[0041] It is understood that where the host cell, is another mammalian ceil type, an K. 

coll, a yeast cell, an. insect cell or a plant ceil HOP refers to the proteins, other than, 

target proteins, found in a lysate of the host cell 

[0042] As used herein the term, "depth, filter" (e.g., gradient-density depth filter) 

achieves filtration within the depth of the filter material. A common class of such 

.filters is those that comprise a random matrix of fibers bonded (or otherwise fixed), to 

form a complex, tortuous maze of flow channels. Particle separation in. these filters 

generally results from entrapment by or adsorption to, the fiber matrix. The most 

frequently used depth filter media for hioproecssing of cell culture broths -and other 

feedstocks consists of cellulose fibers, a filter aid such as DE, and a positively 

charged resin binder. Depth filter media, unlike absolute filters, retain particles 

throughout the porous media allowing tor retention of particles both larger and 

smaller than the pore size. Particle retention is thought to involve both size exclusion 

and adsorption through hydrophobic, ionic and other interactions. The fouling, 

mechanism may include pore blockage, cake formation and/or pore constriction. 

Depth filters are advantageous because they remove contaminants and also come in 

disposable formats thereby eliminating the validation issues, 

[0043] As used herein the term "extractablefsf refers to contaminants that in the 

presence of appropriate solvents can potentially migrate or be extracted from plastic 

and polymer compounds such as those materials used, to make filter media or 

membranes, filter housing media or membrane support, layer, an o-ring, or any other 
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polymeric component of the filter, into a biophanrsaceutieal or pharmaceutical 

formulation and the Eke. 

[0044] The term "extraction solvent*, as used herein, generally refers to a liquid 

sufostars.ee with excellent cleaning properties. Their increased solvency, low surface 

tension, nondlammability and stability make it ideal for vapor tlegrcaslng 

applications. They are intended for medium to heavy-duty cleaning of soils such as 

oils, greases and waxes. Solvents include HFE-71 DE, HFE-72DE, H€FC-14lfe, 

Vettre! MCA, or Vertrel MCA+) are all solvents for hydrocarbon and fluorocarbon 

greases and oils; the solvents also swell most elastomers. The high solvency and low 

toxicity make them an ideal replacement for ozone-depleting compounds, chlorinated 

solvents, and n-propyl bromide. 

[0045] The term *4flocculatio.n" as used herein, refers to the addition, of a floeculant, 

such as a polymer or chemically treated (e.g., acid treatment) described herein, to a 

solution in order to remove one or more suspended Insoluble or soluble impurities. 

The polymer must be added to the solution at a concentration which allows for 

spontaneous formation ©f insoluble aggregates which can be removed from solution 

via typical solid-liquid separation methods, 

[0046] The terms "isolating'; "purifying", and "separating" are used interchangeably 

herein, in the context of purifying a target molecule (e.g., a polypeptide or protein of 

interest) from a composition or sample comprising the target molecule and one or 

more impurities, using a stimulus responsive polymer described herein. In some 

embodiments, the degree of purity of the target molecule in a sample is increased by 

removing (completely or partially) one or more Impurities from the sample by using a 

stimulus responsive polymer, as described herein. In another embodiment, the degree 
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of purity of the target molecule En a sample is increased by precipitating the target 

molecule away from one or more impurities in the sample, 

[0047] As used herein the phrase 'low or lower organic extractabfe media" refers to a 

media that when extracted with organic solvents results in the removal of extractables 

that can. migrate from, a material into a solvent including water under exaggerated 

conditions of time and temperature, 

[0048] The term "monoclonal antibody" as used herein refers to an antibody obtained 

•from a population of substantially homogeneous antibodies, i.e., the indi vidual 

antibodies comprising the population are identical except for possible naturally 

occurring mutations that may be present in minor amounts. 

[0049JThe term "parts per million" or^ppm" are used interchangeably herein, and 

refer to a measure of purity of a desired target molecule (e.g., a target protein or 

antibody) purified using a stimulus responsive polymer described herein. 

Accordingly, this measure can be used either to gauge the amount of a target molecule 

present after the purification process or to gauge the amount of an undesired entity. In 

some embodiments, the units "ppnf are used herein to refer to the amount of an 

impurity in a solution, e.g., HOP or CHOP, in nanograms/milliliter of protein of 

interest in miliigrams/mi lliiiter (i.e., CHOP ppm^CHOP ng/ml>/{protein of interest 

nig/mi). When the proteins are dried (e.g., by lyophifeatkm), ppm refers to (CHOP 

ng)/(protern of interest mg)). 

[0050] The terms "pF or "isoelectric point" of a polypeptide, as used interchangeably 

herein, refer to the pfl at which the polypeptide's positive charge balances its negative 

charge, p! can be calculated from the net charge of the amino acid residues or sialic 
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acid residues o f attached carbohydrates of the polypeptide or can be determined by 

isoelectric focusing. 

[0051] The terms "precipitate", precipitating" or "precipitation" as used herein, refer 

to the alteration of a bound (e.g., in a complex with a biomolecule of interest) or 

unbound polymer or other soluble species from an aqueous and/or soluble state to a 

non-aqueous and/or insoluble slate, 

[0052] As used herein the terms "pore size" and "nominal pore size" refer to the pore 

size which retains the majority of the particulate at 60-98% of the rated, pore size, 

[00531 As used herein interchangeably, the terms "polypeptide"' or "protein", 

generally refer to peptides and proteins having more than about-ten amino acids, in 

some embodiments, a stimulus responsive polymer described herein is used to 

separate a protein, or -polypeptide from one or more undesirable entities present in a 

sample along with the protein or polypeptide, in some embodiments, the one or more 

entities are one or more impurities which may be present in a sample along with the 

protein or polypeptide being purified. As discussed, above. In some embodiments, a 

stimulus responsive polymer described herein specifically binds and precipitates a 

protein or polypeptide of interest upon the addition of a stimulus to the sample, in 

other embodiments, a stimulus responsive polymer described herein binds to and. 

precipitates an entity other than the protein or polypeptide of interest such as, for 

example, host cell .proteins, DMA, viruses, whole cells, cellular debris and cell culture 

additives, upon the addition of a stimulus. 

[0054] As used herein the phrase '"primary clarification, depth filter" refers to a filler 

which is able to remove whole cells and cell debris thus accomplishing the primary 
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clarification of a feed containing a target biomolecule of interest and a plurality of 

cellular debris and colloidal particulates without the use of a primary clarification 

centrifugation step or a primary clarification tangential flow mierofiltration step, 

10055] The terms "protein of interest*, "target polypeptide", "polypeptide of interest," 

and "target protein," are used interchangeably herein, and generally refer to a 

therapeutic protein or polypeptide, including but not limited to, an antibody purified 

using a stimulus responsive polymer according to the present invention, 

[0056] In some embodiments, a "purification step" to isolate, separate or purity a 

polypeptide or protein of interest using a stimulus responsive polymer described 

herein, may be part of an overall purification process resulting in a "homogeneous" or 

"pure" composition or sample, which term is used herein to refer to a composition, or 

sample comprising less than 100 ppm IICP in a composition comprising the protein of 

interest alternatively less than 90 ppm, less than 80 ppm, less than 70 ppm, less than 

60 ppm, less than 50 ppm, less thai 40 ppm, less than 30 ppm, less than. 20 ppm, less 

than 10 ppm, less than 5 ppm, or less than 3 ppm of HCP< As used herein, "primary 

clarification" includes the removal of aggregated cellular bloraass, including 

flocculated cellular debris and colloidal particulates with a size larger than about 10 

microns {|tm) or smaller particles with the use of a flocculating agent. 

[0057] The term "salt", as used herein, refers to a compound formed by the 

interaction of an acid and a base. Various salts which may be used in various buffers 

employed in the methods described 'herein include, but are not limited to, acetate (e.g. 

sodium acetate), citrate (e.g., sodium citrate), chloride (e.g., sodium chloride):, 

sulphate (e.g., sodium sulphate), or a potassium salt. The term "solvent", as 

used herein, generally refers to a liquid substance capable of dissolving or dispersing 
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one or more other substances to provide a solution. Solvents include aqueous and 

organic solvents, where useful organic solvents include a non-polar solvent,, ethanol, 

methanol, isopropa'nol, aeetoriitrile, hexylene glycol, propylene glycol, and 2,2-

thiodiglyeol. 

[0058] The terms "target molecule", "target biomolecule"', "desired target molecule"' 

and "desired target biomolecule," are used interchangeably herein, and generally refer 

to a polypeptide or product of interest, which is desired to be purified or separated 

from one or more undesirable entities, e.g.* one or more impurities, which may be 

present in a sample containing the polypeptide or product of interest. 

[0059] As used herein the term "throughput" means the volume filtered through a 

filter. 

[0060] In the present Invention, the use of open graded layers allows the larger 

particles to penetrate and become captured within the depth of the filters, rather than 

collecting on the surface. 

['0061'} The advantage is higher throughput, and retention of large solids (about 0.5 

microns to about 200 microns) while eliminating the problem of cake formation. The 

use of open pores in the primary clarification filters provides these depth filters with 

the linear increase in pressure with the solid retention with no significant increase in 

the pressure and hence resulting in high throughputs. The structural dimension of the 

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

exceptional filtration properties which can retain high amount of solids,, 

[0062] In the present invention, the use of open graded layers allows the larger 

flocculated particles in the feed stream to penetrate into the depth of the filter, and 
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become captured within the pores of the filter rather than collect on the surface. The 

primary clarification depth filter provided herein is arranged such that the "open" top 

Iayer(s) constitute the prefdtration rone of the depth filters in order to capture larger 

flocculated particles, while the bottom laycr(s) constitute the polishing zone which 

captures the smaller residual aggregated flocculated particles, 

[00631 The primary clarification depth filter having this type of-arrangement is 

exhibits advantages such as (i) higher throughput, (si) the retention of larger 

flocculated solids; and (Mi) the elimination of the problem of cake formation. The use 

of such open pores in the primary clarification fi lter taught herein provides a linear 

increase in pressure with the solids retention, with no significant increase in the 

pressure, resulting in higher, more desirable throughputs, 

[0064J Examples of primary clarification depth .filters-according to the in vention are 

depleted in Figures I A, IB, i€, ID, I Band IF, wherein Figures tA, IC and IE 

depict primary clarification depth filters having at least ? or 8 layers, and are used 

when the cell-culture feeds are treated with a polymer floceulani (e.g., smart polymer 

or traditional fiocculant). 

[(1065] Figures IB, ID aid IF depict primary clarification depth .filters having at least 

7 layers, and are used when the cell-culture feeds are treated with a chemically treated 

feeds (e.g., acid treatment). 

f0O66] The primary clarification depth filter depicted in Figure I. A shows a primary 

clarification depth filter used when the cell-culture feeds are treated with a polymer 

flocculant (e.g., smart polymer) having two (upper) layers with a nominal pore size of 

about 10(1 microns of a nbn woven such as polypropy lene about 0,4 cm thick, having 
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two more layers with a nominal pore size of about 50 microns ofatton woven such as 

polypropylene about 0,4 em thick, having two additional layers with a nominal pore 

size of about 25 microns of a non woven such as polypropylene about 0.4 cm thick, 

followed by a single layer about 0,35 cm thick of a material such as cellulose (€E2S) 

for example, and another single layer about 0,35 cm thick of a material 'such, as 

diatomaeeous earth (DB49) for example, 

[0067] The primary clarification depth filter depicted in Figure IB shows a primary 

clarification depth filter used when the cell-culture feeds are chemically treated (e.g., 

acid treatment) having two (upper) layers with a nominal, pore size of about 25 

microns of a non woven such as polypropylene about 0.4 cm thick, having two more 

layers with a nominal pore size of about TO microns of a non woven such as 

polypropylene about 0,4 cm thick, having two additional layers with a nominal pore 

size of about 5 microns of a non woven such as polypropylene about 0.4 cm thick, 

followed by a single layer about 0.35 em thick of a material such, as cellulose (CE25) 

for example, and followed by another single of layer about 0,35 cm thick of a material 

such as diatomaceous earth (DE40) for example. Either the cellulose or diatomaceous 

earth layer can be selected as the lowest (bottom) layer. 

[0068] The primary clarification depth filter depicted in Figure 1C shows a primary 

clarification depth filter used when the cell-culture feeds are treated with a. polymer 

fiocculant (e.g., smart .polymer) having two '(upper) layers with a nominal pore size of 

about 100 microns comprising a non woven such as polypropylene about 0,4 cm. 

thick, having two more layers with a nominal pore size of about 100 microns of a non 

woven such as polypropylene about 0.4 cm thick, having two additional layers with a 

nominal pore size of about 100 microns comprising a non woven such as 
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polypropylene about 0.4 em thick, followed by a single layer (bottom) about 8 

microns thick of a non woven such as polypropylene about 0.2. cm thick. 

[0069] The primary clarification depth filter depicted in Figure ID shows a primary 

clarification depth filter used when the cell-culture feeds are chemically treated (e.g., 

acid treatment) having two (upper) layers with a nominal pore size of about 50 

microns comprising a non woven such as polypropylene about 0.4 cm thick* having 

two additional layers with a nominal pore size of about 25 microns'of a non -woven, 

such as polypropylene about 0.4 cm thick, having "two more layers with a nominal 

pore size of about 10 microns of a non woven such as polypropylene about 0.4 cm 

thick, followed by a single layer about 0.35 cm thick of a material such as cellulose 

(CE25) for example, and followed, by another single of layer about 0.35 cm thick of a 

material -such as diatomaceous earth (DE40) for example. Either the cellulose or 

diatomaceous earth layer cm be selected as the lowest (bottom} layer. 

[0070] The primary clarification depth filter depicted in Figure IE shows a primary 

clarification depth filter used when the cell-culture feeds are treated, with a polymer 

fioecnlan.t (e.g., smart polymer) having two (upper) layers with a nominal pore size of 

about 100 microns comprising a non woven such as polypropylene about 0.4 cm 

thick, having two more layers with a nominal pore size of about 50 microns of a non 

woven such as polypropylene about 0.4 cm thick, having two additional layers with a 

nominal pore size of about 25 microns comprising a.non woven such as 

polypropylene about 0,4 cm thick, followed by a layer about 0.35 cm thick of a 

material such as eel iulose (CE25) for example, and followed by another single of 

layer about 0.35 cm thick of a material such as diatomaceous earth (DIM)) for 

example. 
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[0071 ] The primary clarification depth filter depicted in Figure 1P -shows a primary 

clarification depth filter used when the cell-culture feeds are chemically treated (e.g., 

acid treatment) having two (upper) layers with a nominal pore size of abo ut 3 5 

microns comprising a non woven such as polypropylene about 0.4 em thick, having 

two more layers with a nominal pore, sfee of about 15 microns of a non woven such as 

polypropylene about 0,4 cm thick, having two additional layers with a nominal pore 

size of about 10 microns comprising a non woven such as polypropylene about 0.4 cm 

thick, followed by a single layer about 0.35 cm thick of a material such-as cellulose 

(CE25) for example,, and followed by another single of layer 0.35 cm thick of a 

material, such, as diatomaceous earth (DE40) for example. Either the cellulose or 

diatomaceous earth layer can be selected as the lowest (bottom) layer, 

[0072] The efficiency parameter K» is used herein to describe the filter efficiency 

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

allows for filtration of feeds with different solids content to be effectively compared. 

[0073] The following examples are provided so as to provide those of ordinary skill, 

in the art with a complete disclosure and description of how to make the compositions 

of the invention and how to practice the methods of the invention and are not intended 

to limit the scope of what the inventor regards as his invention. Efforts have been 

made to insure accuracy with respect to numbers used (e.g. amounts,, temperature, 

etc.), but some experimental errors and deviation should he accounted for. Unless 

indicated otherwise, temperature is In degrees €., chemical reactions were performed 

at atmospheric pressure or transmembrane pressure, as indicated, the term "ambient 

temperature" refers to approximately 25° C. and "ambient pressure" refers to 
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atmospheric pressure. 'The invention will be further clarified by the following, 

examples which are intended to be exemplary of the invention, 

EXAMPLES 

[0074] Example t 

[0075] Figure 2 depicts flushing curves for primary .clarification filters with non-

extracted media at a working How rate of 600 liters/rn2/br. 

[0076] In a representati ve experiment, depth filter comprising of graded layers of 

non-woven fibers, cellulose, and diamatoeeous earth CDE) or non-woven fibers was 

flushed for approximately 100 L/m2 at a flow rate of600 fiters/m'Vhr, The flushing 

curves for the depth filter comprising of graded layers of non-woven libers, cellulose, 

and diamatoeeous earth (AFC and BPC) have a TOC of approximately 8-10 ppm 

whereas depth filter comprising of graded layers of non- woven fibers (CPC) has a 

TOC of approximately 4 ppm as shown in Figure L The TOC-(ppm) of the control 

depth filter (D0HC) is between 1-3 ppm for a flush volume of approximately 100 

L/m2. 

[0077] Example 2. 

[0078] Figure 3 depicts flushing curves for multiple embodiments of the primary 

clarification filters with, extracted media at a working flow rate of 600 Hters/m'Vhr 

according to the invention. 

[0079] In a representative experiment, depth filters of graded layers of extracted non-

woven fibers, cellulose, and diamatoceous earth or extracted non-woven fibers were 

flushed for approximately 100 L/nr at a .flow rate of 600 liters/nr/hr. The rolls of 

26 



WO 2013/184937 PCT/US2013/044550 

mm- woven filter media (12.5" In diameter and 16" in width) a*e extracted with 

hydrofiorocarbon solvent (HFE-72E} from 3M In the TSC extractor for a spraying 

time of 1.200 mi.n and drying time of .1500 min. The flushing curves for the depth 

filter comprising of graded layers of .non-woven fibers, cellulose, and. diamatoeeous 

earth (APC and RFC) have a TOC of approximately .1-3 ppm for-a flush volume of 

approximately 100 L/m' whereas depth filter comprising of graded layers of non-

woven fibers (CPC) has a TOC of lesser than 1 ppm for no flush volume. The TOC 

(ppm) of the control depth filter (DOHC) is between 1-3 ppm for a flush volume of 

approximately 100 L/ro2. livers though APC and BPC depth filters with extracted 

non-woven media have roughly the same flush volume of 100 L/m^ as DOHC to reach 

the target the TOC of 1-3 ppm; the column volume of APC and BPC is double than 

DOHC which suggests that the flushing volume' is reduced by half which can. 

significantly reduce the flushing for the overall process with the higher throughput of 

the primary clarification depth filters, 

[0080] Example 3, 

[0081 j Figure 4 depicts flushing depicts curves for multiple embodiments -of the 

primary clarification filters with extracted media at a working flow rale of 100 
•> 

liters/mVhr according to the invention. 

[0082] In a representative experiment depth filter comprising of graded layers of 

extracted non-woven fibers, cellulose, and diamatoeeous earth or extracted, non-

woven fibers was flushed for approximately 1(H) L/nC at a flow rate of 600 

hters/m'Vhr.. The rolls of non-woven filter media (1.2,5" ' in diameter and. 1.6" in width) 

are extracted with hydrofiorocarbon solvent (RPE-72B) from 3!vf in the "ISC' 

extractor for a spraying time of 1200 min and drying time of 1.500 min. The flushing 
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curves for the depth filter comprising of graded layers of non- woven fibers, cellulose, 

and diamatoeeous earth (APC and BPC) have a TOC of approximately 1 -3 ppm fbr a 

flush volume of approximately 90 L/nr whereas depth filter comprising of graded 

layers of non-woven fibers .(CPC) has a TOC of lesser than i ppm for no flush 

'volume. The desired levels of TOC (ppm) of the depth filters are between 1-3 ppm tor 

a flush volume of approximately 100 L/«P, 

[0083] Example 4, 

[0084] Static soaking experiment for the extracted and non-extracted non-woven 

fibers, 

[0085] In a .representa ti ve experiment, disks of non- wo ven filter media are extracted 

with hydrofiorocarbon solvent (Verire! MCA* from Duponi and HFE-72.E from 3M) 

for a soaking time of 1 min and drying time of I hour at 80 °C. The extracted and non-

extracated non-woven disks of 23 em" were soaked in 50 mi Milli-Q water for I hour 

and analyzed for total organic extractables (TOC). The TOC- was lesser than 1 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 (TOC) of extracted 

and non extracted non woven fibers. 
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f0086| Table 1; Comparison of the tote! organic extractables (TOC) for extracted ant! 

non-extracted raedi a. 

Material of 
Construction 

'Nominal Fore 
Ratings 

(pm) 

Ex traction Sol vent TOC 

(ppm) 

Polypropylene 200 None 3 
Polypropylene 200 Vertrc! MCA- < 1 

Polypropylene 200 HFB-72E < 1 

Polypropylene 50 None 5 
'Polypropylene 50 Vertrel MCA+ < 1 
Polypropylene 50 IJFE-72E < I 
Polypropylene 5 None 4 

Polypropylene 5 Vertrel MCA* < 1 

Polypropylene 5 HFE-72E < 1 

[0087] Example S. 

[0088] Filtration performance of depth filters removal of aggregated and small 

biomolecule particulates with extracted and non-extracted media. 

[0089] APC filter devices from Examples 1-2 were tested tor filtration performance 

using the following method. The unelarified cell enlture harvest was treated with IM 

glacial acetic acid to adjust the pH to 4.8 and stirred for 30 minutes. Depth fillers were 

run with untreated and acid, treated unelarified feed after flushing out with the Milli-Q 

water with, the I MF across each filter monitored by pressure transducers. The depth 

filters were first flushed with >. about 50 L of Milli-Q water for each square meter of 

filter area at 600 L/wf'/h to wet the filter media and .flush out extractables. Untreated 

and acid precipitated unclanfied harvest was loaded at 100 L/mVh until the IMP 

across any one filter reached 20 psig. 
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[0090] "fable 2 compares the filter throughput of MOlistak'" filter (DOHC''} with 

extracted and non-extracted primary clarification depth filter for the acid treated .feed. 

[0091] Table 2: Comparison of the Primary Clarification (APC) Depth Filter for the 

filtration throughput for acid treated feed (pH ™ 4.8) with extracted and non-extracted 

media. 

Feed Treatment Filter 'Type pH PCV Turbidity TP TP K 

(%) (NTU) (L%r> {V/Vm) (%) 

CF10-
S 

Untreated DOHC 6.9 3,8 90 KM) 11 42 

CHO 
S 

Acid 
treated 

APC (Non-
extracted) 

4,8 3,9 i 245 IS 70 

CHO-
S 

Acid 
treated 

APC; 
(Extracted) 

4.8 3.9 3 250 IS 70 

[0092] Example 6, 

[ 0093] Filtration performance of depth filters removal of aggregated and small 

biomolecule particulates with extracted and non-extracted media, 

[0094] CPC filter devices from 'Examples 1-2 were tested for filtration performance 

using the following method. The depth filters were rim with untreated and SmP 

treated unelarified feed after flushing out with the MHIi~Q water with the TMP across 

each filter monitored by pressure transducers. The unelarified cell culture harvest was 

treated with 0,2 wl% smart polymer {SmP) dose (wt %} and. stilted for 15 .minutes. 

The depth .filters were first flushed with > about 50 L of Milli-Q water for each square 

meter of filter area at 600 L/nr/h to wet the filter media and flush out extractables. 

Untreated and SmP treated unelarified harvest were loaded at 100 L/rn'Vh until the 

TMP across any one filter reached 20 pslg. 
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[0095] Table 3 compares the filter throughput of Miltistak*" filters {DOHC) with 

extracted and non-extmcted Primary clarification depth filter for the filtration of the 

feed described in Example 3. (0.2 % (w/v) smart polymer (SmP) treated feed). 

[0096] 'Table 3: Comparison of the Primary Clarification (CPC) Depth Filter 

described in Example 1-2 for the filtration throughput of SMP treated feed with 0.2 % 

(w/v). 

Feed Treatment Filter Dose PCV Turbidity TP TP K 
Type (%) 

(w/v) 
{%) (NT!,)) (L/m2) (vV 

^ m) 

m 
) 

CHO~ Untreated DOHC NA 3,8 90 166 11 42 
S 

CHO- SMP CPC: 0.2 4,0 oU 260 19 75 
S treated (Non-

extraefe 
d) 

CHO- SMP CPC 0.2 4.0 ,w 275 20 HO 
s treated (Extract 

ed) 

[Q097J The disclosure set forth above .may encompass multiple distinct .inventions 

with independent utility. Although each of these inventions has been disclosed in its 

preferred form(s), the specific embodiments thereof as disclosed and il l ustrated herein 

are not to be considered in a limiting sense, because numerous variations are possible. 

The subject matter of the inventions includes all .novel and nonobvious combinations 

arid subcombinations of the various elements, features, functions, and/or properties 

disclosed herein. The following claims particularly point out certain combinations 

and subcombinations regarded as novel and .nonobvious. Inventions embodied in 

other combinations and sobeonibin.ati.ons of features, functions, elements, and/or 
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properties may be claimed in applications claiming priority from this or a related 

application. Such claims, whether directed to a different invention or to the same 

invention, and whether broader, narrower, equal, or different In. scope to the original, 

claims, also are regarded as included within the subject matter of the Inventions of the 

present disclosure. 
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WHAT IS CI,AIMED IS: 

1, A process for reducing organic extractables released from a primary 

clarification depth filtration media such that the level of total organic extractables 

measured in a feed filtered through the media after flushing is about 1-3 ppm, the 

process comprising: 

a) providing a depth filtration device having a porous depth filter media; 

b) extracting from the media with, organic solvents; and 

e) Hushing the media at flow rates ranging from about 10 litres/mMir to about 

600 Htres/mVhr such that the level of total, organic extractables measured in a feed 

slock filtered through the media alter flushing is about 1-3 ppm., 

2, The process of claim 1, wherein the depth, filter comprises ai least 2 graded 

layers of non-woven fibers, 

3, The process o.f claim 1, wherein the extraction solvent 1s selected from the 

consisting of RFB-72DE, HPE~71.BE, B€FC~i.4Ik Vertrel MCA, or Yertrei MCA-n 

all solvents tor hydrocarbon and tluorocarbon greases and oils, 

4, The process of claim 1, wherein the depth filter comprises at least 3 graded layers 

of non- woven fibers. 

5, The process of claim 4, wherein the graded layers have a total thickness of about 

0.3 cm to about 3 cm. 
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6, The process of claim I , wherein the cellular debris and the colloidal particulates 

have a particle size distribution from about 0,5 jpn to about 200 jim, and a mean 

particle size greater than about 10 urn. 

?, The process of claim 2, wherein the depth filler media comprises a composite of 

graded layers of non-woven fibers, cellulose, and diamatoeeous earth having an open 

nominal pore size rating sufficient to filter the chemically flocculated feedstock, 

8, The process of claim 1, wherein the target biomolecule of interest includes 

monoclonal antibodies (mAbs), polyclonal antibodies, and biothcrapeutics. 

9, The process of claim 1, wherein the chemical flocculant is a polymer or an 

acid. 

19. The process of claim .!, wherein the chemical flocculant is a smart polymer. 

11, The process of claim 10, wherein the smart polymer is a modified polyasmne. 

12. The process of claim. 9, wherein the acid is acetic acid. 

1.3, The process of claim 4, wherein the non-woven fibers comprise 

polypropylene, polyethylene, polyester, or nylon. 

14, A primary clarification depth filtration process using a primary clarification 

depth, filtration device containing a porous media having a lower level of organic 

extractables released from the media after flushing, the process comprising: 

a) providing a primary clarification depth filtration device having a porous depth 

filter media; 
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b) extracting from fee media with organic solvents; 

c) flashing the media at flow rates ranging from about 10 litres/nAhr to about 600 

!itres/m*/hr» 

d) resulting in a lower organic extraetable media such that the level of total organic 

extractables measured in a .feed stock filtered through the media b about 1-3 ppm; and 

e) running a feed stock through the media, 

15, The process of claim 14. wherein the depth filter comprises at least 2 graded 

layers of non-woven fibers, 

16 The process of claim 14, wherein the extraction solvent is selected from the 

consisting of HPE-72DEJ-SFE-71 DE» HCFC~141h, Vertrel MCA, or VertreJ MCA+, 

all solvents for hydrocarbon and fluoroearbon greases and oils. 

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

layers of non-woven fibers, 

18. The process of claim 17, wherein the graded layers have a total thickness of 

about 0.3 cm to about 3 cm. 

19. The process of claim 14, wherein the cellular debris and the colloidal 

particulates have a particle size distribution from, about 0.5 ,nm to about 200 pm, and a 

mean particle size greater than about 1.0 ,um. 

20. The process of claim 15, wherein the depth filter media comprises a 

composite of graded layers of non-woven fibers, cellulose, and diamatoeeous earth 
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having m open nominal pore rating sufficient to filter the chemically flocculated 

feedstock. 

21. The process of claim 14, wherein the target biomolecule of interest includes 

monoclonal .antibodies (mAbs), polyclonal antibodies, and biotherapeutics, 

22. The process of claim. 14, whefem the chemical .flocculaiit is a polymer or an 

acid. 

23. The process of claim. 14. wherein the chemical Uocculam is a smart polymer, 

24. The process of claim 23, wherein the smart polymer is a modified polyamine, 

25. The process of claim 22, wherein the acid is acetic acid. 

26. The process of claim 14. wherein the non-woven fibers comprise 

polypropylene, polyethylene, polyester, or nylon. 


