COUNTER-PRESSURE FILTRATION OF PROTEINS CROSS-REFERENCE TO RELATED
APPLICATIONS 100011The benefit under 35 U.S.C. 119(e) of US. Provisional Patent Application
Serial No. 61/017,418 filed December 28, 2007, the disclosure of which is incorporated herein by
reference, is hereby claimed. BACKGROUND Fieldiof the Disclosure [0002]The disclosure relates
generally to filtration methods for the purification of proteins. More particularly, the disclosure relates to
the low-shear, counter-pressure sterile filtration of proteins susceptible to damage by shear forces
(e.g., shear-sensitive protefd&Nilddi EBdgination CHsERIEpfode(nE) PROEEMPle when being
transported in a fluid. Brief Descriptio elated Technology [00031Purified protein mixtures can be
administered to patients foREVArREFERENC I LGE RELA WL AR LEADIONRture prepared for
infusion in jients must be steriliz ior to, use. A suitable sterilization process for sonic proteins
includes njgﬁﬁﬁﬁane Hitration olfna%lfrlgf%g ‘p%b%ellggrﬁlg( tﬁélg?%éoﬁff’é?%erﬁbefﬁn ela{ﬁd lf-:'mss‘lbz%r1 to retain
(i.e., removefiiot thet p¥oteih Pebdotey articiiates, drdroorgahismsh andsoneatdrusesiwhife the
proteins are aple to %%?CU}IQM Jthe membrane. [0004]However, some proteins are not efficiently
recovered as purified, sterilized proteins using conventional methods such as membrane filtration. This
effect is most pronounced when attempting @afttidiseieiRpthat are shear-sensitive and/or part of the
blood coagulation cascade. An example of such a protein is the von Willebrand factor (VWF), which
circulates Fighsiih cDinglexsad with factor VIII and assists in the regulation of biological blood
coagulation activity. Specifically, the vVWF proteins are sensitive to shear forces induced by the velocity
gradient of @f&hspbreinesfiarsinediten cinpattical &l ihen thpdsH privensipagsomedugh or near a

filter membyangd. envavb graflan-omstrictions.ANA Glkcuitans Qs paths inthe prighRaroed of filter
membrane pores result in particularly large velocity gradients). Thus, when filtration units are operated

at sufficient PreS8LPER TGS Al GRITIRIR HEVEANIE BIGEdSEfv(f-Fat8RCATiEFBHESE IGHFites (and the
accompanyipgdinesganedn basticrsheas forseshiepd immduse:proegsstyield afosiaxample by
damaging or destroying the proteins, and/or by reducing the filtration rate over time.

100051 Actoidirigtycriptionl diiiRetigsit demwtieyelop a method of filtering a purified VWF mixture in a
manner that does not substantially damage the vVWF proteins, yet which method still permits a suitably
high procel¥8loudhipiicd &rotit atisiratepb s rimssdationatientsRing vectedithsiens tevelop a
filtering methad gengrially poRlisahle.de prppraigin. isHEhbihatdhaasnerl RiRteiRgaabsfitared (e.9.,

sterile filtered) at an efficient rate without incurring substantial damage to/loss of the protein.
SUMMAR Y0006 18! 8- eTH Y IR EING s sTierBr ANy R0l MR GdHAKRIR in either a
batch or contifisgdysdsranmnetithat taesinat substantially samagaorcatheiwisetipitthexegrvery of the
protein in thr% fi&'g}r%gioril fil rat(;:‘t.I TH](-% Q]%%hé}d generallg/'a plies a counter_ﬁ){e?ﬁure tto.the fiItrg.}e to
accuratelypre(%ce and ¢ H%rofﬁ%epreslsu?g differential across atiter. The disBISSeE Method has the
advantagetthatssalativelytinghefiltreiion flow rates can be achieved at relatively low pressure
differentials, in contrast to high pressure differentials which actually reduce the filtration flow rate of
protein liquRPMiktuféa™ FFHOM e ot faE 06k ih FETovRibsiasstamibily rardrth sl prbesth RFiEiBsinitially
present in the Jquid cixienQR0TIMRIEsRRGHIGallY rhedisclasv e mrovides @ pr&theskef filtering a
liquid protein mixture. According to one embodiment, the method includes providing a liquid mixture at
a first pres&ifg ﬁf%%‘ﬁ%é%iﬂﬁefﬁg‘ﬁﬁmatHﬁ&?ﬂ?éW@ﬁ@ﬁ‘H‘ﬁ@WS"fS%%ffﬁ)ﬁgféogtcz? 8hePpressure
P2. and apphkdng: a nuRiamMessutd topibefiltratecsuchwhnéa pressuse @ifenetiad iPdird laisnot more
than about 309 mbar. In’anoi;heghept%odmﬁnt, he mtethog incluges theff%te s of H?rnvi ing a liquid
mixture at & 1‘?r§{m[32rlecso§l ré BT, AN f)%é)éing KE iasusf Srﬁ&fu?éetﬁl%oaﬁlﬁﬂ & filter Féci%r P8%iltrate at a
second pressgnafy and iappBiag facdountenphdspureits thestlisatiecssufficiantio gietdlarcdberage flow
rate of the fjltr 0 in f filter surface area, -The liguid.mixture includes a
carrier quutl égé &%gggg;; irst %ﬁ%ﬁrﬁéﬁ%ﬂ% Irc%]a gktgll\?éstllé %gt lggi?lr?r\ ﬂé}ﬁf c')e‘?{rklg'dl!ia:p a?g%g“?sed
contaminaP@sF i fikghter Fralidlésehmeanhienditwid aher il pretestrigtianseodridreoimsiiation C7
relative to fe, AR figuifbolR AR RS iFRMIRALPONE Allnrs fRRTgR Pie difpersed contaminant

from the liquid mixture. [0008] In yet another embodiment, the method is'capable of filtering an
aqueous pEREifnFRIxtlRES aHiFhERTdESTNE &t e BEREditt BT AR aY pess L piisa ute Y L EMstHiPessure
P1, passing:thameyrruss mixiurediaueh & porovs soembianeciilepto farm a fllkta ah dusegond
pressure 1:‘%2, and appl ?lﬁg a counter pressure to the filtrate such that a pressure differential P1- P2 is
not more tf ??%%’&ﬁ‘%g QP BETSSUY Hilk{OFS IARIDEY WARRIH ORI D B concentration
Cl relative geoth@avateforherétirates inel iide stwatetcandthienyl VF at a second concentration Ct relative
to the water. The porous membrane filter includes pores sized from about 0.1 pm to about 0.5 pm.
100091In any of the above embodiments, the protein is preferably a shear-sensitive protein and/or a
blood coagulation cascade protein. Further, the protein is preferably recovered in the filtrate such that
a recovery ratio C.//C, is at least about 0.95, more preferably at least about 0.99. Additionally, the
pressure differential P1 P., is preferably not more than about 90 mbar and the first pressure Pi is

preferably at least about 200 mbar gauge. Preferred embodiments of the above methods include those
in which the carrier licdind ie watar and/or the dienerced contaminant inchidece miecraonoraanicme The




from a review of the following detailed description, taken in conjunction with the drawing. While the
compositions, films, and packets described herein are susceptible of embodiments in various forms,
the description hereafter includes specific embodiments with the understanding that the disclosure is
illustrative, and is not intended to limit the invention to the specific embodiments described herein.
BRIEF DESCRIPTION OF THE DRAWING [001213wo drawing figures are appended hereto to
facilitate the understanding of the disclosure. -4- 100141Figure 2 is a comparison of filtration rate data
obtained ysttFla convertiorial filtvatibhtmethoahanad docolntempréssureffiitration methoty WETAILED
DESCRIPTION 100151 1he methed descripad herein s aenerall anplicatle.ie 1 igation purifcation
of a protein’in aﬁlqw fixture in a manner that do€s not substantial y damage or otherwise limit the
recovery cfithpeproteinsdunirly tihehfilttrationthie eahditidn to theaproteiie) thecliguid. middiready ificludes a
carrier liquid anda ispersed saniaminant The cartiariauidis e susRapding medium,for the protein
r

and is not generally limited. A preferred carrier liquid is water. Similarly, the dispersed contaminant is
not particuletijhirafetishneh an GAe il 8 lnsddis Berded SHIfGTRIA R A ?ﬁé‘@‘dﬁ‘ﬁh‘ﬂgﬁﬂﬂ‘éble component
of the finalnmf,i@cg@;gg%@p&ﬁggggggng,rp@sggm@gagﬁ;ﬁtiIe filtration operation, the dispersed
contaminant generally includes any of a variety of microorganisms (i.e., bacteria) that might he present
in the liquid mixture. 100161The disclosed mesodnsARwticularly preferably applied to the filtration of
proteins that are shear-sensitive, part of the human blood coagulation cascade, or both (i.e., some
suitable ploffink, fohexzviphed/wvitheday wseluldesifiberas botishearadenisiivedwes Blcodeongulation
cascade profaing). HARkSdShearsenaitvesniateins that MeisHitabls fnpuificationiusing the disclosed

counter-pressure filtration method include those that are susceptible to damage, destruction, loss of
activity, areyer &Y eduinm i it o A B A HtfansHored ab e e e ARRYITIA SO¥RHREr liquid that is

characterigeddayesignificantsheacfareas,(i@iucelativelylaigre yelacity gradients). digenefiddera
shear-sengitive protein is a protein which exhibjts an inverse proportion i%between filtration rate and
applied sheaf ?&F?ﬁﬁ?j%B%Qﬁg}eaﬁ%@@%g&ih%%ﬁe %B’ﬁ%ﬁ@@é%?t 8F Abphicd Braséirds. The critical
applied shemidesdappliad pigdsureyatwhidlifadnanbitior detwe enlaghireethprdptnteonal velationship for
o R B RRRIE BB RN A PRSI RLoRIRRDSelatanan P (e @
transition occurring when the filtration rate 1s at a maximum) may be different for various
shear-sensitivieqrotesnbstFaradiyeatiplétheritiosdiappics iskHedlygaasbet a1t tbaduaisbut 2000 s-1 (or at least
about 4000 s-4) and not more than about 8000 s-1 (or not more than about 12000 s-5. However, the
qualitativelBe¥AvioMercdimsiEstindhe-disaiave protilasadsdindcedditse sk WYsEar-sensitive

protein inclydas v VWi egihoughvthe-disslasedmethadisnot Raighanyilipitadlereieu\d/hile v'IV'F

exists in plasma in a series of oligomeric/polymeric fonns having mo}ecular ei%hts ranging from about
1,000 kD! RN GEEHETS b AHORE2DBS KSR DS GTEERAL R SHLtE T e 668 arily limited
to a particylassmneleculad weighigangenikdpi8ilhedisctisad methdda sodsgeniHatynajaplicable to the
purification of prateins in the human d coagulation cascade (i.e,, coagulation factors). For
example, dai_gLﬂéﬁilc])%t é)é?o%]s]i’l‘(a%%?t@ﬂ aglnl#]o ecc)tu Cgrewcg%ﬁf}%% t?'a rgé{tk Qé)‘&‘ﬁg E‘\S/ﬁ_ C. (about
260 kDa), $¥r(@bbOprtoSsikRa tojaldout-70rk Ba) X atosirt G0, kbdpassing abolig 88 0kba)e VWF
(discussed,;abowve), ombinati e | | sheagsepsitive, ganle
efficiently(#l tregr%’\:}i? érﬂvﬁf‘%g}o@%&? ﬁgﬁ%ggéﬁéﬁ%ﬁ?fg%{“%gafgﬁ%gﬁe %articularbi/;1L preferred purified
proteins indiedidsingld prowiissedragreartoisox rr WE AhtimealitipesssisbesribhatBisBuch as a
Factor VIIL.GHWF Gomplex, ARefRier-RiQleln ixiuce ks nelinasticulanyshepgsensitive, but
which is still favorably filtered using counter pressure, is a FEIBA VH mixture ("factor eight inhibitor
bypassing @eeeRyapbr Friataafe drmpr ot sadiadi peedbenieyinattcai s & e to control

spontaneoishleediRg andfariiepihemopiliaAlR patiedtontbauEdRA ME MmixtwreHnekides Factors I,
IX, and X (mainly non-activated), Factor VII (mainly activated), ﬁénd Factor VIII.C (about Ito 6 units/m1).

The FEIBAIYHIMAERE BelictshoT iy bk gt amiar priJEaA Rt tRE'PIBEEN HFRALYE can be
filtered at nedativelyxhigh filtration rates with littic to no loss in protein activity when counter pressure is
applied. 100201 The liquid mixture containing the protein and the dispersed contaminant is then
purified by|pe88jng thediguidhaixtubedhreuglitha filterodFikerpduitalb el formgse agoeedingrtdethe disclosed
method are_naqt particulasly limi i filter ilters (i.e., in
which the fmﬁ{%ﬁb‘é@iﬁ@‘g&i4§é"§§§ﬁ%?§8?%?§%%@%%’ﬁﬁ§§e%ﬁé I’ﬁﬁ%@é%ﬁg‘é@)m a?\%%rgc?fspe i?:‘sxifogf%t%é’rs (i.e., in
which the flufchaodoasinerovictihirsishyapaneltorgiedfies dliefdedprodel g e KitkOmhBIEHEjclopedia
of Chemical, Tahnplogys YobhRcZa8:85a ¢ Filtation) (eed pA93: Fhe:llisss@isoparg not
particularly limited with respect to their classification size (i.e., the size above which_dispersed material
is retained$h RHETiIREP AR SP8Helbf AVHTEHS dEpRISB ARSI Fat¥by kg thd Fiffrate). Once a
filter classification size is selected for a particular application (i.e., dispersed material to be retained vs.
dispersed material to pass into the filtrate), the filter should be operated considering the amount of
shear generated by the carrier liquid flowing through the filter relative to the shear sensitivity of the

particular protein being filtered. -6- and configurations (e.qg., filter discs, filter cartridges). The porous
memhrane can he formed from matariale crich ac calliilnoce nitrate celliiloece aretate vinvl nolvymere



[00231 The pores of the filter membrane 130 are sized to remove at least of the portion of the
dispersed contaminants contained in the liquid mixture, retaining the removed dispersed contaminants
on the inlet-side of the filter membrane 130 (i.e.., in the inlet chamber 120). Preferably, the filter
membrane 130 is sized to remove substantially all of the dispersed contaminants initially contained in
the inlet liquid mixture; thus, the filtrate is substantially free (or free) of the dispersed contaminants.
Specifically, the filtrate should not contain the dispersed contaminants in an amount that would
adversely affestithedise, of Mie dilteneshaner putified: proteid miixtutrecasamal therap@utic: cempasition. For
example, when th{e.disgersled gotntgginyatn‘ts include microorlgranis S, th%&iggsr Q}e)mprqq_eml)go should
be able to TAIHAVE R I€adtab Gt 107 coiony fornting Units per cm2 of titel ared 10024]The first
pressure Rioaf theintat ligid mixtue can be applied by any suitable source, for example gravity, a
compressed gas (6.2.., compressed air), or a pump (e.g., a low-shear pump). Preferably, the first
pressure 16101 at leastyaliout 200 mibvarghugetsothinractamge wédvly 200 smbsangaigetotabout 1,000
mbar gauge {i.e . ARoYL.1.081. 08198 f0F GrAmPIe-aRRYL 3R0,MIRAT B3HOR - HRUULK BIESSH IROr back

pressure) also can be applied by any suitable source, for example a conventional valve (illustrated in

Figure 1 alltrieccoahteripresrerygfifdtorCieoN! i35 bthintie SerorminseEdabheap e &t (e dutlet filtrate.

Additionallygheaceugiiprass e flie gankaappiedhysa flow.conabistiar.efstistion, etc. along the
length of the outlet 150 path. As a result of the first and second pressures P1 and P2, the applied
counter prabEh¥ gahiiatust Hiseiave) preeiib yitdrarhhos) gﬁ) Bfva1He EAFEFIthuid and the
protein thrayshithefiker anciiethe dil@taciite pressure idiffetentiatiis loyw wihvatitaite/araximum
pressure diffzﬁentials dependingéof 1v riety of factors, fou:r%xam le the parlti%ulgr wgﬁie g%igg filtered
and the pAPFCUFRFRRS S B TREd™ ”E? HICUTRP #iE préssure ditisrentialis preferably not more than
about 300Rabar, 2eOmbE, IsfomEil, ond 2Oxmebariheresd. pFeéehitbtyprdenaidye tbladeabaeiro0smbar or
50 mbar, evenbmoref%erfﬁre}ltl)]:%/ not more than %(EOLg(fX mbar %r 10Jmbar, for exampl @}Qt more than
about 5 mBAaF or hiot more tham About 3 mbar, 100351A¢such i?fuere'ntfgffbress&es, the flow rate
across thesfikénistew erbughotaependrat arloRrsfredn eniir Gimaentrivhicd ces rrodsulbstdntially
damage, deﬁf‘ro ogrrsggucgtthqnag%ivity of the protein. The low-shear environment further does not
substantia?ly imit the ylef(?ofl{ﬂezfli ration process. 100261Specifically, it has been observed that a low

differe““a'[(ﬂfﬁlsur?iﬁ?ﬂ?i@x‘?&%‘%e&&?eﬂpﬁﬂ&m@aﬁgﬁ@m@'blf*&%t%?%x%s%&f&%ﬁﬂu@{}{&%%@&fi'tration

rate. In particular, a low differential pressure can be applied to obtain an average filtration flow rate of
at least anbaP300 yRhEhZCcle Wenpiatabens Jvegriitrs St #e ar1ees ghiist i dbout 400

g,r/min-m2 $a-abeut8Q0 ghnimmpinphatethemeisiaramassioffiliaie (hee grammearrier liquid and
protein combined) gbtained per unit time (i.e., minutes) and normalized per unit surface area of the

filter (i.e., RSy Ufre 10U WitferSRGAT S PLS HRP PR AIRRREATLIR Ph& TS Gl LB oY Lol bi8ssure also

can genergie fasatbstantiatly congignédibration daté]iaparseutar afteccompletianredstgtart-up transient,

thus improvin% the tca[ia city of a}fil r. In contrast the ot%serve;d filtration rate at a low differential
0

pressure BT CIRFEEY e et TS ThdbRS e Srbiict RaPHRS fitation rate is proportional

to the difegyiig! Piraie.geassiie s AN AIERRANRl RIRIYNE{R G ahaun aRows 100 mban)

tends to decrease the rate of filtration. Thus, conventional filtration methods which apply differential

pressures patdsaseasiuiha 60 lnae detihdesspatieookHbE CoRBfiEm &'t Ahtathard dverage
filtration flaydfates-QRseVeddnsthesisalrssd reathad iL0PRALRHIsiPas beeaahseivesdhat a low

differential pressure can be used to obtain high recovery of the protein. Specifically, substantially all of
the proteintHATRU RN Hhe SeRTR AR G hdiiPdss BRIEBRPAAUBGEI.YE tAE filtrate. For
example, Whessafidst cOncEni@tonGid eprasents herconceniratioftdfdhenproteinveldtvedo the carrier
liquid in the initial liguid tr)ni&dure,( zgpd a.ge?cRnd.concentration C2 represents the concentration of the
protein relit & theBartieMiguid M the Tinal filtrate, then a recovery ratio C21C1 of the disclosed
filtration method is preferably zg‘@ﬁ; o\ }Q@%@&dmwgﬁq%ﬁ&least about 0.99. 10028]The

disclosed method of counter-p 0 proteins because the method
provides aggirate cantralefithediltratiarflpperater Riessiy e.spusces dhaliaramaad: tordsve the liquid
mixture thro_uqh the filter generally provide an excessive pressure that results in high shear rates,
which, in tdif£ R84 to filter plugging and protein damage. It is generally difficult, if not impossible, to
regulate a g ptﬁa pressure source relative to the ambient pressure such tha Pe esulting differential
pressure i@é‘o Iovg'élﬁloeﬁgﬁ grci(rjpgsuffelcc:l%on ?(3?/ \ggﬁs%rgﬁ? t%ﬂ%&ﬁ?f%ﬁr? %%/ré% %F(;J %viogeﬁsegt Xgrct)%g(_:jh the filter
that is sufficiemtly-fowssoatitidiprotdinrdemage and substantially constant. By applying counter
pressure to the filtrate-side of the process fluid, however, a relatively high pressure source (i.e., the
first pressure Pi) can be accurately counter balanced (i.e., with the second pressure 1117) to obtain a
low and substantially constant pressure differential (i.e., Pi P2). Examples 100291The following
examples are provided for illustration and are not intended to limit the scope of the invention.
Examples I-8 _9 process variables (e.qg., filter size and type) on filtration efficacy, for example based

on the recovered activity of VWF in the filtrate, the average flow rate of the filtrate, and the ability to
crale 110 the nrocece TOND2R11 An adtientice licdind mivtiire of recombinant VW WE ("r\/\WE- R havina an



Protein (BCA)1159 La/m1 Sodium Citrate Dihydratc4.53 gig Glycin1.16 Trehalose10.26 211
Mannitol20.52 g/1 Polysorbate 80(10:1 stock dilution)1.03 g/1 Water-For-Injection (WEI)Balance
100321The aqueous liquid mixture was then tested in the following manner. A test volume of at least
about 500 ml of the mixture was added to a pressure-resistant stainless steel vessel. The outlet of the
vessel was connected to the inlet of a (steam-sterifized) sterile filter with a first section of silicone
tubing. A second section of silicone tubing with a length of about 10 cm was attached to the outlet of
the sterile/fiftetlhotising: TFerfilraraestinentiermothesterle dMemphsstele @t & bdaker placed on a
balance to:manitor, g fitrafion Jaie. Theshalangrm@saiggaced with a computer to record at set
intervals the total amount of filtrate collected as a function of time. 100331 In Examples 1-7, a
SARTOBR_AN P0.2 pm cellulose acqsgte Anemprons dikgp@ncnding a 0.45 pm prefilter) was used. In
Example 8, a SUPOR EKYV 0.2 pm polyethersulfone membrane filter was used. Examples 1-3 used
disc memprars filtérs, whiledEkamiplalshé+8iusegtvartlid gepineloranbdiftérstidnedfifensarfate area of
each filter i3 r%(jQiY{%?Q 1'£LI§%%fx?uré%9'a%Q9§r€é} Gon 88ehof EXRMAIGS 1a8n e GjHolume pitpe

agueous Ilcﬁjl mixture was filtered at constant pressure. In Example 1, the aqueous liguid mixture
entering thie steriterfilteithadraisiapshiieg gre Sdure of dbadd1on fephe getgeatisliard Barabsolute),
based on the heightof thecekigan ehfuiditpeding he.stariia fiiee ramdhe,stainlass steel vessel In

Examples 2-8, clean compressed air was use to provide the pressure of the aqueous liquid mixture

entering tRESBESAIBIMREAI W OR HFREIFE HNgeaH S IBDMIBEIYS JDOTRIBAFI S TTIdEd 1 Table 2. In
Examplesyladr COUATRFPrassuite Jileation waissnotsprifprriedi4le. lithiecaullatduibe ofdeasterile filter

was open to the atmgsphere, f%s the filtrate eni}%ﬁ qgggg&e%&.%&%g&&?glgrgggsure

d into the co
differentiaf GREiHS 04 HiMAREA WKS 'S &Lt % E)?E]spsol?reé“o?gﬁe a§dedls tiquid mixture entering

sterile filtalfh fherckxasmn plasrBed;loatintesppressur erwvdispeppiicc toathm filtratedoyilattadhihgg and tightening
a clamp to the outlet tube of the sterile.filter. The {}?%sur%gggergngg forExamples,g:8.(indicated in
Table 2) V\(/)zig1 é%lﬁ%}é?eénﬁgggr %}hlstrﬁé%\?'e’raaﬁeeﬁftl&tea flow rate eealsu]red1 du%[r{!g the fﬁtrcaition and the

known prasgyge drep:fiwiiata Fharsaiersigs.ehivs canmerdiafiiarsHsad - Aon3a1Raaselly, in each

example, the mixture was filtered shortly after the"aqueous liquid mixture test volume was prepared.

However, TrEamsrE-seiis vrivaite WaS hireradiardcapsalghemetic iiaes R EXEmin8 By potential

effect of starage Qrotbpdisglesadnethod AOBE L Kaltled2 summakzeschaitesiasaseters for each of

Examples 1-8. Table 2 - Filtration Test Parameters for Examples 1-8 Example: 123456 8 Filter
Membrané}oagulatlon cascade proteins).

[0017] Shear-sensitive proteins that are suitable for purification using the disclosed
counter-pressure filtration method include those that are susceptible to damage, destruction,
loss of activity, and/or a reduction in filtration rate when transported as a suspension in a
carrier liquid that is characterized by significant shear forces (i.e., relatively large velocity
gradients). In general, a shear-sensitive protein is a protein which exhibits an inverse
proportionality between filtration rate and applied shear (or applied pressure) above a critical
applied shear (or applied pressure). The critical applied shear (or applied pressure) at which a
transition between a directly proportional relationship for filtration rate and applied shear (or
applied pressure) and an inversely proportional relationship (i.e., a transition occurring when
the filtration rate is at a maximum) may be different for various shear-sensitive proteins. For
example, critical applied shear can be at least about 2000 s (or at least about 4000 sy and
not more than about 8000 s (or not more than about 12000 s™). However, the qualitative
behavior for different shear-sensitive proteins is expected to be similar. A shear-sensitive
protein includes vWF, although the disclosed method is not particularly hmited thereto.
While vWF exists in plasma in a series of oligomeric/polymeric forms having molecular

weights ranging from about 1,000 kDa (kilodalton) to about 20,000 kDa based on 520-kDa



Configuration Surface Area (m2) Pore Size (urn) Pressure Counter Pressure Applied Pl (mbar
gauge) Differential P1-P2 (mbar) Disc 0.0017 0.45/0.2 No 100 100 Disc 0.0017 0.45/0.2 No 200 200
Disc 0.0017 0.4510.2 No 300 300 Cart. 0.015 0.4510.2 No 150 150 Cart. 0.015 0.45/0.2

5.

dimers, the disclosed method 1s not necessarily limited to a particular molecular weight

range.

[0018] The disclosed method also is generally applicable to the purification of proteins in
the human blood coagulation cascade (i.e., coagulation factors). For example, coagulation
Factors II (about 37 kDa molecular weight), VII (about 50 kDa), VIII:C (about 260 kDa), IX
(about 55 kDa to about 70 kDa), X (about 100 kDa), XIII (about 350 kDa), vWF (discussed
above), and combinations thereof, some of which also are shear-sensitive, can be efficiently

filtered and recovered using counter pressure.

[0019] Some particularly preferred purified proteins include single proteins such as Factors
XHI or vIWF and multi-protein combinations such as a Factor VIII:C/vWF complex. A
preferred protein mixture that is not particularly shear-sensitive, but which is still favorably
filtered using counter pressure, is a FEIBA VH mixture (“factor eight inhibitor bypassing
activity (vapor heated),” available from Baxter, Deerfield, IL) that can be used to control
spontaneous bleeding and/or treat hemophilia A/B patients. The FEIBA VH mixture includes
Factors 11, IX, and X (mainly non-activated), Factor VII (mainly activated), and Factor
VII:C (about 1 to 6 units/ml). The FEIBA VH mixture benefits from the use of counter
pressure in that the protein mixture can be filtered at relatively high filtration rates with little

to no loss in protein activity when counter pressure is applied.

[0020] The liquid mixture containing the protein and the dispersed contaminant is then
purified by passing the liquid mixture through a filter. Filters suitable for use according to
the disclosed method are not particularly limited and can include surface filters, for example
dead-end filters (i.e., in which the fluid to be filtered perpendicularly approaches the filter
surface) and cross-flow filters (i.e., in which the fluid to be filtered travels parallel to the filter
surface). See, e.g., Kirk-Othmer Encyclopedia of Chemical Technology, vol. 10, pp. 788-853
(“Filtration™) (4™ ed., 1993). The filters also are not particularly limited with respect to their
classification size (i.e., the size above which dispersed material is retained on the filter and
the size below which dispersed material passes into the filtrate). Once a filter classification
size is selected for a particular application (i.e., dispersed material to be retained vs. dispersed
material to pass into the filtrate), the filter should be operated considering the amount of shear
generated by the carrier liquid flowing through the filter relative to the shear sensitivity of the

particular protein being filtered.

[0021] A preferred filter medium is a porous membrane, which is generally available in

. . . . 2 - 2
various sizes (i.e., filter surface area; for example ranging from about 0.001 m” to about 5 m”)
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removed from the liquid mixture.” For example, in sterile filtration operations intended to

remove microorganisms (while allowing the protein to pass through the filter membrane into
the filtrate), the pores preferably have a size in a range of about 0.1 pm to about 0.5 pm, or
about 0.15 pm to about 0.25 pm, for example about 0.2 um or about 0.22 um. Suitable
porous membrane filters can also include both a 0.2 pm/0.22 pm filter and a coarser (e.g.,
about 0.45 um) prefilter to improve throughput and limit cake accumulation at the

0.2 um/0.22 um filter surface. Examples of suitable commercial porous membrane filters for
the sterile filtration of hiquid mixtures with proteins include a SARTOBRAN P 0.2 um
cellulose acetate membrane (including both 0.2 pm filtration pores and a prefilter membrane
having 0.45 um filtration pores; available from Sartorius AG, Géttingen, Germany) and a
SUPOR EKYV 0.2 pm polyethersulfone membrane (available from Pall Corporation, East
Hills, NY).

[0022] Figure 1 illustrates the flow of the liquid mixture through a filter apparatus 100, for
example a cartridge filter having a porous membrane. As illustrated, the liquid mixture enters
the sealed filter apparatus 100 via an inlet 110 into an inlet chamber 120. The fluid in the
inlet chamber 120 is pressurized, having a first pressure P, that is generally above ambient
pressure (i.e., about 1 bar absolute). The first pressure P, in the inlet chamber 120 drives the
carrier liquid and the protein in the liquid mixture through a porous filter membrane 130.

The material passing through the filter membrane 130 forms a filtrate including both the
carrier liquid and the protein in a filtrate chamber 140. The fluid in the filtrate chamber 140
is also pressurized, having a second pressure P, that is less than the first pressure Py, but
which is generally above ambient pressure. The purified filtrate then exits the filter apparatus
100 via an outlet 150. The flow rate through the outlet 150 (and the second pressure P,) is

regulated via a counter pressure regulator 160.

[0023] The pores of the filter membrane 130 are sized to remove at least of the portion of
the dispersed contaminants contained in the liquid mixture, retaining the removed dispersed
contaminants on the inlet-side of the filter membrane 130 (i.e., in the inlet chamber 120).
Preferably, the filter membrane 130 is sized to remove substantially all of the dispersed

contaminants initially contained in the inlet liquid mixture; thus, the filtrate 1s substantially
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free (or free) of the dispersed contaminants. Specifically, the filtrate should not contain the
dispersed contaminants in an amount that would adversely affect the use of the filtered and
purified protein mixture as a therapeutic composition. For example, when the dispersed

contaminants include microorganisms, the filter membrane 130 should be able to remove at

Jeast about 107 colony forming units per cm” of filter area.

[0024]  The first pressure P, of the inlet liquid mixture can be applied by any suitable
source, for example gravity, a compressed gas (e.g., compressed air), or a pump (e.g., a low-
shear pump). Preferably, the first pressure P, is at least about 200 mbar gauge, or in a range
of about 200 mbar gauge to about 1,000 mbar gauge (i.e., about 1 bar gauge), for example
about 300 mbar gauge. Counter pressure (or back pressure) also can be applied by any
suitable source, for example a conventional valve (illustrated in Figure 1 as the counter
pressure regulator 160), to obtain the second pressure P, of the outlet filtrate. Additionally,
the counter pressure also can be applied by a flow constriction, obstruction, etc. along the
length of the outlet 150 path. As a result of the first and second pressures Py and P,, the
applied counter pressure generates a (positive) pressure differential Py — P; to drive the carrier
liquid and the protein through the filter and into the filtrate. The pressure differential is low,
with suitable maximum pressure differentials depending of a variety of factors, for example
the particular protein being filtered and the particular filter being used. In particular, the
pressure differential is preferably not more than about 300 mbar, 200 mbar, 150 mbar, or
120 mbar, more preferably not more than about 90 mbar or 50 mbar, even more preferably
not more than about 20 mbar or 10 mbar, for example not more than about 5 mbar or not

more than about 3 mbar.

[0025] At such differential pressures, the flow rate across the filter is low enough to
generate a low-shear environment that does not substantially damage, destroy, or reduce the
activity of the protein. The low-shear environment further does not substantially limit the

yield of the filtration process.

[0026] Specifically, it has been observed that a low differential pressure can be used to
obtain both a relatively high and a substantially constant filtration rate. In particular, a low
differential pressure can be applied to obtain an average filtration flow rate of at least about
300 g/min‘m:, for example about 300 g/min-m2 to about 1000 g/min-m” or about

400 g/min-m2 to about 800 g/min-mz, where the units are mass of filtrate (i.e., grams carrier
liquid and protein combined) obtained per unit time (i.e., minutes) and normalized per unit

surface area of the filter (i.e., m?). The low differential pressure resulting from the
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sources that are used to drive the liquid mixture through the filter generally provide an

excessive pressure that results in high shear rates, which, in turn, lead to filter plugging and
protein damage. It is generally difficult, if not impossible, to regulate a single pressure
source relative to the ambient pressure such that the resulting differential pressure s both low
enough and sufficiently constant to result in an average flow rate through the filter that is
sufficiently low to avoid protein damage and substantially constant. By applying counter
pressure to the filtrate-side of the process fluid, however, a relatively high pressure source
(i.e., the first pressure P}) can be accurately counter balanced (i.e., with the second pressure

P,) to obtain a low and substantially constant pressure differential (i.e., Py — P,).

Examples
[0029] The following examples are provided for illustration and are not intended to limit
the scope of the invention.

Examples 1-8

[0030]  An aqueous liquid mixture of the shear-sensitive, blood coagulation cascade protein

vWF was sterile filtered to determine the effect of pressure (and counter pressure) and other



1113 Examples 9-20 100411 Aqueous solutions containing Factor VIII were tested on SARTOBRANS
filters, with a SARTOCLEAN pre-filter, to determine the effect of counter-pressure on filtration efficacy,
for example, based on the filter surface area required. In Examples 9-13, counterpressure filtration
was not performed; the initial applied pressure was 100 mbar to 500 mbar. In Examples 14-16, the
pressure differential was 200 mbar, and in Examplées 17-20, the pressure differential was reduced to
less than 150 mbar. The surface area of each filter was 1.2 m2. Table 5 contains the Factor VIII
activity bepesecanchafteicfilteatiofl @ned ydeldifope pch @xpadimeltc ac$ 30T ableple Recdverthof BAH in the
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scale up the process.

[0031]  An aqueous liquid mixture of recombinant vWF (“rVWF:Rco”) having an activity
of 125 1U/m! and concentration of 1159 pg/ml (bicinchoninic acid (“BCA”) assay) of was
prepared for use in each of the following Examples 1-8. Low-molecular-weight salts were
added to adjust the pH and osmolarity of the mixture to values of 7.3 and about

400 mOsmol/l (milliosmoles/liter), respectively. Because Examples 1-8 were intended to
isolate the fluid dynamic effects (e.g., shear) on the protein in the neighborhood of a filter, no
other dispersed contaminants or materials (e.g., bacteria, other microorganisms, or other
proteins) were added to the mixture. The components of the aqueous liquid mixture are

summarized in Table 1.

Table 1 - Liquid Mixture Composition for Examples 1-8

Mixture Component Concentration
r'VWF:Rco 125 TU/ml
Protein (BCA) 1159 ng/ml
Sodium Citrate Dihydrate 4.53 g/
Glycin 1.16 g/t
Trehalose 10.26 g/l
Mannitol 20.52 g/t
Polysorbate 80 (10:1 stock dilution) 1.03 g/l
Water-For-Injection (WFI) Balance

[0032] The aqueous liquid mixture was then tested in the following manner. A test volume
of at least about 500 ml of the mixture was added to a pressure-resistant stainless steel vessel.
The outlet of the vessel was connected to the inlet of a (steam-sterilized) sterile filter with a
first section of silicone tubing. A second section of silicone tubing with a length of about

10 cm was attached to the outlet of the sterile filter housing. The filtrate effluent from the
sterile filter was collected in a beaker placed on a balance to monitor the filtration rate. The
balance was interfaced with a computer to record at set intervals the total amount of filtrate

collected as a function of time.

[0033] In Examples 1-7, a SARTOBRAN P 0.2 pm cellulose acetate membrane filter
(including a 0.45 pm prefilter) was used. In Example § a SUPOR EKV 0.2 um
polyethersulfone membrane filter was used. Examples 1-3 used disc membrane filters, while
Examples 4-8 used cartridge membrane filters. The filter surface area of each filter is

provided in Table 2.
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[0034]  For each of Examples 1-8, the test volume of the aqueous liquid mixture was
filtered at constant pressure. In Example 1, the aqueous liquid mixture entering the sterile
filter had an applied pressure of about 100 mbar gauge (i.e., about 1.1 bar absolute), based on
the height of the column of fluid feeding the sterile filter from the stainless steel vessel. In
Examples 2-8, clean compressed air was use to provide the pressure of the aqueous liquid
mixture entering the sterile filter, which pressure ranged from 150 mbar to 300 mbar, as
indicated in Table 2. In Examples 1-4, counter-pressure filtration was not performed (i.e., the
outlet tube of the sterile filter was open to the atmosphere as the filtrate emptied into the
collection beaker); thus, the pressure differential driving the filtration was essentially the
pressure of the aqueous liquid mixture entering sterile filter. For Examples 5-8, counter
pressure was applied to the filtrate by attaching and tightening a clamp to the outlet tube of
the sterile filter. The pressure differential for Examples 5-8 (indicated in Table 2) was
estimated based on the average filtrate flow rate measured during the filtration and the known

pressure drop-flow rate characteristics of the commercial filters used.

[0035]  Generally, in each example, the mixture was filtered shortly after the aqueous liquid
mixture test volume was prepared. However, in Example 5, the mixture was filtered after an

eight-hour delay to examine any potential effect of storage on the disclosed method.
[0036] Table 2 summarizes the test parameters for each of Examples 1-8.

Table 2 — Filtration Test Parameters for Examples 1-8

Example: 1 2 3 4 5 6 7 8

Filter
Membrane . . .

Configuration Disc Disc Disc Cart.  Cart.  Cart.  Cart.  Cart.
Surface Area (m?) 0.0017 0.0017 0.0017 0.015 0.015 0.015 0.03  0.022
Pore Size (um) 0.45/0.2  0.45/0.2 0.45/0.2 045/0.2 0.45/0.2 0.45/0.2 0.45/0.2 0.2

Pressure
Counter Pressure No No No No Yes Yes Yes Yes

Applied P; (mbar
gauge)

Differential P—P,
(mbar)

100 200 300 150 300 300 300 300

100 200 300 150 2.6 3.2 3.5 3.8

[0037] The results of the filtration tests are summarized in Table 3. In Table 3, the “filtrate
amount” represents the mass of filtrate (i.e., including water and any recovered vWF)
obtained during the individual test. For Examples 1-4, the filtration test was performed until
the filter became plugged and substantial amounts of filtrate could no longer be obtained. For
Examples 3-8, the filtration test was performed until several hundreds of grams of filtrate

were obtained, and the test was terminated while the filter was unplugged and still capable of
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further filtration. The “filter capacity” entry in Table 3 represent the filtrate amount
normalized per unit arca of filter surface. The “>" for Examples 5-8 indicates that the filter
capacity is a lower estimate of the actual capacity, inasmuch as the filter did not become
plugged during the test. The “average flow rate” entry in Table 3 represents the filtrate

amount averaged over the course of the test and normalized per unit area of filter surface.

Table 3 — Filtration Results for Examples 1-8

Example: 1 2 3 4 5 6 7 8
Filtrate Amount (g) 27 5.4 5.1 75 390 720 1080 550
Filter Capacity (kg/m’) 16 32 3.0 5.0 >26 >48 >36 >25

Avg. Flow Rate (g/min-m”) 250 148 72 53 330 410 450 760

[0038] From Table 3, it is apparent that the counter-pressure filtration of proteins
significantly increases filtration capacity and flow rate. At even moderately low applied
pressures ranging from 100 mbar to 300 mbar for vWF and the utilized filters (where the
utilized filter cartridges can withstand maximum pressures ranging from about 2 bar to about
5.5 bar), Examples 1-4 indicate that filter capacity is low and rapidly decreases with
increasing pressure. In contrast, when a counter pressure is applied to the filtrate to reduce
the pressure differential, Examples 5-8 exhibit substantially larger filtration capacities and
flow rates. This observed behavior is unexpected, inasmuch as filters are generally
characterized by a direct proportionality between the filtration flow rate and pressure
differential:

o_s

A R

In Equation (1), Q is the filtration flow rate (volume or mass per unit time), 4 is the filter

Eqn. (1)

surface area, Ap is the pressure differential across the filter, p is the viscosity of the fluid
being filtered, and R is an empirical resistance of the filter medium. The similarity among the
results of Examples 5-8 further indicates that the benefits of counter-pressure filtration can be

obtained using variable filter media and/or filter sizes.

[0039] The time-dependent filtration data (i.e., filtrate collected as a function of time) for
Examples 4 and 6 are shown in Figure 2. From Figure 2, it is apparent that the higher
pressure differential for Example 4 results in a relatively high filtration rate over the first 10-
15 minutes of the filtration test. However, the higher pressure differential in Example 4 also
results in a more rapid plugging of the filter. In contrast, the use of counter pressure in
Example 6 lowers the pressure differential and the initial filtration rate. Specifically, after the

initial transient period of about 10 minutes to about 15 minutes, the low pressure differential
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creates a low-shear filtration environment that prevents the filter from becoming plugged by
vWF, thereby increasing the filter capacity and filtration flow rate over the life of the filter,

and further resulting in a filtration flow rate that is substantially constant.

[0040] As summarized in Table 4, the filtrate of each of Examples 1-3 and 5 was also
analyzed to measure the level of recombinant vWF in the filtrate to determine whether the
filtration process adversely affected the concentration of the recombinant vWF present in the
initial aqueous liquid mixture. In the absence of counter pressure, Examples 1-3 indicate that
even moderately low pressure differentials can damage or destroy proteins during filtration,
with up to about half of the recombinant vWF being lost during filtration at pressure
differentials of 200 mbar and 300 mbar. This filtration loss is avoided by the use of counter
pressure, as shown in Example 5, where no measurable reduction in the r'VWF:Rco
concentration occurred and only a 4% decrease in the measured protein (BCA) content
occurred. Thus, substantially all of the protein that is initially present in the aqueous liquid

mixture can be recovered n the filtrate.

Table 4 — Recovery of vWF in the Filtrate

Example: Stock 1 2 3 5
rVWF:Rco (IU/ml) 125 n/a 69 69 126
Protein (BCA) (g/ml) 1159 1054 724 715 1113

Examples 9-20

[0041]  Aqueous solutions containing Factor VIII were tested on SARTOBRAN® filters,
with a SARTOCLEAN pre-filter, to determine the effect of counter-pressure on filtration
efficacy, for example, based on the filter surface area required. In Examples 9-13, counter-
pressure filtration was not performed; the initial applied pressure was 100 mbar to 500 mbar.
In Examples 14-16, the pressure differential was 200 mbar, and in Examples 17-20, the
pressure differential was reduced to less than 150 mbar. The surface area of each filter was
1.2 m*. Table 5 contains the Factor VIII activity before and after filtration and yield for each

experiment.
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preceding data demonstrates that far less filter area is required when counter- pressure filtration is
employed for the same amount of active substance. Counter-pressure filtration stabilizes the filtration,
and when differential pressure is optimized, the average activity yield is improved. Examples 21-25
[00431 Solutions containing Factor Xl were tested®n a PALL(r) POSIDYNE(r) N66 nylon filter to
determine the effect of counter-pressure on filtration efficacy, for example, based on the recovered
activity and protein concentratlo’l’noid:ﬁetﬁleé(iﬂem' i Mt fﬁaeﬁlltertarea was 0.82 in2. In Examples
21-23, counter-pres ge i : ‘ @(ﬁmp@s was 600
mbar. In-Exam -the-presst threprotein
concentmf'm‘ and-aectivit F er-Htrati Re-yie Feae cxper: nert—+4—Fabte-6-

Recovery 8ftif’5<I‘ll)]iHr?ﬁe Ciltrate vie:| 212723 Deadsend filration 24775 76717 | 650 | 707 | 704

I iltrate volume

685 | 667 | 696 617 687 | 696 | 667 | 719 708 640 701 698

(m})
Number of filters 10 10 15 5 15 7 10 8 5 5 6 5
2;;“‘;1 filter area 12 | 12 | 18 6 18 184 12 o6 | 6 6 | 721 6

Activity before
filtration (IU/ml)
Activity after
filtration (IU/ml)
Activity Yield

115 | 11.8 | 145 | 8.04 | 841 | 137 {799 | 122 10 946 | 974 | 895

1.2 121 1127 1 994 | 106 | 133 ) 8.63 | 11.1 13.8 13 13.5 | 122

96 102 86 122 124 96 105 90 136 135 137 135

(0())

Filter capacity | 556 | 555 | 304 | 103.8 | 38.8 [ 83.6 | 57 | 757 | 119.5 | 1083 | 98.2 | 1173
(kg/m’)

Average Activity 106 119

Yield

[0042] The preceding data demonstrates that far less filter area is required when counter-
pressure filtration is employed for the same amount of active substance. Counter-pressure
filtration stabilizes the filtration, and when differential pressure is optimized, the average

activity yield is improved.

Examples 21-25

[0043]  Solutions containing Factor XIII were tested on a PALL® POSIDYNE® N66
nylon filter to determine the effect of counter-pressure on filtration efficacy, for example,
based on the recovered activity and protein concentration of Factor XIII in the filtrate. The
filter area was 0.82 m”. In Examples 21-23, counter-pressure filtration was not performed,;
the applied pressure for these examples was 600 mbar. In Examples 24-26, the pressure
differential was about 100 mbar. Table 6 contains the protein concentration and activity

before and after filtration and yield for each experiment.
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Table 6 — Recovery of FXIII in the Filtrate
Example: 21 22 23 24 25 26

Counter-pressure

Dead end filtrati i
ea d filtration filtration

Activity before filtration (IU/mly 2179 188 161.7 158 187.2 118.8
Activity after filtration (IU/ml) 194.6 179.8 180.2 189.4 184.8 115.2

Activity Yield (%) 89 96 111 120 99 97

Average Activity Yield 99 105

Protein before filtration (png/ml) 4.65 5.57 6.28 5.9 5.66 3.66
Protein after filtration (png/ml) 3.59 4.48 5.04 5.03 5.25 3.73
Protein Yield (%) 77 80 80 85 93 102

Average Protemn Yield 79 93

[0044]  As shown in Table 6, activity yield and protein yield are substantially improved

with the use of counter-pressure during filtration.

[0045]  The foregoing description is given for clearness of understanding only, and no
unnecessary limitations should be understood therefrom, as modifications within the scope of

the invention may be apparent to those having ordinary skill in the art.

[0046] Throughout the specification, where compositions are described as including
components or materials, it is contemplated that the compositions can also consist essentially
of, or consist of, any combination of the recited components or materials, unless described

otherwise.

[0047]  The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of electronic equipment. Although processes have
been described with reference to particular embodiments, a person of ordinary skill in the art
will readily appreciate that other ways of performing the acts associated with the methods
may be used. For example, the order of various of the steps may be changed without
departing from the scope or spirit of the method, unless described otherwise. In addition,

some of the individual steps can be combined, omitted, or further subdivided into additional

steps.
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protein yield are substantially improved with the use of counter-pressure during filtration. 100451 The
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those having ordinary skill in the art.
What is claimed is:
1. A method of filtering a liquid protein muxture, the method comprising:
providing a liquid mixture at a first pressure (P), the liquid mixture comprising a
carrier liquid, a protein at a first concentration (C;) relative to the carrier liquid, and a
dispersed contaminant;
passing the liquid mixture through a filter to form a filtrate at a second pressure (P),
the filtrate comprising the carrier liquid and the protein at a second concentration (C>) relative
to the carrier liquid, wherein the filter is sized to remove at least a portion of the dispersed
contaminant from the liquid mixture; and,

applying a counter pressure to the filtrate to ensure that a pressure differential

between the first and second pressures (P; — P,) 1s not more than about 300 mbar.

2. The method of claim 1, wherein the protein comprises a shear-sensitive

protein.

3. The method of claim 1, wherein the protein comprises a blood coagulation

cascade protein.

4, The method of claim 1, wherein the pressure differential is not more than

about 90 mbar.

5. The method of claim 1, wherein at least about 95% of the protein present in

the liquid mixture is recovered in the filtrate.

6. The method of claim 5, wherein at least about 99% of the protein present in

the liquid mixture is recovered in the filtrate.

7. The method of claim 1, wherein the counter pressure 1s sufficient to yield an

average filtrate flow rate of at least about 300 o/min-m’ of filter surface area.

8. The method of claim 1, wherein the first pressure (P,) is at least about

200 mbar gauge.
9. The method of claim 1, wherein the carrier liquid comprises water.

10.  The method of claim 1, wherein the protein is selected from the group

consisting of von Willebrand factor (VWF), Factor VIII, Factor XIII, and mixtures thereof.
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materials, it is contemplated that the compositions can also consist essentially of, or consist of, any
combination of the recited components or materials, unless described otherwise. [00471The practice
of a method disclosed herein, and individual steps thereof, can be performed manually and/or with the
aid of electronic equipment. Although processes hawye been described with reference to particular
embodiments, a person of ordinary skill in the art will readily appreciate that other ways of performing
the acts associataed withtbenmetdads may bevuseth frordexamplectnenorder afnvarisssiof the steps may
be changed without drerparting from the scope or spirit of the method, unless described otherwise. In
addition, <0ime ofthe individual steps can be combined, omitted, or further subdivided into additional
steps. -15- What is claimed is: 1.A method of filtering a liquid protein mixture, the method comprising:
providing a liquid fixturdameit prekaird  (Phy eI hlaHsixtare LErHpREiiEeL tiiier liquid, a
protein at & fiyst.consgntration (C1) relative to the carrier liquid, and a dispersed contaminant;
passing the liquid mixture through a filter to form a filtrate at a second pressure (Ps), the filtrate
comprising the cayrier ligid, and,ine profein aa secand.canceniration, (G2 [elallve ia the,carrier liquid,
wherein the filter i§ sized o rémove at least a portion of the dispersed contaminant from the liquid
mixture; apekous mapplyingcarcpuisnier pressuredtdheafilirate touernsuteth &t aypressure differential
between the first and second pressures (Pl - P2) is not more than about 300 mbar. 1.The method of
claim |. wherein the protejn,omRIises & NBAGSERMIIMPIRIR e sized-of M6 Methodaf,claim:!, wherein
the protein comprises a blood coagulation cascade protein. 4. The method of claim I. wherein the
pressure différential is not more than about 90 mbar. 5. The method of claim 1, wherein at least
about 95% of the protein present in the liquid mixture is recovered in the filtrate. 6. The method of
claim 5, wherein g4 leask ahaub 9976 pEthe pIaeia pesenhintthe liguitmbduteisrgsgvered in the
filtrate. 7. The method of claim 1, Whegﬁn the counﬁ;}prﬁswreés sufficient to yield an average
SHPHREVSiFtacE'S

filtrate flow rate dFaY1EEABBUE S50 Yl e g MIXYTELOmBIRING Aot claim 1,
wherein thedfitst pgessurpriRl) is afileastabout00(@hatigavge. the caBicthgunkthdd:of claim 1,
wherein thAa Ca”i?{é&%%ﬁ?awprises water. 10. The method of claim I, wherein the protein is

selected ffom the group consisting of von Willebrand factor (vWF), Factor VIII, Factor XIII, and
mixtures thereof p&8ng e ieuhbohishwiathndy girefdier thddivpefded caramimiesmisides a

MCTOOTGaST e (b TG MRNGE: R4 6laim 1D sheirate ds-SHbstantalhufiaq ehthg dispersed

contaminant. 13. The method of claim I, wherein the filter comprises a porous membrane, the
porous mémbresrsTeshipvidinghsereshABETrisHagdaroner ¢ 12 ephthe disparsshe method of

claim 13, whargimthe pores aie sidesatiabayy 0.2 pm or about 0.22 1.tm. 15. A method of filtering
a liquid protein mixture, the method comprising: providing a liquid mixture atg1 first pressure (P1),

the liquid mixture?BBRABSISG S CaRiETsHEul, B THERm I A1 'RonBd P aSHEE O VIS tRNo the carrier

liquid, and:a disnpensed sentasomantin-m’ pasaHGtHaJiguE mixture through a filter to form a filtrate at a
second pressure (P2), the filtrate comprising the carrier liquid and the protein at a second

conceniration (C3} relati 19 Hhe earrer Haid, herel i iRt 5 fized o demovg algast a portion o
the dispersed contaminant from the iquid mixture; and, applying a counter pressure to the filtrate
sufficient tpryield. an average filtrate flow rate of at least about 300 g/min-m2 of filter surface area.

17.  The method of claim 15, wherein the protein comprises a blood coagulation

cascade protein.

18. The method of claim 15, wherein at least about 95% of the protein present in

the liquid mixture is recovered in the filtrate.

19.  The method of claim 18, wherein at least about 99% of the protein present in

the liquid mixture is recovered in the filtrate.

20.  The method of claim 15, wherein the carrier liquid comprises water.



16. The method of claim 15. wherein the protein comprises a shear-sensitive prote 17. The
method of claim 15, wherein the protein comprises a blood coagulation cascade protein. 18. The
method of claim 15, wherein at least about 95% of the protein present in the liquid mixture is recovered
in the filtrate. 19. The method of claim 18, wherein at least about 99% of the protein present in the
liquid mixture is recovered in the filtrate. 20. Thie method of claim 15, wherein the carrier liquid
comprises water -17- 21. The method of claim 15, wherein the protein is selected from the group
consisting of vorzWillebrandhédetdo (W), IBastorryiH ithE actori X IH salnd aiktures ¢herepf 22. The
method of claim. 15, wherein the dispersed. i / ri icr ism, . 23. The
method of a TR T e e Sab ey o B et B 20 The
method ofclaim 15, wherein the filter comprises a porous membrane the porous membrane comprising
pores sized from?bout 014 RS QLY. S xupierein i SRRCrHEtioR BP LI O PR Rin the pores
are sized at;abeutBiZ\m or about 0.22 um. 26. A method of filtering an aqueous protein mixture,
the method comprising: providing an aqueous mixture at a first pressure (PO, the agueous mixture
comprising watepgnd vpp WIRBIANG (AGIs (WNELA! AdiEshcRNeSOIAan G HLelatiye o the water,
passing the aqueous mixture through a porous membrane filter to form a filtrate at a second pressure
(P2), the filisatesedmymtisingatiie water and the \ANT a.t a second concentration (C2) relative to the
water, wherein the porous membrane filter comprises pores sized from about 0.1 um to about 0.5 itm;
and, applying4a coumtempriassuretodhes filiaie itotensike thatmai prespurewdiffeightialdbatween the
first and second pressures (P1- P2) is not more than about 90 mbar, 7. The method of claim 26,
wherein aPf884t S55F GE0R 5 RAS NSV 5 SYs TR ThEPRYLIG s P T8 YolovdTkd in the filtrate. 28.
The method of claim 27, wherein at least about 99% of the ONT present in the liquid mixture is
recovered in the iiitrate The m29od oé chagthdd ofhelaimtR6 pwheneirsthel poresuakesizedattabout 0.2 urn
or about 0,22 um. 30. The method of claim 26, wherein the aqueous mixture further comprises a
microorgan‘i“sr’rf‘f)rlc)pulation, at least a portion of the population of which is removed from the aqueous

mixture by the porous membrane filter. o o
26. A mcthod of filtering an aqueous protein mixture, the method comprising;:

providing an aqueous mixture at a first pressure (P), the aqueous mixture comprising
water and von Willebrand factor (VWF) at a first concentration (C,) relative to the water;

passing the aqueous mixture through a porous membrane filter to form a filtrate at a
second pressure (Py), the filtrate comprising the water and the vVWF at a second concentration
(C») relative to the water, wherein the porous membrane filter comprises pores sized from
about 0.1 um to about 0.5 pm; and,

applying a counter pressure to the filtrate to ensure that a pressure differential

between the first and second pressures (P — P») is not more than about 90 mbar.

27.  The method of claim 26, wherein at least about 95% of the vWF present in the

liquid mixture is recovered in the filtrate.

28.  The method of claim 27, wherein at least about 99% of the vWF present in the

liquid mixture 1s recovered in the filtrate.

29.  The method of claim 26, wherein the pores are sized at about 0.2 um or about
0.22 pm.
30.  The method of claim 26, wherein the aqueous mixture further comprises a

microorganism population, at least a portion of the population of which is removed from the

aqueous mixture by the porous membrane filter.



