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system. A continuous harvest stream from the continuous perfusion system, still
containing some cells, debris and other particles is pumped using a harvest pump
(2) into large collection vessels (3), such as stainless steel tanks. These harvest
storage vessels usually have to be cooled in order to keep product losses due to

30  degradation within a feasible range.

Once a specified volume has been collected, which is typically after 1-4 days

or more, the harvest collection vessels are disconnected from the sterile fermentation
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chromatography column (12) containing a packed resin bed. The product binds to
the resin and is then eluted in usually concentrated and purified form (isolate, 13)
using a suitable elution buffer (14), after which the column is cleaned and

30 regenerated using adequate buffers and cleaning solutions (14).

Other chromatography variants that have been proposed for

concentration/purification of cTCF are expanded bed chromatography and
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25  goods. Furthermore, the product quality can be adversely affected.

P2. Large cold room facilities or cooled vessels are required for intermediate
storage of large harvest volumes, leading to high capital costs and negating the cited

compactness and mobility advantage of perfusion fermenters.

P3. Conventional concentration/purification technologies (e.g.,

30 ultrafiltration, packed bed chromatography) have relatively low volumetric
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heterogeneous clarified fluid mixture from which particulate contaminants have
been removed. The process comprises the step of filtering a heterogeneous clarified
fluid mixture by continuous ultrafiltration at a specific flow rate below the transition

25  point of the molecule of interest in the pressure-dependent region of the flux versus
TMP curve, wherein the specific flow rate is maintained substantially constant

throughout the continuous ultrafiltration.

In particular embodiments, the process of the invention comprises filtering
the clarified fluid mixture through an ultrafiltration membrane having an area in

30  square meters approximately equal to between 0.1 to 2 times the volumetric flow
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25 (b)  transferring the tissue culture fluid mixture to a continuous particle
removal process integrated with the continuous perfusion fermentation process;

(©) removing particulate contaminants from the tissue culture fluid in the
continuous particle removal process to produce a clarified tissue culture fluid
containing the protein of interest;

30 (d) transferring the clarified tissue culture fluid to a continuous

purification process integrated with the continuous particle removal process; and
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25  maintained substantially constant.

The present invention is also directed to an apparatus for separating a protein
of interest from a heterogeneous tissue culture fluid mixture. In one aspect of the
invention, the apparatus comprises: (a) a continuous perfusion fermentation system;
(b) a continuous particle removal system integrated with the perfusion fermentation

30  system; and (c) a continuous purification system integrated with the particle removal

system, wherein the apparatus is adapted to maintain sterile conditions.
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the invention and its benefits. FIG 1: Schematic of

conventional continuous perfusion process followed by

3 physically and logistically segregated isolation

process steps (b&ARIBFDHRSCRIPTION OETHEIPRABANES

particle renoval and batch concentration/purification)

FIG 2: Sdhenambmpanmyiny dseingahih acf inorperited invasdcenstifute a part

i nvent.ive device A.for, conti.nUauUS, ., i t .

St er 1 heafaiEn Ao ERRAERL S b DNERIGH, 85, Athher with the
shownleffled &fstriftmndf thedmbadithestc feeverd iexplaif tierdoindiptes of thé2
shown on,riggﬁ ggqg.side. FIG 3: Schematic

r 8pr dR¥EREN FEHBSPFS S nhodi ments of i nventive device B
for conti S,.integrated and sterile mapufacturi
Sehennt i o TP ToriSBET RS B eQiBaRCoBtmcRs PeHICR Piocses Tdgyved
s cherpts ghysitalBrdna dbdiseiodllyB2g:s futetiisslationi pabduiess waupd (tsitdheharvest
FIG 4; Schen%%ic of an gﬁbgﬂ%ﬁﬁnt of i.nv ntﬁv%

i nt egeHedign: et Pritigsyempw! pndhateh cangrhigtionpuriiEgtionl oy |

an el enent_ of both ipventive . device A .and inventjve, .
Govi co b FEPQ: Shrptrcele el g aod oL entive device A

agddi tiosmtin@ubasteganrt Sndterilow@nkthoterinde Stiematic wiintodiment Al
conbine multiple elenents to either increase overall )
pl antshew ge jefihapdsile and schsmadin Of epbadimet ¢ SSEB%W o rlglﬁ hand side
performance (A4). FIG 6: Schematic representatiQns. of
addi t i onalFI@mb ﬁ%ﬁt%reﬂfsepﬁv%lh?ﬁ't?\ﬁé“l@éS?% inyiepteye device B

Addi td,00RkineMR AR PBRRYE afd stbilY BREUMNEUEHY B8Rt 8t embodiment B1
conbi nes the el enents of device A and device B in

ser i eshowp on jeérhend aide gusk whematie RE&Mbadiinere B2shepvn on right hand side.

separati on gerfornange. FIG 8: Exanple, conparison of

ttal | oadl@efadshematic ¢fep embodigentiof nveptive Apsgrpigd.cgptinuous

conv ?A&ic@é&l@nop L6ReR {005 88 o RAC T8O iRy QevicB WOl idRntive
e and net hod

devi . for continuous particle renova
(i ntedgvize®d continuous filtration process) using

identical commercial filter capsules. Exanple method |
pr oduci ng FlecTtnishamatic tspretsatatiensgdpdditions] mabadipentg ofjinventive

showny B, ﬁ%ug(lﬁgﬁd%ﬁf rgﬁltiBfe%feﬁ{éﬁﬁ 1§ Lithér fdfed& ovelB plahi Gpacity

per neat e
20  (A3) or concentration and separation performance (A4).

FIG. 6: Schematic representations of additional embodiments of inventive

device B.

FIG. 7: Additional embodiment of inventive devices that combines the
elements of device A and device B in series to increase overall concentration and

25  separation performance.

FIG. 8: Example comparison of total load capacities per 10 of filter capsule
for conventional batch process and embodiment of inventive device and method for
continuous particle removal (integrated continuous filtration process) using identical
commercial filter capsules. Example method producing recombinant blood

30  coagulation Factor VIII shown.



liters/hour/m2 over transnenbrane pressure) and
determ nation of operation point. The circle shows the
WO y@bo3dssoperati on point that will be adj ust edP@i/aS1008035364
TMP for conventional batch processes. The rectangle
shows the preferred operational region that will be
adj usted via the perneate punp as per the nethod of
usi ng t heFiG9eBkangle dépessareAluxfehGe ($BcifiErermshte flok in LMH =

residence time distribution and n i.denc ' of .
g L et e S
USi Ngrhi BYEB ko tlﬂfewybibﬁl oeratibaysaiiteicht fadll beladjymtesiaid the TMP for
conti nuous systemw t 0 cn? ule. (62..5 cm . .
 engreeTion! PR RPUSEeT Dt SGmaRIRAT b Saed prglignabresion
LEH pedt Wﬁib@atffullﬁéﬁ vidiheperhikate pympak perdlhe mshbdddf Bhgale inventive
rEVIT] from plasma-protein free continuous perfusion

f er méK¥ise fon usi ng an enbodi ment of inventive device
A. Conparison of aver age jsolation yield of inven

ive.,
cont i nuou$ Gre0hSeramBiToA R Uy Hop ghgmesn rﬁ%ié"tf‘ﬁe time of
i sol %t’e?ﬁted bARindsksNIF SREMSB @0(}@1@ bék rhk@NddedfuSing Ve @R@-device A.
consecutive batches were used for determn ning batch
yi el dVleaapred éorél%wbbéewrweuwﬁtﬁmé’v«h&%§w2mdgl%@%~é cpdpngth),
tihe Gepf iy %?sfﬁw? 623 MH Ft&atatd Aow EXENEE S3medte flow.

performance of I nventive device A Transnenbrane

pressure apg ﬁp%%lfnk)ré of bstiGf of rBV D f8h PihshialbrdtBidFHée
ultrafiltration system (300) as a function of

cont icanidweuppestisien farmgpiaficrusng@n pmbpdimentaf dsniae device A.
shown L. = 1. o . . i |
coaguToaHAEEa e iR DA A Gy SRS Aol cBRflred o
menbraserege Yield ofibitelnisolation, éncludingione standard daviatiorsigeadk »

nbr ane ' ' . gl j >
0 A fE BN R R MRRR S bUEARIeR) Shile b Wosedile
cont ipoimsuslaye weresisedfol therventirmbusgmocebd. G 13: Exanpl e of
| ong-term performance of inventive device A directly
coupl ed t ¥1G.dRt iBxampks pEycfosname bEinvmtivaddviee A f Transmembrane

cell-line co:expressing. t e 0]
£ uorBEaEn AR PF AR B e oS G B 58 00y asa
pr es Sutictiondflcapiatiuk ipockdsuimeddr 3 didferehi axemplen thowmo (ISiangles =
[trafiltration syste as a, f.ungtio f i _
ot 1 W ebaRsh GRaS e Risha ed SSaeistioh B Gy Sgyeres =
FI G 104D fa¥@bRhe ré@ombiagt iheflenkpe?; Tifcs re® O menvend,i ve
device A djirectly .
genetically engineered glycoprotein (Mr > 100 kD). All examples shown are from

plasma protein-free continuous perfusion fermentation.

FIG. 13: Example of long-term performance of inventive device A directly
25  coupled to continuous perfusion fermentation of cell-line co-expressing 2 protein
products (Green fluorescent protein GFP and IL-2SA). Transmembrane pressure
and specific flux of inventive continuous ultrafiltration system (300) as a function of

continuous process time shown. 10kD membrane was used.

FIG. 14: Example of long-term performance of inventive device A directly
30  coupled to continuous perfusion fermentation of cell-line co-expressing 2 protein

products (Green fluorescent protein GFP and IL-2SA). 10kD membrane was used.



coupl ed to conti nuous perfusion fernentation of
cell-line co-expressing 2 protein products (G een

w0 bawenzssent protein GFP and | L-2SA). 10kD nmenpCEHOS2008635364
used. Concentration factor of both protein products, as
determ ned by specific assays, and volunetric
concentration factor shown as a function of continuous
pr oc €acdnition Rt of bbth frotaimpraiutosaspletefnoinedipycpedfic assays, and

o OSSR S ELEE SRl
| |
convect | o 3Rk SRR R R by

conv @gdskute didg D0érieidse tcritrenebwlve ad@qﬁioeﬁdasommaygeﬂvnh

P Corporation). FIG f.or r.f oy mance. of

T Bve PP Rt AdR e R gt g é@}?ﬁ?@@ﬂ}mﬂ%fb&??‘f Ceoa%rﬁ?etf"ﬁ'gpa“‘”
a t ymVaElvaadsUoRidcan dRe0EMtindRerckideober Mustany @cPilve
adsor ber (target protein: genetically engineered bl ood
coaglﬁoéﬁqr%ﬁ?nﬁact or FVIIIl variant; convective adsorber:

commer ci al__adsor ber P or at .
FIG 17: EXnfr Exprgple g@r rPF%nIﬁ‘Efc?gﬁee"fa‘FV@PH § g]s)\ﬁ“é‘e
B. Skendrafiygsbiile %linlu\/ typicall aﬂ&ﬂﬁhdﬁf’deb&?ﬁbn—cy@ie aﬁthfdoﬁﬂ:ctlve

harvest continuousl| eavi ng the artl cle renov

dPst s @t)argahmo@@ngw@mllw ﬁagja%erfgﬁ blepd rerewiiton Fﬁﬁ%r FVIL

conv gl EoARR AT PRI ord¥S EEAMEARPIdsabE:, MiRIa8Y), Pall Corporation).
adsorpti on/desorption eluate shown. Target protein:

genet i cal lryG 879 IERGRPIE YorPeROhMORE IhRhiiANdevRE BOBDEMabé gel
variant:; convective adsorber: comercial adsorber,

Must dsityecstaimed) of Beadgoelatfiedriprvest continuoyghs leaingthe gamiglegemoval
to | [ T

DR BT o o PR R PR B o oSt b sysem
e1>5pr &€460) pndigbicaledsdrptias/desorptien eleatahewh o dyrgeisereinhgqnitieplly
appl 'eﬁginéqud ﬁl?o éo@?ﬂg‘c{oql P\%IIOPFVHf &h‘?laﬂﬂ' E(glVI&ﬁ’e fa&’éoh%w cBleermal
def i i ons are pro erein
assu radsctrbearthtar@QL RaHfGomdrmme}s sEluaje Whedli'cé%ﬂman@wdf)ad he
cl ai ns, ng{t 0ref | Xes. and synbols may be denoted in
t hei r°O&® %&oé’ & ¥6r°me 1Nurrer ic ranges recited herein
are inclusive of the nunbers defining the range and
i nclude and are supportive of each integer within the

f'”ed range. %ﬁ‘f&ﬁ%ﬂ’f)% P%?Oﬂ%ﬁﬁﬁﬁ@E}Kﬁ "al

are to constru as nmeani ng ast one

Definitions

Except as expressly defined herein, the terminology used in this application
is standard within the art. The following definitions of certain terms are provided

herein to assure clarity and definiteness to the meaning of the claims.

25 Units, prefixes, and symbols may be denoted in their SI accepted form.
Numeric ranges recited herein are inclusive of the numbers defining the range and
include and are supportive of each integer within the defined range. Unless
otherwise noted, the terms “a” or “an” are to be construed as meaning “at least one
of.” The section headings used herein are for organizational purposes only and are

30 not to be construed as limiting the subject matter described. All documents, or
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of ." The section headings used herein are for

organi zati onal purposes only and are not to be
w@orvssasesl as |imting the subject matter descP@ES2005/035364

Al'l docunents, orportions of docunents, cited in this

application, including but not linmted to patents,

patent applications, articles, books, and treati ses,

are Ipertebglofedqoumgs*,yltq:drm@npmph@%@nbyclﬂ@ﬁeb'etm@ellmﬁed to patents,

't'2|e|a|rp| t%gttal | pl %a¥nlp 161@],%% lbgéigsf&%grea’cﬂg ﬁtﬁe%blye ress y 1n§f‘orporated

part |b§zmd:fa1teacermtt1teefenﬁretmﬁoaarsquumds¢3n so t hat the

remai ni ng sol uti on passes through a 0.2 nm nmenbrane.

The t er m Thotetm r‘fclaniﬁcq:tbnt’ aigl ‘Ginrifediiertmthe oertiovabdfpagictlote

a.stea tate tion system I

R SRR T Ty e R S A

m Ccr enepdtgaei Sms are maintained in culture in the

exponential growth phase by the continuous addition of

fresh nmediThenekm&tontmuba [mnﬁrsiibnlfglrmdnmtmeﬁmfais tand stezelly Istate

suspensi on frgyn%the bi | orea ctor

o SRTRTHE SOl P giha oA G0 FRpRp R Rgich cels
" SUpRPhitrb@rganBig are&%eﬂﬂtﬂldbd’l@' culire 1rStjﬁél eipbﬁ‘émﬁl growth phase by the

meani ng,that cells_remain. viable bl e of

JPoa soringop witiy of hEG et BeuR cateeaBy B enpyal pf el
ver b sh@emioBah shetidtedciioval of water froma sol ution
such that the anpbunt of a nolecule of interest per

vol une of The R daltivathyll FaNturig) eesasing F MtalRbifing,”
concent rati on pol arization" neans the accunul at| on of

r et ai HERPORBIE Ctfice $XpHWING” AP POryMouR &1 raeAnfng et Sfllsrrain

Menbrang £A4GEMIEF phodSaRP bR hyon of factors:
transmenbrane pressure, crossflow velocity, sanple

MisSCOSi 1y Th@Rem SedrébRr HRIHOER its @brbTorm, Mi8ns tRE Amoval of water
"‘conti nuous, means uninterrupted in ti nme, sequence

and/ dromppanieiansHcl Bt the Bnwhels Peleswkief inferest m-évolw@e of
Usedfréxﬁmﬁ %%519{‘&{91&1‘8315%@9 fermentation, clarification
Itra

and i on processes of the present invention,

"conti nuogge temﬁa@&lctmmwmﬁﬁsﬁslﬁém@t}e RENRIIARoY retained
and logistically integrated so as to permt operation

wi t hawalequies égal lnyer) on thegpriage 9f @lemémaqgéwse@ by# combjpation of
Bf f 't&dt&@ttr E%%ﬁgﬁes@?@t&&sh Iv g£ %} 'lé Visosi ty, aréd solute

concentrate ral Iy puri PSol
cont aomientyatidme

The term “continuous,” means uninterrupted in time, sequence and/or
operation for prolonged periods of time. As used in reference to the fermentation,
clarification and filtration processes of the present invention, “continuous” means

25  that the processes are physically and logistically integrated so as to permit operation
without interruption for a prolonged period of time sufficient to produce a sterile,
particle-free, concentrated and partially purified product isolate containing the
protein of interest. The term continuous, as used in reference to the processes of the
invention, is also understood to mean that a process is not performed in a batch-wise

30 manner or in a truly continuous manner. The processes of the present invention are

capable of continuous operation, for example, for prolonged periods ranging from 1
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protein of interest. The term continuous, as used in

reference to the processes of the invention, is also
wonwen3tseod to nmean that a process i s not perfRPCTHES2005035364

a batch-wi se manner or in a truly continuous manner.

The processes of the present invention are capabl e of

conti nuous operation, for exanple, for prol onged

per i dagtorsangalngorisonitibdiiyitetropting ey eeration bhssquance ol the

interrupting, the,operatiop. or _.seqguen f
or 0 ousSBses a5 e AP Pl p o RN GG al Whppgsd ora
pr oceG@Bsow Rriof gfeatceiad D13, & 5 6)dri7lapy 2, hek 5.0 7@r @ateelss, or

t han 24 36 4, 5, 6, or 7 days, 2, 3, 4, 5 6, 7 or 8
weeksS; bop 0 T MR BONS. . pre ppnths. The terns

"sem -contjnuous; and "|intermttent" . n that one or
mere pr ocil:‘.%@gn%rse’élll'g?fgﬂ’t"gu%fan ninfery ?"it B§L gt Qg or more

oper gkiedsBs @ nSRONUfn URdgFatel sybaindpuiaien sdo@tinussior Batch-

ot her processes or el enents of the integrat system .
oper ati¥ NG, St PHRERECSREH Ao erdy Oﬁ%ﬂﬁs@?e%i sytgp pperate ina
enbodbARAbSs Minneh EFdr BYARYIE, Msonteentdtim ehtsea tiedhveRti O @S

is a convective adsorption/desorption process,

. ich .
typi ®arifigation gracesds BESUIHVF arisorption/desorplion, P@@%ﬁ%@g@%h typically
WXt YERireS adRBrpRES OF AE hQltoShbSlsmAk@re TR AESAIION substrate,

resultﬁ%g In saturation of the substrate, and which |
r equieveuallyresulimgiinspturptioned thegulbsiiate; @1 relieguaires fggmination of

desorpt A@&pﬁ5mﬁr‘3&e§??fﬁl c@gorgtlﬂﬁ P PUEe b REbHANA-fradlit Rch a

process Is Inherently intermttent, though capabl e of
bei ngricassaginherentyintehmiitontt thewgh qepaideefdheingtitiggraigd avith upstream

conti nuqQus, m."convective
adsofﬁ%?%ﬁ %%Q%?%ﬁ#%ﬁm&heans a chromat ographi ¢ process

iég whi ch e Borh eayvg%g&gpoﬁaés@tidny r&xmcg&m&ﬁ%@g%mc
nvective adsorption/desorption Is a process In C
a fr gpeddessnin ethich mdsx transéer oomrsgirimanidy by ermlventioh.eCofivective

interest is,separat.ed from an # Cli .

i xt GRErPts RERRLF o pe ST PR E ol e B Ml coltfinine o
substnigléld dflihtonestds epardied domtanotheadfactibmof the adttureybyf meams of
the sybstrate. The term"crossfl.ow' ,or, "fluid .

b oo RN ond Porb 1] b oobPRe RS r N deshrplibfot tha agion from
ab t hge prene surface. The term"integrated,” as

used in reference to nmultiple systens and/or

pr ocesses Theeamnscididlontve “Byid cesssflevithens fifedbessiale fuie
physically and | ogi stically connected so as to
constdit é‘e fenpiiths ‘Eﬂngﬁ%etsé‘?‘/ﬁ“@apabl e of operating

conti nuously. | . .
Thg termn‘integrated,” as used in reference to multiple systems and/or

processes, means that the systems and/or processes are physically and logistically
25  connected so as to constitute a unified system capable of operating continuously. In
the context of the system of the present invention, which is directed to an integrated
continuous or semi-continuous system for producing a particle-free, concentrated
and partially purified protein of interest, an integrated system will connect different
components directly and in a manner sufficient to maintain sterile conditions

30  between the different components of the system.
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the context of the system of the present invention,
which is directed to an integrated conti nuous or

WG 2096108988 | nuous system for produci ng a parti cCPEFUSME5/035364
concentrated and partially purified protein of
interest, an integrated systemw || connect different
conponents directly and in a manner sufficient to
mai nt ai N Fheteirhs ‘ntaiiadi (plusatsand &medisum’t (siegwlar) fersgmenymous and

conmponent s, of 't he tem The terns ' nedia’ lural).

nd St Cinerqrengrat Bt AL RTEOL R iR abh ok mety

I nt eeghiaigesheotherfeinl, and use of one form of the

term does not inply exclusion of the other form The
term " m XTh¢ ®fm Md@6red nivai e Iegeogeacss canbingtini ofmoddeules and
nol ecul es and conpounds contai nin nol ecul e qf .

8t o RRPoIAL COMAINGA BOBERE AT TR Suih 4 A6 LU AFHVALRHEs.

A pr b@hhRgnts] A%p%f&réﬂfmi&ﬁ@e S{Ukd @itfent iRVERRTbA B tisSuetculture fluid
tissue culture fluid conprised of a heter o%eneous

mi xt GPEPHT 9F HREFRECTICAS NN HOTAHCTERS YENEIRS 2P FYtaanops grotein of

I Nt eresket WLER dbfifeB iR AIEdrdnDA bdrdihhidhs he@iBich fermentation
conti nuous perfusion ferméntation process. The term

"gel pr@wger" neans the mcroscopically thin |ayer of

nol ecul es that can formon the top of a nenbrane. |t

din af f ecThe ermefigel dyesTmeasp he mpigesqepicallloly layer ohmolecules that

Menblang i léﬁftl?ectg}? l@f‘éjmteﬁﬁfa%? Yit EROHEE rEt@ﬁiJni_ldl\t})ﬂcﬁ’é_Fﬁleefs %)9 ¥Wogging

or, 1 n constant ow operation, Increase g erm
" nol deuhemiphng surfagecant thesehanedugithe ifiktrasesflow, astinepnstant flow

specioﬁgraggn mlseuhgpt hat is to be separated froma
solutton of suspension in a fluid (e.g., a liquid).

The parti e | » | r
fromthe ? ljﬁtl%rdrgalr? , c‘:ﬁ% l‘*hoﬁ‘i‘%‘% nsh,{t% %ﬁsg géfcle?ﬁg%ﬁ%&?é?&%

dar t inedlesleghat ioto de wéramtddrann e sqlitidngbr sopensiinzia adluid (@, a
nol ecul [ S t i b [ .
he dopD S G ool AR E cBlipled R RENAR and. i
Pr ef eni@binytandeherombtherpagiles br mnleeulessin tiwrfridf The size of the

bi ol ogi.ca . .bigchem cal. ori.gi,n or oduced b

tr andgufitle it Bl b hdeing o R e s memprane to
pept ibd@slizedo Pydiapsly desmoraileddditasst are elidldgicly or biochemical
fragnments. anpl es of preferred feedstreamarigins .
e G s RIS dirreeRIIOF 1 T IS B0 TG BFpIDy peptides
cul t WoBpSptiibs, aatitdakk 6F ArdibodyUifpimenBN BxMERSS of préfersdtioéddtream

al so be noted that species to be filtered o i ncl ude
non- AE§ins dsiuse gsmplise Fiile@}tuﬁraea? BYiGHROreE Gibguttire si6lFas

CONMPRRERHES furdhAnd $&kt. & Shduld also be noted that species to be filtered out
include non-desirable polypeptides, proteins, cellular components, DNA, colloids,
25  mycoplasm, endotoxins, viruses, carbohydrates, and other molecules of biological

interest, whether glycosylated or not.
The term “permeate” is used synonymously with filtrate.

The term “product isolate” means a particle-free, concentrated and partially
purified product containing a protein of interest. A product isolate is a product that
30  has achieved a degree of purification and concentration comparable to that achieved

by an ultrafiltration or convective adsorption/desorption process. A product isolate
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mycopl asm endot oxi ns, viruses, carbohydrates, and

ot her nol ecul es of biol ogical interest, whether
w@bkopc039pBat ed or not. The term "perneate"” i s UBEHUS2005/035364

synonynously with filtrate. The term "product isol ate"

means a particle-free, concentrated and partially

purified product containing a protein of interest. A

pr oduchotinsaksatity Homogerqzoog hmtwtllrbatsumastiabmueiﬁedj redative to the

d f i ficat ce bl
that e%e%ibgﬁéér' %'v?é‘m&?ﬁ@? PofheiiaR %rpla R B snveet v - ¢
adsor pt | 0 S oL gp %Or‘éuet 1§ uﬁefl teergﬁséﬁgeap}({{qﬁlt ?‘enﬂ thtrate

necessari |
puri fflugdag ﬁl‘eﬂdtd:s\»t& tltecﬁlttrehe Tl dpecfic etdnkatepflavd watd is piredﬁnrcmd: of
the fernentati on%ﬁl}rj cess. The term "speci fi c flow

b
r at e'thq LlepieqorpiEe SIFINANGAR B term "filtrate

flux" as it the filtrate, The

r et ent at eAIsIqu P 5&%6 e H'éx fReor astugs%f’t'% cop%tf‘%tg (RS that
nor mahd A@dis efairtdigedra ﬂ@ér&%lyabmanu Reel.duAdg usbetantinl period during
reference to flyx, the term"substantially constant”

meangh ??Pé‘fsetoﬁ@e#)ﬁﬂ?)?ops mai ntai ned at a generally

constant |evel dyrin antial period durin
Cour e of TR HrspaErGe HRRE ety bEFREGEOR

flloui EompBiRAS dRrikeLRmes aaae vdtuid Kbdiia. of preRiPe a@em of the
derived froma_ tissue culture nmedium In preferred

aspeduention thedispunsaliue dhid ie Aeived omer coptiporereTision i s

deri \‘f%eﬁfaﬁgﬂ ?ro@é%ﬁ‘t ARG PekfueLRRe TiglaTENMiRLE &ture fluid that
process. arified" tissue culture fluidis a

ti ssues b@ﬂntpmﬁéteﬁﬂm wmonaeelhigbripendrpthpr &rgq megrermgolegles.
remove cell debris and other |arge macronol eg‘ul es. The

t erm "t r afSpienp, Hapsmerabrage presyiHg” prditsasrosnpmEMIRmean the
Ban f08s lied egﬁﬁ'ﬂo%ﬂ%@ RIS § fﬁtfa@émamtﬁeeﬁ&nsﬁné heMP is

f||trate Si rane. i's cal cul ated by
TVP [chlgnlpted by PMPHbR)lF [@F +PRp2] mﬁéwberPEF iissthe fred peesgpre, PR is the

Pr eSSl atepRsbife tch?ll’_f]ﬁtﬂ%rﬁlﬁﬁt EpRi&Rsure, and Pfois the

filtrate pressure term ecovery nmeans t he

anount of g fhefathferd meiMsahAHodnlIas fAouRCorfiblbiGHf dan be
after processing. fn expressed as a percentage of

st ar tretrigvadeefier 1i>ra¢ess3ng 3U seeillj/ exfitgeset s apereantagn phstartingrmateyal or
2{¢e ponél on of the sanple that does not pass through

t rane, also known as the concentrate.

The term “retentate” means the portion of the sample that does not pass

through the membrane, also known as the concentrate.

The term “ultrafiltration” means a form of filtration that uses microporous
or semipermeable membranes to preferentially separate fluids or ions on the basis of
25  differential size or molecular weight. Ultrafiltration is typically used to filter out

molecules having a molecular weight larger than about 10,000 daltons.

The present invention is directed to an integrated, continuous and sterile
process comprising continuous perfusion fermentation, particulate removal and

30  purification/ concentration. In one aspect of the invention, the process comprises
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The term"ultrafiltration”™ means a formof filtration

that uses m croporous or sem perneabl e nenbranes to
wpe@besess i al |y separate fluids or ions on thePOEEF®ODO35364

differential size or nolecular weight. Utrafiltration

is typically used to filter out nolecul es having a

nol ecul ar wei ght |arger than about 10,000 daltons. The

pr esdilteringithe tissve gulinge diitere bgd semaration procesyitlzt exectively separates

contiuous. and sterd | e.progc IS '

por { IR Bl Eot Rl topf B AR PR R Jerpol hUR R

pur i ftiagitiolopdinteod iegméteiatin tha pressuradepeadspergiooof thiadlux versus

i nvention, the ocess .conmpri.sesfiltering, the tissue.
el ¢ P iyt HrBe & SSuBaPRE G oABRARR A St i
sgl eghrbduet olaPRkicad B8 spddiiclodt raienhrofigh the sspasitiond provast e
m xture at an _operational set ?'nt bel ow t he .

tr ansrpetmtéwe(bg}bﬁ’ian ypﬂlgtaﬁ[, @taé?\% |eﬁs tp%the transition point of the
pressyisigmdependent region of the flux versus TMP curve
to produce a sterile, particle-free, concentrated and
parti al |y 1phdifidr 8hefilof e Giiveh s, tHe@rocakrds € coltidusseedctssC
flow rate through the separation process is .majntained
subs teRMPFising:y (2 GRIinaRHsly prodycing Hi porytpaeus ReEfHsip grmentation a

tipan Hetel QYPanReAs Absud bulfukeRg B3 -cohtRinBBAIGEIndF REGEst,qb)
the invention, the process is a continuous process
conpraosiimngusly fpnséerieg hedesse gulprotiuid miguisyo & ortipkseneyal
per f ush QL fREMRALAM RO AtRRIE HOURRAGY i8N & skHl; (YT
fluid mxturé containing a protein of interest, bzl o
cont i aenidrmbisly rereavifearticaigtetaeatamingsig drop e tissse pylprjiuid in the
m Xt aﬁ'cﬁeoreﬁlogﬂr Hc%és%o E&HPN&ISI ﬁ)‘}&fﬁ_@éé clhﬂfi&gtfs@ﬁeecglltﬁ\f'etﬂﬁid
the c¢ontinuous perfusi on erng tation system (c)

clont i coutaingig/the protein eigntemst; (4} adrdineoustyriransferringttee dlardied tissue
the tissue,culture-fluid i L ' v .
or occs b g Ebige Hfiath Brob e HRGRRL M R AR Bnovel sstem:
cul t wne (é)lcohtthuoosty sdpaiatigp thi progirdBnterest from therctsifipd (ighhe
conti nyou transferring the clarified tissue culture
Frur oo e et o CeRfiblayfis ety Ty tffie-
part i fede@cdnesmiatdd a8y pareally parided prbdwed ikblatel@ttining the protein of
separating the protein of interest fromthe clarified
ta0ssuB®Estt ure fluid in the purification systemto

conti nuously produce a sterile,,. ticlefree, . .
concent r atBYeAnACsGF BrriipRale wPet R hubpapiaons
cont girfdelPcdntiRisREO{# icontRbiousit o@Ring blyRoytiuoad s fision

aspect of the invention, the Proceﬁf S a . .
seni -feRAn{atign a delgrogenesys tissydtuie fiyid miyure eontaining g gyofein of

pr odugi-Rgt; oY) ceRiubiPishsReideltB BRue culture fluid mixture to a particle

25  removal process integrated with the continuous perfusion fermentation system; (c)

continuously removing particulate contaminants from the tissue culture fluid in the
particle removal process to continuously produce a clarified tissue culture fluid
containing the protein of interest; (d) continuously transferring the clarified tissue
culture fluid to a surge vessel integrated with the particle removal process; (€)

30  intermittently transferring the clarified tissue culture fluid to a purification process
integrated with the surge vessel; and (e) separating the protein of interest from the

clarified tissue culture fluid in the purification system to produce a sterile, particle-
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fermentation a heterogeneous tissue culture fluid

m xture containing a protein of interest; (b)
weomwbioseisrisl y transferring the tissue cul ture PCTIUS2005/035364

m xture to a particle renoval process integrated with

t he continuous perfusion fernmentation systen (c)

conti nuously renoving particulate contam nants from

t he tfiessaoRcatthted pd partially purified@odimt isbleteeonteiningahe protein of

rocess to continuous roduc lLarifi '
ot anares el S g0 R Grinf uBRE b i che SgRyoys
cont ipatfadisd ferthéndaivoh @rdckss@nd bentiabaus iphitiekt rémesliproces fsur e
fluid to a surge vessel integrated with the.particl
F emoinpetsbSEnely Sl pREb e i P PE R s
clsar ithiogghpit SIBEinGgttddrsemi-tahitidudue parifidativd proadss.on
process Integrated with the surge vessel; and (e)
separ@vidagidr Peachi¢ing Biethoas ofiIntedtiest fromthe clarified
tissue culture fluid in the purification systemto
produce aThé pfckdn®invp@iohiicdlef difeted eoaCappiramb &d sepaghting a protein

partially purified product, i sol ate_cgnt.aj ni th
pr ot itindrSttime blarbecRp dssye FHBrS fudmiRe KRe Ly dhe
the rgpxarii® cdniirRbg Naf DeonERibuk pétQidfonFefidfelti®system; (b) a

fermentati on process and conti nuocrs,ga{?tl cle renoval,
pi0oc eegntinuguspariiclaremonalsysien inegraied itk Bisdedinion fgpengtion

aver a9&.R0HAI(S) 4 ARtk AP pAURAAGEY stbhiRbERRY it fthd faRicle removal

i ntegfated seni -continuous purification process.

Devi cegeonheein dheiappaigiunisrapenis temajniie sefilssondiions. In another

Presefibect Wﬁ@h‘v&ﬁiohﬁh@%ﬁﬁraﬂis%@& fis1(@) ARNARRRS BbiRidhor

separating a protein of ‘Interest froma heterogeneous

ti ssufernlation eystami(e) arontinwows pagiskereaiongl, systere infpgsatediifh the
npr i : I IS - at | .

ot aisifgy e CHAUS (B3 i FHATRBAGH L, Q0m intcgrated

i nt egwitit thel pavtitla réhevapsystens whereih drerapparatus sradsgied wmpaintaid

(c) a,continuous Qurif.i.cat] ' € i .

Uho rBE A oD PubEbh St BRF PR dddhraron

adaptsgstet@r aBOMeative adiceptidnlesoptttintsy giers, orlany athert dystem capable of

aspect af the inyenti.on, the apparat conprises: (a).. .

2P orurifiet & Ty 8 Heararp af Pt Fo e fgiRcont Rt n

cxnt i daUMdgraRal donihius ersematomiyisdusstérilé sgteat asdievdribbd hdnein.

perfusion fernentation system and (c) an intermttent

puri fi cat iTae peycedsand hppargrsal ¢@ indehtior dre aguptedite pamit continuous

renoval syste wherei n the apparat.us.i s adapted t

el ntPPSESURERA heERERBTs Hivde SHRE HIF Pl oSy hpconstant

may, ARf raX afRlprticiler &Pect bt théefnivedtion] the Prosets bedapparatus of the

convective adsorption/desorpti on system O{Eﬁtan ot her

syst eRYEEpape@dytedsaPPIi GEUBIOUDBOEISEE §T HURFTPETRRSAissue
PIOt iyt 8ias bt 4 JuBSRiaIPERIsABEMSPHTe BBIoW the @rahdition point

of the protein in the pressure-dependent region of the flux versus TMP curve for a

continuous period and throughout the purification process.

In specific embodiments, the invention provides two novel devices (A, B)
which are each composed of 3 distinct but fully integrated elements, all of which
30  have an essential role and together form a uniquely efficient, continuous protein
isolation system platform that solves the problems with the prior art described

above.
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an integrated, continuous or sem -continuous, sterile

system as descri bed herein. The process and apparat us
w@Roobha9sssventi on are adapted to permt conti NRPOUES2005/035364

processi ng of a heterogeneous tissue culture fluid

m xture at a substantially constant flow rate. In a

particul ar aspect of the invention, the process and

appar at us Thé tltrbfediisthmeﬂcm@ms elreachadiajre et firstlypasy infegrated,

continu

ssin
cul t (PR B ey B T SRS Borhd ApEuesse (200) and
rat e thirdlgun ihegritedcuicéntationgpirificatrh sy$tem (308490 respectivedy). All

s TEA T I TR NAN AT et AT

pu i fdcorbd 48 dpcabRISA dethinbapeci fi ¢ enbodi nents, the

i nvention provides two novel devices (A B) which are

each ¢ orrpqs)qﬁloxﬁde Br thtegtdtetcdontimious od depni-cotagowst ed

el ement s, ve an essential role and .

t oget %@FGHF%WP/ %‘“@ﬁ?%’&é’lfgwé’ff FiPIB PEYECE @8 FYERG S VIST 0@l phich

| SOl afnio@mbdYiBieti¥lafd sAbivR iFigha ) S@hpt%Ss etd’iﬁte@xfa&mceﬂitﬁluous sterile

with the g_rlor art descrlﬁed abo ﬁ Eree g

ol e meHFailpionHem S0 il der e eyicg B (p

cant | HYRH$ Pighrki3§ E&nﬁrﬁ@?ﬁ&ﬁhtegﬁéﬁdeﬁhﬁ%&ﬁ}mo&%ﬁmtlye a

sterile surrgqlﬁsvesse (200?)|O and t hirdl y an integrated

conc edfiserationdeserption sysigm GP0)syst em (300, 400,

respectively). AU three el enents and thereby the

devel oped T8 evicesof thedaveation e dhesdy ingserefed wgh PReYdnore

devi Cesrifd g@rﬁefdntfaﬂmhﬁr@b%amus B hOMhovIReoRtiMugl 8nib @hted

integrated conti nuous or sem -conti nuous
concenendadwingplatiorm.cat i on of the protein product, the

i nventive device A (of which two enbodi nents are shown

i ¥ Fi BEVICBA conprises an integrated continuous,

sterile uItraf|Itrat| on system (300) while inventive

devi clategratesy rCay aqus Paigle KegmenalSystamd 1Q00) own in Fi gure

3) conpri ses an int egrated, sem-continuous convective

adsor pt i orffigeedshys@enalpdinaniy A Gopntiverlsvigedi dds Iigerated

' ”Ve”édnaﬁ‘uo%g rﬁ&l@ ?éﬁtldv%ﬁl éry%ﬁ% ()‘?sdd1¥¥'ctg)hcd?1ﬁ@ctéﬁ' to Y Karvest side of

conti nuous perfusion nmenter thus forma

novel the certtinnenspstiusien egnetasign axstant €ot uri ng pl atform

DEVICE A Integrated Conti nuous Particle Renpbval System
(2D0) Figure 4 shows a more detailed schematic representation of an embodiment

o 1ments are

of the inventive integrated continuous particle removal system (100), which consists
of a pump (101), a pressure gauge or transmitter, respectively (107), a connection
manifold (102) and an assembly of several filter trains (103). All components are

connected with flexible tubing and/or hard piping.

25 The pump (101) is a conventional peristaltic pump, which allows gentle
pumping of the cell culture harvest without any rotating parts or seals contacting the
sterile product. The pump and the pump tubing is sized to deliver the desired harvest
flow rate of the cell culture fermentation system, which is up to 15 bioreactor
volumes per day, e.g. up to 9.4 liters/hour for a 15 liter fermenter and up to 125

30 liters/hour for a 200 liter fermenter.
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Figure 2 shows 2 enbodi nents of inventive device A
The integrated continuous particle renoval system

W@ 1®06/p39588 di rectly connected to the harvest siBPET/0820051€35364
conti nuous perfusion fernmentation system(1). Figure 4
shows a nore detail ed schematic representation of an
enbodi nent of the inventive integrated continuous
particle ﬁhapmadurmaaﬁemﬂ&@@ transiiiiedr (b0 i designaglfsugh that it can

punp . (101 ur e t ;
resp é)% Lﬁ;ﬁ)(y t%sl% g 8 lﬁrﬁ 1a¥1c|)norI]n {}rlgm nltt ggsigfo%t heralae usable
asserpdzyreditiveeasmater in 4 dtainledsrseaehisoutin3) a reAlshble stainless steel
conponents are conn %“F flexible tubi n?I gnﬁlll oL, of
har d PSSP REISTRE ‘ﬁifﬁ%foﬁvfﬂ) Uge WRIRYRISHE Cgh L ude the use o
per i sfispbbdb thRitedEdh cah ko bgewiilizd py ipidigionf t he

cell culture harvest without any rotating parts or

seal s contag plekgit Ehibodeh&t tHeeC qpnedius inaniféle (1MANpPordid of fexible
punp tubing 1s sized to |iver the desired harvest

f | ow tHRiR® veth teipe apps (BDVa‘jYﬁS)aa‘Fe%PH’E’H’P%f? pigHile soregioys for

\Ah' ChlbRiddRohfRcdéh da0diB 8% Alter Rl iBsmHHRE witBolt cEémpromikng
to 9.4 liters/hour for a 15 liter fernenter and up to

125 |swtem§¥eﬁbm Prefsrably, thygubing dameterspesties trkiglddpngardind
@u 9&efcitids 8@%&@ Ms%?ﬁ:@% itttl?erdeg A ovh Sited Qﬁér@ﬁ&f‘/ﬂl &iteehhigh

hat it can be sterilized by autocl aving
| r r adiagltriressureq andishear.do pnashar persent gmbo@m@wemstaa¢ S thsdeile

P Ir ez Ocroﬁr?éc{dr%ﬁe&ﬁl §f5l'let thﬁiﬁé Pféc ard QbAHEESn DL GRldc AR NY

are- sta ess pressure gauge are
us ed. cohimweesigrybifigveldes withous vempietmisingasier|line ISuetetubing pipses are

of di sgcféé)g%/% Jr%ﬁl@?%%l?l%h&y%ﬂsoh can easily be

steril rrad a present enbodi nent the

Ci%n nectio r’l“hn’?iﬂ!alf tpaug?sgé]ngl‘ﬁ% g?dnﬁst(sjofgt lehdt % ?e%er&lﬂp 'nﬁl?t é)le

vvlthtublngc ropriate ste
c o n nddémicsl fflier traihd (amhmg/nam mhemam@nWldf OIéJd dmet dfglreaffilter trains open

|t t Wt t
ter e A RS ARy S P R A Y L e
t I d | fl |
TR IR -
back pine Sl fileer Andriss@sashowhin BigoteHgrIf pryaiseittd increase capacity for a

Al Brant iy op Seb s @Ay 19Ra? I HIF 8 RaRRE(H Bt mutive

wi t h mem&iiealraibdiaipa@livighstehévmi t hout conproni sing
sterility. Such tubing pieces are nade of PVC or other

sui t abl e pAkya@b&imdef the litvertidnrshown asiigurblythé 408)d filter train
cons| osfttheogsse?rtlbly ?102) is clvc\)/(s)ed Jﬂ: e}f ae lgr%sbslu%-sensmveprlupture disc, or rupture
pin, respectively (104). In operation, the function of the rupture disc, or rupture pin,
25  isto automatically open up the flow-path to the second filter train (107) once the
pressure in the first filter train (105) reaches a specified limit, thereby ensuring
uninterrupted continuation of the filtration process. Commercially available rupture
discs or rupture pins are utilized in the inventive system, which are otherwise used to
provide safety pressure relief. In a present embodiment, rupture discs or rupture pins
30  with a specified rupture pressure limit of not more than 16 PSI are used, which has

proven to be very useful. However, a range of specified pressure limit is possible.
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identical filter trains (as shown in schematic), wth
only one of the filter trains open at any given tine,

W@sg00sksnsss as an exanple in the Figure 4 (105).PEHUR2005/035364

filter train consists of at |east one filter,
preferably one pre-filter and one final filter in
series (as shown in Figure 4). If required to increase
capaci ty fRach mMpeﬁitef treinapthk ifittat tiraom asseablly if alfat @paratr:@byna

{11t apng Sefichuab i w8 Al IPu o e TR Biany ey second

an enficdaaRl06)fis dﬂa&tmmﬂ el vadve ts iewrexi mptﬁregils'o&)r aupturh gin,

SPeoS UL L Sl e APl YR ol gF o o
t 104 | he f t

Pie rlpt b éw‘arﬂie@’fan&ﬁ emﬁ?ﬁ‘ iy B Sl RS Sl

open diplutifelyfdnavt pRidliohQ ddpgolsestem dctiatbd e valves tasddlob e input

once the pressure in the first filter train

0 .
r eac ¥ PiCZeisaitive pragpure sapser (10 W’@ﬁ@cmﬁﬂh@ﬁgﬂnﬁmd@y autoclaving.

uni ntgsweiek, applfcamt tiRstVelcd Mabthe phert dbdigidddnPhisiAk GegGSture disc
Cbnner0|ally avai |l abl e rupture discs or rupture PInS
€

are ATTVRISERIT, FespreavelInAsPHAs @“@E‘i@@lé&{"b\ﬂm‘?ﬁﬁ inglpgg-term operation.
ot herwi se used to provide safety pressure relief. In
pYlesent enfhedinaklter rating is gt leagy |3s%lsoroﬁma|119rppt9feéabé¥ (g5 wntqad still
a spe u t
R L
Howe vasrwellaas) ralegant ofll depeic arfcﬁ ltbr partisles resultingiint a paticle-free output

Eglii'nsﬁﬁ' @@Fﬁ%&fﬁéﬂ?%@m fr ARl o Luéﬁ;titiai”
Uhe s oo PRRHREorieiall it Qles FaRLHls Sabbe bpf e curren

vl v ede%(gntdispoﬁu-kil’d filtew pdpgtiles ate agdpguch apSaitopuip ionSartoclear pre-filter
respectl ened, xt fil train

con’ aepl Qunrrdionngen 3% SRR coaspiglabtls
enmbodiseiigen2 WhdhRad BdidrilizeCbuakthvitl of @Fadadtienused
exclusively, and in operation, a control system

act uat es tAwan\exhMpis ob@piRsEnOEMbdieménd piithe (ilfveﬁhve dev1ce designed for

oL e Rk CheTa R SRR BF ol Rttt (16

digsc oa(ﬁgl@t@ of Had> ﬁr@-@ilt&fcﬁﬁﬁlﬂgs (H&%ﬂqﬁﬁ [Hﬁ’;ﬂ@it | Falllbrp. hces um rated,
rupture disc or (ﬁ respectjvely, prov

out st%?ﬁjmn @achbwgw%@w firghiler sppsiisp EvoEPbram P, Smf@rlus 0.45

final urﬂ/‘OlﬂJﬁlrralre@tl' g éa%hf‘tTﬂlselﬁi%ﬁcu%r @Hb@cﬁm%ﬁﬁh'aé Bden found
pref erab ¥ mm and st | pref er abl The

oper arartigy aﬂylues@frll for largs-scdy m@w&l@wmg@f nr@pmbﬁ@ntahkpod coagulation
remai g, R}g\ﬁﬁl ASSWellaaé g‘gﬁét{calgﬁen fiebRY #9 Qﬁ'ka#ltsqﬁ‘@ﬁdn?g BU8main
ot her part|c1es res r%apar ticle-free output

iy eadelgt@) FVilhe clarified tissue culture fluid (cTCF).

However, applicants have discovered that when using inventive device and
method, the efficiency of particle removal with a variety of available filter materials
and configurations from different manufacturers (Pall, Sartorius, Cuno) is
consistently and significantly improved compared to the respective conventional

30  batch processes.
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Different commercially available filter materials can
be used. In the current design, disposable filter
W@ apsibesss are used, such as Sartopure or Sart oRCEHS2005/035364
pre-filter capsules (Sartorius, CGoettingen) and
Sartobran final filter capsules (Sartorius,
Goettingen), which can be sterilized by autoclaving or
i rradi ati Gherefase, aher@xalrtmeatim‘deaiCpa@cswntesewﬂbdsmhencﬁcial for

t he inve vi.ce for
lite rl}s?nw ng‘é\e&ﬁ Fi YRS ra"l a| iy ?ef’OeSg é 1{%%{;?5‘4[}“1?1;?{1%&5@:
asse rﬁ&hﬂ/ab(e:lﬁl&)r aeo pai capsilephis BelB4Y, wigh &itér tpes ithat proside @ sross-flow

(Kl een | eat, Pall. Cor 4.5 unrated, 0.
Caach)PRGFIOB B B0 o Pl gy sl ioglon O i Temen
(Sartefatign P, Sartorius, 0.45 unf0.2umrated, 1.3 nR
each). This parti cul ar enbodi nent has been found

particul am yndmémboélmemloaﬂ@em&ﬁm@rmw ftediher irgig aﬂ;émbly
reconbl nant hl ood coagtu l'b q( aFﬂzjctor VI, as well
eiHgPRGK Yp.

genet{BRIcPprrsrs PR OPE fe iz e ik mghire disor

B- do rmptnregﬁ& eéspectivily] but sﬂﬂommgre filRPRAine P bﬁerﬁtﬁMSThe first filter
di scovered that when usi ng inventive device and

met hderin efibe aspsmbly dsyppgrabd ygika spesiied ifwlgtarminpd foading volume
VRY | GlaY b YRS Whikh Sperdidh & dvdlche Por (mangalllyi or automatic)

configurations fromdifferent manufacturers
Sar t dpithesexicilen jraingn themssesbbnThsspaeific Kading fVPl@axml&l gpecified so

| mpr 0&{5%& her agépérgnﬁgr}%n&a&gq&é ﬁrgﬁul%QﬁM?&;ﬁth@ﬁﬁjcur@&ﬁ&&

processes. novel inventive device and
pr oc eepturg gih isalobexchrsletdfibdvayeithe prgpsurpsiacradsehmasfegn usual

filt t

t Ihat ec!'uﬁ%%’ glgiagggg-: aﬁg ﬁl?%tl% ah fuﬁﬁ ) el?y lg\rzveﬁgfehg}lftﬁé gf tgé }uﬁr?éé%gihe back-up
wel | fdgr trafntehsulés| again unyxpmslpteth a@ntpn@mlfd@atwnd)y@pgﬁmg wpvence the
ggt f”esrgg%f ?d %‘éssgrré 1sn$xt%gsdea %Tﬂ)&l ng aﬁ ?%?%ﬁgn fl?l#a lia'ék H? ﬁltgrl{&rh

or f €l enen
enbodiiliativn iofwitdhed torunethet fileer p‘am(bé g, asdehiblyf anldtaﬁothd%rrbackaup

i ot B B TRk PR aE e e lpromisig e

respegzérim}e&,mheg@tenﬁtill multiple filter trains for
operation. The first filter train of the assenbly is

oper at ed Uik inlell &nSW &Cihbicd@oPledgadble gl ﬂierﬁedi tmaidiI@go both filter
vol une has. been roces after whic eration |
% ?,tc

swi t c198d al@,q,]érlocc(s & HRES lh]mr%%{ep@)va p6 GepsES ﬂél)&nmmum batch

filtefild fraindnéed 1& besidase Aidleythe Bt WIS fikerla@Adédugred for
volume i s specjfied so that under normal aqperating
condi RPGEe ﬂhﬁ’éieﬁiff‘ésaéﬁﬂl‘é‘e flpyirate g lifsrghquppand mexanwe Brggsure. The

desired absolute flow rate in turn has to be high enough to provide feasible
25  processing times for the desired batch volume. This inherently necessitates a high

specific flow rate (in liters/hour/m? of filter area).

In contrast to a comparable optimized batch filtration system, the inventive
device is designed for several fold lower specific flow rate, which is kept constant
(in liters/hour/m? of installed filter area) so that the absolute flow rate is equal to the

30  harvest flow rate of the continuous perfusion fermentation.
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rupture pin is not exceeded. |If however the pressure
i ncreases nore then usual during filtration, e.g. due

wao eooam3asskisual |y low filterability of the har veST/PS1008035364
back-up filter train ensures again uninterrupted
continuous filtration by opening up once the specified
pressure is exceeded. Follow ng an opening of the
back-up f iApplcantsraexpectbdly disaevietnd that aswich tomegpecific flow rates the
anot he ter tr
pack- gy e b ofs S MilFp RN P HRARD igner han at e
pi n iflow nsk alljlael inibateb ptocessepr omi si ng t he st eri I [ ty of
the system It is well know to those know edgeable in
the fieldltis hmiorﬂamt ttmetp thmo trhcohivdntienal batsh solatio.h processes, such

pr ocessli e re 0
ﬂﬁvﬁP%{}I}ﬁ OBValia eﬁ VSfOI {%t ?b%) F‘egﬁlble d e to r[? re %Qnge g lgi"rgtS Qiareas
have (hxlitEthhsmets)‘, opns ovo bearf dbsblate fkawerater &hjigiiy @indrdy because most

|p|r ? \é:r%;ﬂ% gﬁ hgﬁgﬁ.@%%rg%)\y gq}f; | Oé’r\’ﬁ-hgtiﬁgghﬂg Barvest is being

absol gatiectdd @Whé aé:8 bhtoh.t Mofeohéstht urpgsifg @bprsmu@iatetiﬁcrease in
provi de, feasi bl e proces g times for the desir

n .
bat cFebisyapklter farcif e T ryvh e tbed plloler %mamﬁﬁant reduction
siReci i iffterd doAMpLE akd hud mhAlStigEcos® of filter area).

In contrast to a conparable optimzed batch filtration
syst edlired PQsd @Rt | ve device is designed for several
fold Tower specific flowrate, which is kept constant

(in 1iter ghbowe bRheintéddsitdddnbauduk birgtle drRAhl Sotehlablirectly
the absolute flowrate Is equal to the harvest flow

r at e ayf conptanly penngeied o %S@fgelygq;sgln(ZOD as shown in Figure 2. This surge
Fer mepsay is%teﬁmebéeﬁ Blich HNENEPRSIRIAY o b SERAYRE Skl VBRI with at

at such | ow specif flow rates the volune that can be
plSoc eleastenet lhlpm;tyhané ong pitist pers thf 1atsy yplsrablyoethepgtiom of the

hi gheyesdefl %r@&d ltah]?e SeveWel Rfe %@&ysfg% &4l vk ﬂuﬁi&i?ﬁowever the surge
processes 'S ortant to not

conv evesiebisarefiyaltly hlzeckfolbatsm@h ccpnm‘éistgél@ vowamrlq ypughput of the
speci t I

ot et Gt B U FRoR e BPlne JRALEREHR st p fhimurn,

t 00 |mlovo?4 mwrsbedirailebdloww hoaltseandihll sreffegally betaw i|hpurs.
because nost of the tinme, the batch particle renoval

exfui pnent Agjptiean'tsctli@ovmed hatrrachvlewtproductussidence times enigdely
for the reover, . i-S] o

i 5N L he et B8 B8RS bR UR Rirple n vietd o

c apaclinhgtennfy uniteble proeait produats thecdly adlivingsnd off thaproblems of the
significant reduction in filter consunption and thus
manuf ¥ 8% ng costs. Surge Vessel (200)

In some embodiments of the inventive devices, the surge vessel is located on

25  ahbalance or load cell (202), as shown for device B1 and B2 in Figure 3. This
balance or load cell provides a weight signal to a computerized control system (not

shown).

In addition, in an embodiment of the inventive devices (B2), a buffer vessel
(204) is connected via a peristaltic pump (203) to the surge vessel. In operation, this
30  set-up is used to adjust the properties of the particle-free harvest stream, such as

conductivity (ionic strength) or pH, by adding suitable buffer or diluent. In this case,
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The outlet of the integrated continuous particle

renmoval systemis directly and constantly connected to
W@ 2@anspsss/essel (201), as shown in Figure 2. TPCBHUSMDEE35364

vessel is a sterile vessel, such as, a disposabl e bag

or a stainless steel vessel with at | east one inlet

port and one outlet port, the later preferably on the

bot t oan aptiohdienivieg system R0Hrand densarsgemofitor dwgishiresli coadition (206),

iag d ) (rj gu{?;fé gsaé[l{ ;E/,f"‘égolnz et { | 1) eél%g%{f&\égj\{ees&grdé%gl ﬁ%{a%ﬁetlcgﬁf&lupled

vol unsirer i3 utsétf hu\gcmau fothef mixueg syylsme,mucloaslshaiprstdneulsatmg devices
reS|dend% he product in the vessel at a
wnnldﬁWf ﬁ@“% 24 hours, preferably bel ow 8

; ang ﬁtl : Er efera eﬁ ;beliwA qujr s. Applicants
dISC = fdence tines,

uni quel y ssi b| ent ice

SO 1 it Sl Rols B iRl ARt Ep B EGEE: cofipp e an

p ; ot ﬁinfbgthlt@ldjdﬁtﬁrﬁl,oui, bteti e jtrasidtkation gy steme (300). Ehxbommabﬂs efithe

of the prior art. .| n..sone odi nents of the i tiye
Govi cgubht Bt ubeHT Sy aoR GhRpat or s i) gpd fcyele
| oad ©ED [306%0HI or rASre St3AWRrdsSMovE B flEaffdn Aedhd32303), a permeate
“g re 3. This bal ance or | pad ceII rOVId

S

aPURR,(38)e & Figie SPHIARH TS oSS angwﬂlﬁﬁ cell (309)
| nadgidta BfdntatePuAp (SNH.aHBRHorL it cbﬂlﬁrléeg Ylﬁﬁhmé’rﬂatﬂﬁ\{h €% of an
(B2), a buffer vessel (204) is connected via a
per i sinlst PressupR gREeq IO SRiger GA2)sprreats Bisswre gapge or transmitter
oper afzpo) ouﬂelﬂ bl%ssﬁi?et gaH?e 6rstraH§§i@telt (EO@d&sl‘Wéll dsh€recycle flow meter

properti‘es of icle-free harvest stream such
as co@d®et Qperaylorq,ut yetemtquiledB F) pervidspia cenfingensistigam of
sy ta
o oGl ho Bty dBRL prlld el 33 BELREly
condi ¢dlleeted, ZO@dn ordurttier B@C‘FSH:Cbr conductivity, are used.
In the present design, a magnetically coupled stirrer
i s used; Hovetive emigaditeent Ai2)comgrisey it asidision @y ffersay diluent vessel

shak e{ﬁ 458 pQrH'rlJt Y 6&%&/91%}&5&%% ol %R ?ﬁl 3% i@«gggl %Lvl-tgré)&%h

I ntegra eont i nuous  concent on (
Devi cscnmrs ® mmhtodwmémlbsmgbf thia lcm’rcelaradae isthhnmoycie 1o quadh as

20 SO S B Bl D BRI RO I Wi B eyt vsed o aust

contPmupﬂ@enﬁi@mhépmmdwiﬁﬁhﬁﬁamﬂmam ﬁmsheamdmmmhyeana

St ot i BTt Bunes iR P sR s Bk sp S e B S o

per megddgrotein stabilizers. Although in inventive embodiment A2 the recycle loop itself

acts as a mixing chamber, conditioning can alternatively also be performed by using
25  asurge vessel set-up as shown for device B (embodiment B2), comprising
components (203, 204, 205, 206) as discussed later in this disclosure (see

description of device B).

Embodiments of the inventive device also comprise a data-logging and
programmable control system, which records incoming data signals from the
30  instrumentation (such as, but not limited to, pressures, flow rate, vessel weight, pH,
conductivity) and controls the pump speeds according to a pre-defined control

algorithm.
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punp (305), a sterile perneate receiving vessel (307)
on a balance or load cell (309) and a retentate punp

W@ 3é)p3958Rirt hernore, it conprises instrunent at PORNUSI005/035364
formof an inlet pressure gauge or transmtter (302),
perneate pressure gauge or transmtter (304), outlet
pressure gauge or transmtter (308), as well as, a
recycl e f lAdvpungss€301( 3050311, Btﬁ)@p&epeaisﬁabh Jpumhs véychtadinw pumping

out | et s a_ cor nuo

concéh f}}(e Sé%(’tg'ﬁ glubdds A RKY 06‘6 %%t g%? ‘?—f!gr géals oSgiactine the
whi ¢ rsree@e"wprb@oc Strainh w@pﬁbayltsoiwcbmretdaﬂat this mz;:eefelcableftmpmmde
processed. ¥ent ve e

addi Pyt ger gHiergy opgraft ﬂ%nﬁe OVRYEL é)Fhef %%hlf purgp des1gns can in

pari %irﬁl:ibal%eblﬁécf el Gbdytie phimp i1y araditspurmp tGi3AB)k sizédto allow
sensors_ to noni

wel | flowt d t
of ¢ HabisbHUGHTTR ORI HeSEIﬁ%CHOé%@%W éat?S&ébgt(Ng%g el 90 mour

sensYepmt Of inkhllNAereRAUedal ddpbivdifBonlthe nﬁ@ﬁ}ansﬂeﬂcharaoterlstms of
operation, this set-up is used to adj ust t he

pr opehe FEBfiletiamgode Vspd | BiormeEReHRRSE 5864 @ sohust and
2s Cgﬂ%ta i Moo RGO Nw0BE Uebbech YoRddl 096 of the

suit fer or diluent. This set-up can al so be
Uded harvestctowietstfisinn the camsinupusenerfusig ferrpeniationn Theweigntatapump is

embodi AR a1f0¢; 4 f3Budt Qﬁ:&/ﬁle&sel éﬁ?@ﬂtﬁ? é%l?‘so %vgomewﬁ 1%

chanber, conditioning can ernative
per f ondd 0%lpf th@angstaﬂommtgérone@s ebntm@ousm@rfaéomﬁmtﬁti@n
devi ce B (enbodi nent B2), conprising conponents (203,
204, 205, Eac@pulasd diteflistetmpdulesr(307) arehissd @ allowaghststerile

(see 31%915111 %I’lél 24 s%Fllige%\ﬁg/%ﬁtogl)amng?QH . Sl“h%fop{nlﬂgl nominal
i nventive devi ce 0C oggln an

piS0 g rrasteuibdr evetghn tutiff is yh:tsantpasedwmﬂle meteouldswmglumﬁtheg)rotein

gg: a Swg:tcg%ts Ptf rre(s) n g@ sutPeg% Wrrglgé $a§tanrhav egggrlnggﬂts lg}lé(vvn to those
pH, dnmeuet IA/Vetrge)y amebnthane moktaiatshaich asnpolgeplmsiﬁfone hydrophlhzed

accor di re-defin ntr ol rithm

S0 POyttt s Fos R paT GG Eefte Bl e o8 b the RS

al | own@hbrhdgodifle dnde l’steﬁniﬁaiby\ﬁeacﬁdti@bh @ln(ﬂbtra‘ﬁ&ﬁ&Vngtvthﬁt
any rotatjn arts or _seals c e sterile
Ao eiregg iremspre, dGh ewegF Bt G Rerg Racap Grrease
pr ef esrahit:Ryldae R M Bvef RIS tefdegtibd. € | Ong-term
operatlon However, other sterile punp designs can in

princi pal pﬂ@h@ﬁ@chlscw@ecr efay §dvice PURRINIGEO S bRt iftife idTIRd total
tubing is sized to allow robust adlustnent of the

desi rédnfdirgios mengupiesteadn sTUalsReiRE i gBRl At rBepo! between 0.1 t0 2
I t erghQQhY volumetric flow rate of the harvest from the continuous perfusion

25  fermentation in liters/hour. E.g. for a perfusion harvest flow rate of 1 liter/hour, the
installed total membrane area should be between 0.1 and 2 square meters.
Applicants discovered that the device A is yet more efficient, if the installed
ultrafiltration membrane area in square meters is equal to a range of between 0.3 to 1
times the volumetric flow rate of the harvest from the continuous perfusion

30 fermentation in liters/hour.

In one embodiment of the invention, commercially available “disposable”

hollow fiber membrane modules (GE Healthcare, former Amersham Biosciences)
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per m2 of installed nenbrane area, depending on the

mass transfer characteristics of the ultrafiltration
wor@alosdsssed. The perneate punp is sized to al POMMUS2005/035364

robust and precise adjustnent of a specific perneate

flux of between 90% and 99% of the harvest flow rate

fromthe continuous perfusion fernentation. The

r et endrlised pHOWeves, ssvariety of encapiubatedamenatiyarssts aamnhogjule désigms can

adjustnment of the reten fl ow 0o 09
o ¢ he Ul gt A SeaRL Rofien FHaRlREASeRs it
f er meshaick @massitrasbisdilead @donﬂat'yrﬂtfw pitteatsi(ap. umﬂmﬂe\s), rotatmg

303) .are used to a ust s 0 erat
ér e lﬁleé‘?qnﬁ E@ddwméﬁf{ %ﬂ 1509 Af VBt 1P$ 11:11;5 Fp-att i ‘?fpe hfﬁ especially

ot i MBAbapIQRicA altrafiag6n bakettdPia b usddtbenéticially e ’fh@&‘nﬁ«féntlve
based on the nol ecul ar. wei ght of th?@@w %e

I n prod?
of i riesicesstincaikeyPaQVidOhigmassiaptirrege &htglgtigely low required

experdfRHo% KROMBrebPrddiaREminth Jab&‘cngr While'keégih g §fstenPéomplexity
nmembrane materials, such as pol yet hersul f one,

hydrdﬁﬁﬂﬂ@ﬁ@@mﬁwﬁyéWhersulfone or regenerated
cel lul ose can be used, as long as the entire nmenbrane
nodul e carfhpénventie dewf@allcw nof QIR PRLinBRTS it plgp truly sterile

agyf ocd tp 'tl?l% 1H"bérfﬂl‘aé‘cttoﬂ§ BHtRS E@ﬁorﬂ@(ﬁﬂl@ﬁﬁs achfevé®this by

expec at hydrophilic na erials can increase
ef f i cdesiguipg dll eroﬁucttqqeﬁaetlngcswrm peapanags tevitfestandagt only cleaning,

Appl i @Q]%ést?hﬁ‘z‘ﬁﬁb’r? ta cfl;g/g-fgt %t a 1ﬁ%1n$léc? F?érﬁ’tﬂ& ¥adiation. In

efficren ration
nenbrmcsentaanémdmgnSOﬂiWDmMmeapsulatsd wqdules are used ferrnyatimfous

bet weg c?e remot ﬂildd&%%\/eﬁﬁ? c\&%n ?Est Jlir&il]trrlit?ow (5 ?(53 e?ﬁtalftﬂ%umps

harvé% fom i nuous
[ist e ras*é {md tto a\Eucganyfpmmduat @amﬁumlmotahag vlemtnts hwdmechhmica feals.
1 liter/hour., the ar ea

be b 8¥]er01h fregﬁr& e@%g%ﬂ‘lgptg dﬁ%?sgiglg ﬁ%ﬁ%&%g %%g]%ssembﬁle(s) grleqlsed
d LS c Q’Mﬁée&lld)lfhhlﬂtl:)lmm@fldrlspdsﬁlﬁe Prodsct ﬁ%ﬁtadﬂiﬁg eorapdients ¢ng. tutiidg,

t he |nsta ed ultrafiltrati on nmenbran rea in.squar

ot or e adlgs) orepR RO GRS AT AeRtlsd and erigg Hgkfer

t he Vtﬁér‘éﬁﬁeilﬁlbﬁ?fdeWrtﬁﬂi #hdQberhtier. e w@éms‘arr@aastgﬁed to keep any
conti nuous, perfusion fernentatlgn inliters/

hpbadipiRpsRIng PT thp tefllg FEiem ffhe enyiopment4e-§ amirar fllow hood),
avai | ﬁ%lesamgllﬁ@ 2828 ifstruaRhlaB¥n dchfize m&fﬂﬂﬁmﬁmbﬂe&ﬁt

(CGE He hcare, former Amersham Bi osci ences) are used.
Fbmev@mbOdHnQﬂﬁrqféh%ﬂ%fceéﬂ@%fﬁkjé pretdesiznpdipduaday tcaﬂbpw switching

modul £, 065 ghle Qf’rﬂ}gc;?l%n 48§ ProRidElRc@ving Bad) % th\é’ﬁ&&%lthout opening.

nmodul es, encapsu cassettes or capsu es wt
enh anA@dium!s@cchmn of wbing modudese bags dsapryfefqbbwep@tm@rhyslsmg

(% 9 sedffE {u%fﬁgule%@rs rafn@f fﬁgﬂ 8&ile connectors.

Other future embodiments of inventive devices could also comprise
components such as stainless steel vessels, filter housings or piping that can be
sterilized in place, alone or in combination with disposable components, as long as

robustness and sterility in long-term operation is assured.

30 Additional embodiments of inventive device A are designed to process
material from multiple fermenters in larger manufacturing plants (A3). An example

is shown schematically in Figure 5. Further embodiments are designed to increase
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el ements (e.g. dynamc disk filters) or vibrating

filters. It is expected that especially encapsul at ed
wa@bkdors@as458g r at i on cassettes can be used benefi cPEl/U§20051035364

the inventive devices since they provide high mass

transfer coefficients at relatively | ow required

cross-flow rate, thereby reducing punp capacity, while

k eepithgowyslt nteaaafinexdtoryand neparative Mrﬁcemanqcchstcsmbm\'mg 2 stages

The i ventlve v, t nuous

Al so e FHLEEsR T 0D Koty PRERA Y epithuy i

aseptplgur@p)er ation. Applicants achieved this by

designing all product-contacting system conponents to

wi t hstand not only cleaning, but also sterilization by

aut ocl aving, steaming in place or gamma-irradi ation.

| 3 prEESTRIPEION OFMATHOD GPp USabG ®BEMICAPsul at ed nodul es

are used for continuous particle renoval (100), as

wel | as, Qqaeténtinocis patfisiaf fetrhensdtionnar¢ 8Mdted Beer b ddnglperiad of
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npdul ;R$ikie®proB e BIRART itheD PRIMREL 1§Hlaﬁe DissrédRedritldedn@iBusly leaves
sterilized together, thereby |Ifi/lng start-up and

oper dh¢ dayiceph @Lylgf @ﬂ,%) By éSlgggﬁe@)H@g (1) Rfetéﬁ c%g;uous sterile
pot enfai e 1@19199211 @Qsté?ﬁ (ltOB?thé il&‘r%& % p%)ﬁ?@@é'@nhﬁu&ﬁ@ through the

envi ronmen . l'am nar flow hood for Sanpling,
bag o‘iltratmtaswmgt @03)cwh tf@)déﬁ@d@érf@mrdlameﬁﬁ fiayyaate @h of the
present onb g di ments of the device, nanifolds are

desi gneolﬁ redundant to allow switching from one sterile

cgnponent e o%uﬁkﬁ%ﬂ GF the % in\ﬂ) grilé?é’cg))a {1) h&. e ¥ arified tissue

W't hout openi tl ona exc ange o

nmodul edueflushgECF) contibeyshixinjerpibe ﬁlygm%ywl%%ngn the surge
ster| \lle sel ‘éﬁg cf‘@l?régecgggﬂ@%ﬁl?g%%éssé ccb'ﬁﬁﬁ olug s&ﬁmﬁ{ﬁgfrétlon

Qt her ure e I'nventive eV| ‘ces cou
al so systamor(3 0% acofigpo reentgiakto die ey @temomlqusfsom theglontinuous

\éte :f ?p}e?fggan keh%%}t%toésbgﬁg% rglge SoanaHPSIZrPI%tm su e?s\%lI rel%mve to the
dios posiahied floanmes) et meanassidentgtias ofrthd&)plstlume $isthamebsel is kept at a
steriljty inlo m operation i s assured. .

Ada (T oA DS POy R Br o R0t eEY sk prgfersbly below 2
desi gnipes. t 0 process material fromnultiple fernmenters

in larger manufacturing plants (A3). An exanple
Adequate crossflow and thus mass transfer is adjusted in the ultrafiltration

module via the recycle pump (301). The retentate flow rate is adjusted and

25  controlled by using the retentate pump (311), thus yielding a constant and
continuous flow rate Qi of the concentrated product isolate leaving device A at it’s
outlet (312). The permeate pump (305) is used to adjust and control the flow rate Qp
of the permeate, which is drawn continuously from the permeate side of the
ultrafiltration module(s), and which consists of water and solutions components

30  small enough to pass through the ultrafiltration membrane (e.g. salts, small proteins).
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I's shown schematically in Figure 5. Further

enbodi nents are designed to increasethe overall
w@orveesssat i on factor and separation perfor mane€r/bg2005/035364

conmbi ning 2 stages of continuous ultrafiltration

systens (300) in series (A4, shown schematically in

Figure 5). DESCRI PTION OF METHOD OF USI NG DEVI CE A The

conti nuou Q“hp dofvusteoof pfesnermr(Qm argisteptets/igybde €Qipere oarefully

I ong

2" ok an€bosalFud SPFadPCRR iy LaELR B b BhRER 5o
(TCF)thzﬁont ai ning pr oduct, cells and cell - debrl sis

conti nuously processed using the device A A sterile,
particle-free, conc@mtiQitdagh and partially purified
product stream (the "product isolate") is produced and
cant i Autheisime tin&&ﬂ&ﬁloﬁ’rmtedmiadﬁstad and conpeitedabd thaB84 @dsiredBy
usi ng the iti.nuous, sterile

parti 8P%6“F8W§(§t°r%ésta§h\ & YN%ar vest is punped
conti nuously throug F/e trat| on assenbly (103) at

t he desired perfu5| 1n~ 51? flowrate Ch of the

fer t atio of t h

1 T P B 8o b e B Bl e
f | ui dsc(laa'GFér thetlﬁim‘hl' Imumuﬁdoyc@ﬁhtafnth Beositnlige at@iss B0 * Qh using

01) Fromth sur sel.. the cTCF i nt j pyqusl
oo eI B RGRR OIS MLl Sl EoneUREgtR y BF1 gif vl the
syst garhe&ROpundd (385) | ow rate equal to the flowrate
comng fromt he conti nuous perfusion fernmentation. Due

to the sm@idcedudlongated ark b@ltﬁ)lllé(gby the p&@ps (365)aintl (1 19, Qhe
t he ad usted fl ow rates, resi dence. ti

the pHefliEiqnsysiea ayegatqa by §roa 100t bt (3f oG sn gl surge
bel owel poyy.s, preferably below 4 hours and still
preferably bel ow 2 hours. Adequate crossflow and thus

n@ss trangh edseboSudih dﬁi’doﬁﬂndnﬂAQ eFig‘iﬂ”e)GBc figh haid sede), asterlle
nodul e via the recycle The retentate flow

rat e Stgamm@f buffcs gr watgr f@bwaqggm @ern H'ﬁssa's% Ads added fodhespngpyous

punp lﬁ{%afih&atmt Pé{&nwnﬁinqu/ A 2 CORShPNbw ARQS gﬁh (e er
flow rate he concernitrated product isola

| eavi aﬁglt@e@u@e (3 3xtTherefose, dhp qoaditiprpiof fhe isHate B@r‘??ééﬂeb’ and
pun'p cgoﬁﬁ@oukl ﬁ&gd %%h %}r\‘h%tof Q; s@r@ffﬁtﬁ ?)I—Inﬁ&ﬁtl(fnl cﬁ*@’ta‘bﬁ*z@rs etc.

e pe avvn conti nuously from
tZWe piﬁomd@%arstME@qu@ cartrelled atr af i [ trati on nodul e(s),

and whi ch consists of water and sol uti ons conponents
Qp +Qi=Qh+Qb

Furthermore, flow rate ratios can be chosen so that a desired concentration factor cf

is achieved by satisfying Qi = 1/cf * (Qh + Qb). Alternatively, this process can be
used to only alter conditions (e.g. pH, conductivity), by setting Qi = Qh + Qb.

25 The novel method of using device A also contrasts with the UF batch
processes (prior art) in terms of the operational set-point of the ultrafiltration itself.
Conventional Batch UF processes are designed for a certain throughput through a
low membrane area in a short period of time. Batch UF is thus generally operated at
the transition point of pressure dependent to mass transfer controlled region (see

30  Figure 9). This leads to a desirably high initial specific flux, which however drops
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smal | enough to pass through the ultrafiltration

menbrane (e.g. salts, small proteins).The flow rates
w@boopesasemt e () and retentate/isolate (Q) aPEI/US2005/035364

carefully adjusted and controlled to match the harvest

flowrate Gh of the fernentation so that:  + Q =

At the sane tine, the flow rates are adjusted and

cont mtgnifmdnmmnatidla odergher cwdrse oheseonds & mgwtessasicorcegtation

i's ach .i fyi hseeTocel
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concen tratio

usi n @ spfgads a%%eag?q %c%f)rg 1%11 r?glpt)%;%i _IB the meﬁ and%ter membrane

cant rseithRgli.to pmbrafle BulingdThis $outigg toeldfertine addacgthepermeate
(305)ﬂ Si nce outflow rates are controlled by the punps
( 305)UX/Pyert89%)  the ultrafiltrati on system

automati c draws om,t he sma

surge ves%Pyiaﬁef}lfpﬂﬁlﬁg%ggﬂéovefegﬁw ﬁvé%hé‘%‘%f*n@ﬁ‘?y fﬁees higher
(see Jrb@idadihglchgHttieh peidreaiol Btalled Wirafilirhtonshérattietire achieved
buffer or water for injection ft‘oﬁm vessel CF314 is added

Lo t IR PEATEAIGRRsioIend 4F tip PRSI %%Yee(ﬁﬁe #f Rlious! y
at aconstant )w rate (b using t additio
pAnp (313)h @P@%@r‘@aﬂ PRSI Ct“fag%a Silyiirfatned pmagagent can

can h)%dggcﬁggd/asqsgiovc@nu nuously adjusted, e.g. in terns
of ionic strength, pH addition of stabi I i zers, etc.

Flow rates are therefore contfolled at Qo + Q = Ch +
Q Furthernore, flow rate raH—os can be chosen so that
a desired concentra? f_acé d c(f:. i s achi eved by
satisfying Q = 1/crwall Ch “blkt ernatively, this
process can be used to onIy alter conditions (e.g. pH,
conductivity), vwish setting Q = Gh + Q. The novel
nmet hod of using device A also contrasts with the UF
bat ch processes ( pri=ospeaific peintatedufsn hersiHoer/m2
operational set-point of the ultrafiltration itself.
Ganvent i onal Bat ch kd= pasceasescoaffieietdeiniliggrebofrm? a
certain throughput through a | ow nenbrane area in a
short period of ti neulkBatanbentibtidrsofitheiongenartdd thy solution bulk
oper at ed at

Like in batch UF, the continuous UF is operated at optimized mass transfer

coefficient to minimize concentration polarization. However, in contrast to batch
ultrafiltration, applicants adjust the permeate flux J to be at the low end of the

20  pressure-flux curve (see Figure 9). As a result of the exponential relationship, the
wall concentration cwall at the surface of the membrane is therefore significantly
lower than it would be in batch ultrafiltration. For example, the present embodiment
of the inventive method adjusts a target specific permeate flux of approximately
1/10 of the achievable mass transfer coefficient, thereby adjusting a wall

25  concentration of only 10% above the adjusted bulk (or retentate) concentration.

The following Table 1 shows an example of a method for using device A
(embodiment A1) for continuous isolation of a protein product from a development

scale fermenter:
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usi nQ:o%?e\é{o?f ofAby using disposable flexible tubing and sterile tubing welders.

DEVICE B

Integrated Continuous Particle Removal System (100)

15 Figure 3 shows 2 embodiments of inventive device B. The integrated
continuous particle removal system (100) is directly connected to the harvest side of
the continuous perfusion fermentation system (1). This part of device B is identical

to device A (see detailed description of device A and Figure 4, above).

Surge Vessel (200)

20 The outlet of the integrated continuous particle removal system is directly

and constantly connected to a surge vessel (201), as shown in Figure 3. This surge
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(enmbodi nent Al') for continuous isolation of a protein
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com urter?lgxlla% S)(Ijste(r:no(qt()(r))? the?e%? treec:gi1v1 1?gociari§12<? Hnl}l)d,. while the other one is
connected to the semi-continuous concentration/purification system (400), thereby
feeding a convective adsorption/desorption cycle. Switching between both is

25  realized through a control system, using the weight of the receiving vessel to trigger

a switch once its maximum filling volume is reached.

Integrated semi-continuous concentration/purification (400)

Device B, 2 embodiments of which are shown in Figure 3, comprises an

integrated semi-continuous, convective adsorption/desorption system (400).

30 The integrated semi-continuous convective adsorption/desorption system is

designed and sized so that its loading flow rate (Qload) is significantly higher than
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25 The function of the multi-port valve assembly (402) is to allow switching
between the product containing load drawn from the surge vessel (201) and each of
the sterile buffers and cleaning solutions from the sterile buffer vessels (404).
Present embodiments of device B utilize a series of automatically actuated pinch
valves, which pinch the flexible tubing connected to each buffer vessel from the

30  outside to close of and open each line. Applicants discovered that these pinch valves
provide a particularly beneficial solution for device B since they avoid any product

contact and thus do not need to be cleaned or sterilized. However, a wide range of
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In one embodiment of the inventive device, multiple convective adsorber

modules are used in the device in form of an assembly of convective adsorber-trains
25  in parallel, similar to the continuous particle removal system (100). The entire
assembly with all adsorber-trains is sterilized together, allowing in operation
switching from one adsorber-train to a fresh one should the first one reach the end of
its useful life, as determined e.g. by a pre-defined criteria such as back-pressure
during loading or maximum number of performed operating cycles. Each adsorber-

30 train consists of either one individual module or multiple convective adsorber
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25 Additional embodiments of inventive device B are designed to process
material from multiple fermenters in larger manufacturing plants (B3). An example
is shown schematically in Figure 6. Further embodiments of inventive device B are
designed to increase the overall concentration factor and separation performance by
combining multiple convective adsorption/desorption systems (400) in series, with

30  respective sterile surge vessels in between (200) (see Figure 6, B4).

Yet further embodiments of inventive devices are designed to increase the

overall concentration factor and separation performance by combining a continuous
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?gg?g;gg ntnﬁt % Brelsenyer{llbodlmen SS Io%vg T 1Eg§re NS Ill%ntleoql otf %he particle-free

clarified tissue culture fluid (¢cTCF) continues at all times, in the same small surge

25  vessel. The volume in the small surge vessel therefore varies between a minimum
and maximum value. In another embodiment described in the text before, collection

is switched back- and forth between 2 identical surge vessels.

While cTCF is continuing to collect in the surge vessel, the loaded adsorber
undergoes more steps of a pre-defined chromatographic protocol, designed to desorb

30 the target product in concentrated, purified form and to ready the adsorber for the
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nmol ecule and can then be readily transferred to be

used | Vdle fime phesispiverieysledh] t he i nventive dev|®82rable 2

Example of nmethaod far using a present enbodinent of

devi ¢Eydlet/24 hasspetiafuous i sol ation of FVIII| ¥ FVI I
variants from continuous perfusion fernmentation For

each | Cableoiontime [k oduct nol ecule, a lifeti e8&iteria
is defined for the convective adsorber setitup e g

bas ed Appropr meznurredugtiesidgnes tae iirh@eViCGr recov 327
Typi ¢ ?Ilolllgctloﬁ él%x+ (fr%lﬂy mquI?E Cl €s nmaxi s
at ed

speci val i adsor ber| set-up has

been -used—m—sentr=contiuous uper atTom throughnmax
cycles, it is exchanged agai nst another identical

ags or ber $6 R in‘%\k&]ﬂi"}t)ro&&m{)ﬁ%l&i d\fetime criteria is defined for the

convective adsorber set-up, e.g. based on pressure during loading, or recovery.
Typically, a maximum number of cycles nmax is specified and validated. Once the
adsorber set-up has been used in semi-continuous operation through nmax cycles, it
is exchanged against another identical adsorber set-up without compromising

10  integrity and sterility of the system. In present embodiments this is done in analogy
to the continuous, sterile filtration set-up by using either manifolds and sterile

connectors, or by using disposable flexible tubing and sterile tubing welders.

35



integrity and sterility of the system In present

enbodi nents this is done in analogy to the continuous,
WGEL@riobwsss i [ trati on set-up by using either manP¢DUNR05/035364

and sterile connectors, or by using disposable

flexible tubing and sterile tubing wel ders.\Wen using

t he enbodi nent of the inventive device shown in Figure

3, right Iwmﬂl usihglth,e embsdigent of thetineativodevingfshewn ingligure 3, right

adj u n r r

i nj eiﬁﬁ%cﬁq , @5 SH ge ﬁeam ?ﬁﬁﬁfe& 8ﬁfadhu§1g1{1j gl% éocfl'i]uo?l stéﬁ@ﬁz%? th?t[on or

I Nt erwatdr f@nigjestiohriomdead sitter cdnéinweslyelr 1r(téi‘614t)entl§3 froop aesterile vessel

buf f ddi ti 20 erefore, .the ond

o e dvens & B SRR P TEGEOR: 1 UPRER sptgRTCr can
| §Ni Ge Fet 19 RGukted, R, matdldmstdfmlcos‘tresgta,qm laddition eftstabilizers etc.
Benefits of Invention The inventive devices and

r espazhéfite€ofdididids of using the devices solve the

probl ens of conventional isolation processes outlined

before (sege peagivaldeticslogd mupedtiod méthmsidﬁuﬁng thepvicdsisolve the

all e di ts of devices A and ctive
et GRS ISP, HRGTTLEoCeS BT LR BRE £k
I N pohaptduab bythdeiventigant al nilieu is uniquely

m nim zed, which significantly increases yield and

Q'Oa|d| ty Oin ?lﬂéiﬂfcﬁﬁﬁénlfs dﬂ%i&h@éﬂ&gaxﬁkﬂ'@ﬁc&ésﬂéb@&dlﬂétﬂ@ls of usmg the
pro ucts. Pl ant CapaCIIy can e Crease n cost
good Sleyiggppraduct fstdepsgdie ip patcpially g@fém}fﬁﬁ P@?Bé%'fl}lw

met hQgtginflddivARh SighifiBaBarbréREs Jiad afi qRlie JfdMdtently unstable
facilities or cooled vessels for internedi ate storage
of | #egelenkiolesisal piofisie §lant rarcdtypan bejiieiepgd prdipst of goods
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conti nuous’ operation ours a day, over ng
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equi pnent _utilization. Furthermore, inventive devices
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cont | nuous per
f er neniteadnily high degree of automatlon The novel devices allow continuous operation,

24 hours a day, over long periods of time, maximizing volumetric throughput and

equipment utilization.

Furthermore, inventive devices eliminate logistical difficulties in plants of
25  one or multiple fermenters. Embodiments can process material from either one or

multiple continuous perfusion fermentations.

Importantly, since the novel devices and methods allow completely sterile
operation, microbial load issues, as well as, endotoxin issues are eliminated, which

could not be achieved by aseptic processing followed by simple sterile filtration.
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25  conventional batch isolation process, in which the product (harvest) is collected for

at least 24 hours (to several days), after which the product is processed for typically
at least 4-10 hours.

Figure 11 shows a comparison of the resulting total isolation yields of
recombinant blood coagulation factor (fFVIII) from plasma-protein free continuous
30  perfusion fermentation for both a conventional batch isolation process (batch ’

filtration plus batch UF) and using the inventive device A and respective method. As
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was purposefully doubled to test the effect of higher throughput. After 34 days, a
short flush was performed with sterile 0.5 M NaOH, without opening the system,
and thus while maintaining full system integrity and sterility. After this, the TMP
again stabilized, or at least increased only at an extremely low rate. After 70 days of
continuous, sterile operation, the recycle flow rate was purposefully reduced in half

30 to test the effect on system performance. As expected, the TMP started to increase
with a somewhat higher rate due to the reduced mass transfer and thus increased

wall concentration at the membrane surface. However, 95 days of operation were
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assay variation), while the pressure remained relatively constant over the entire

number of cycles performed. Therefore, it can be specified that at least 100

consecutive cycles can be performed before exchanging the adsorber set-up.

As has been shown in the detail description of the method of using inventive
30 device B, the total mean residence time of the product in a present embodiment is
less than 3 hours, before it is eluted in concentrated, purified and stabilized form in

an appropriate buffer. This is significantly less then the more than 24 hours
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25  inventive process, requiring minimal operator intervention.

Although the foregoing invention has been described in some detail by way
of illustration and example for purposes of understanding, it will be apparent to
those skilled in the art that certain changes and modifications may be practiced.
Therefore, the description and examples should not be construed as limiting the

30  scope of the invention, which is delineated by the appended claims.
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product quality. In sunmary, the inventive device B is
able to achieve simlar purification perfornmance as

W@ ovpasEks e batch processes, while at the saneP€T/DE2005/035364
mnimzing yield | osses for inherently unstable
protein products, as well as, product quality issues,
due to the mnim zation of product residence tine. At
t he same Acoedinglabdis tebstslemtaad draathateimbadimgnts eflihe éxyention
due to the i.nherently hi . Lo
i mverprprRERE gt AR StufcRsh PR OMEh vikliora
i nt emvddtuieat intékkdt fiomghgiv dnefeédsirerqoim gneraty Bluttradive hbthe

been describ in.so t ail L. of Qi lustratien .
o e 5 Sink S ok B Aovsntith LG phjuda Foltht Risgoine
aE pardeﬁiipﬁ%h th&t@_ﬁ%ﬁ?g%k inl thefbrin ) méthedsf ise] _hl&lagplifa}t}iahsn;f the
changes an ifjcations ma e pr.acti ced. erefore,

t he %@g@msﬁ fﬁg%ls l?ae%éw;hﬂ rs?@ﬁwf@%%ep@@n% gﬁ%&tﬁmﬂt of the
as | ijfehiidig of 1€ scvpOBLthO hipgeh@ediomi@nt i on, which is
del i neated by the appended clains. Accordingly, it is

to be understood that the enbodi nents of the invention

herein providing for an inproved nethod of filtration
to generate a high yield of a nolecule of interest

froma given feedstreamare nerely illustrative of the
application of the principles of the invention. It
will be evident fromthe foregoing description that

changes in the form nethods of use, and applications
of the elenents of the disclosed may be resorted to

W t hout departing fromthe spirit of the invention, or
the scope of the appended clains. CLAIMS W claim L A
process for purifying a nolecule of interest froma
het erogeneous clarified fluid m xture, conprising:
filtering a heterogeneous clarified fluid m xture by
continuous ultrafiltration at a specific flowrate
bel ow the transition point of the nolecule of interest
in the pressure-dependent region of the flux versus
TMP curve, wherein the specific flowrate is
mai nt ai ned substantially constant throughout the
continuous ultrafiltration. 2. The process according
to claim1, further conprising filtering the clarified
m xture at a specific flowrate that produces a wall
concentration | ess than about 20% greater than the
retentate concentration
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3. The process according to claim1l1, further

conprising filtering the clarified mxture at a
wWGepwei39588 f | ow rate that produces a wall concePCT/EHS10051035364

| ess than about 15% greater than the retentate

concentration. 4. The process according to claiml1,

further conprising filtering the clarified m xture at

a specific flowrate that prédadds a wal l

concentration | ess than about 10% greater than the

retentate concentration. 5. The process according to

cl ai Wdglaitnur t her conprising: filtering the clarified

fluid mxture through an ultrafiltration nenbrane

having an area in square nmeters approxi mately equal to

bét ween 011 t oAPracksyder puiéyingi matsewlp of infessat frem @ heferagpeeous

clarif | liters/hour. 6. The process

accor 1?9d@%ﬂgﬂ§5#?§%&%ﬁe einthe ultrafiltration

menbr ane Kitlerirgre leteeagengvus qlatified fied evixurg by coxinwatsallpafiltration

equal t o _between 0. i Ce. .

Fat o ot SherdpE e o tperdglEBE phREoT Rl AL i hicln he

A pr @msBe-ﬂepenqinmt tezion g the ﬂmx(yblsumTMP cirve ewlestin fhespecific flow

tero enequs. t ue cul
5 npr- i SgemeR iﬂ% P%gj‘”b*f“g h&%‘ﬁ??‘ﬁ ﬁ’&&?“%‘é‘é’%‘%‘ém%%l“a“"“

fernmentati on process a heterogeneous tissue culture
fluid m xture ntalnln proteln i nterest

transferr ?ng I pees cerding s dain b Thytter ﬁ%l?rewgofﬁg ing the
cont icRiiged mpditeiatd %eélﬁmﬁ%ﬁ' ratB fIR€ f%8udehh @1 brRentydtioh less than
t he continuous perfusion fernentatjon process; (c)

r enoPoH Béi’&r?aéﬁlﬂéﬁpéhecréﬁﬂféﬁqqﬁ??ﬂgatﬂnom the tissue

gylture fluid in the continuous particle renoval
process to produce a clarified tissue culture fluid
cont ai ni ng- t helhewEpracsprdingtieplaisy 1, furgher perapyising, flteripg the

the ikl hSdulkiPsYRciGH lﬂwreeftﬂavmdﬁ&s Qw%ﬂ’ BbABMPHSN less than

purification process I1ntegrated wth the continuous
artmb@élﬁ%ﬂﬁﬂﬁﬂﬂpﬂ@@é§§nmﬁﬂ@n6@¥ﬂpmr|fylng t he

protein of interest fromthe clarified tissue culture

fluid in the continuous purification process; wherein

t2he speciflic lemmrom:eacoérdhﬂgéo claixt Urfertieh caupyfsingHdtering the

cont 'cgallﬂgi ? moxerure a pec1ﬁg rﬂn%r}%t%%a??roﬁﬁc%g § %v%ll cg Bt'{ae{ﬂﬁldg ﬁe%s than

parti Enpval rocess an nUoUS
pr oc ebsuti 19‘Vmeauetrahamebb stebtateanhéeatrationcon st a nt

5. The process according to claim 1, further comprising:
25 filtering the clarified fluid mixture through an ultrafiltration membrane
having an area in square meters approximately equal to between 0.1 to 2 times the

volumetric flow rate of the clarified fluid mixture in liters/hour.
6. The process according to claim 5, wherein the ultrafiltration

30 membrane has an area in square meters approximately equal to between 0.3 to 1

times the volumetric flow rate of the clarified fluid mixture in liters/hour.
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8. The process according to claim7, wherein the

continuous purification process is ultrafiltration. 9.
wabh@epsweess according to claim8, further conpCT/BE1995/035364

filtering the clarified tissue culture mxture at a

specific flowrate that produces a wall concentration

| ess than about 20% greater than the retentate

concent r ayj on. AdbebcesHer prifiiess pratiosfdntagstt fonch hétenoggneous

further copprisin é{ilteri ng the clarified tissue

cul t GFEeH! rﬁﬂglda{'%x % U £ | ow rate that produces

a wal | copgent grathiciy Hyes@ntilians pddfusion kafitegratat ocesdan

the retentate goncentration, 11. The process according
{0 e rEaeon L SO Y BEE FoT e A TRB OB PEET | g
tssue culgyur eydfisktrip@hdissde Qe fluiCmblt@wid aédtitiidk particle
produces a 'wall concentration | ess than about 10%

gr eaff @ﬁo‘tahhrﬁ“ts_ﬁ @tergé%t%‘t’i&} be coyrtmupis PRt den EF‘ZT_.‘GTTWQU process;
process ag§or diehving phkithi e BonthHnhMe frosARPHids®d Akure fluid in the
filtering the claritied tissue culture m xture through

an ulcontifupps pagtidlomersHprasas thaspHueg achariied Sissup culiia el

net er J ' | M | to between 0.1 to 2 tines

t he \?g?tglﬁg{g%éc@feglw&frug%éf romthe continuous perfusion
fler ment at {®n i warsfetrirgghdhelenifiedigsueThsurp floilde ¢ comfingped ng

to claim 8. fur i : ! fie
B e R e
menbr ane @vi npuriying thegratein sfjingarest frem dhesclaffipd dissuewtibiry fluid
equal. o bett ween 0.3 9 % 4 isrres the volunetric flow

rat e ' PEPTHEOR liﬁﬁﬁbﬂ§ ngsrf usion fernentation in

I'i t er s/ howhereitdthe #pepifio flessatt of thp urikthinei thrgugh the odreinnousf

interest .froma heterogeneous tiss culture fl ui .
Pxt &P&?Sl ARSER Proﬁg% {OPYHET Wg’gﬁﬁ e °88‘£R’???&So continuous

per f waiifhtibs privedsas msiftaped asanilljebestageneous ti ssue

culture fluid m xture containing a protein of

interest; (b) transferring the tissue culture fluid

mxture t@ a COR hrbstRsschalnite tiginl BR¥HERIn e @6@ESous purification
integrated with the continuous perfusion fernentation

syst @rqcessdy ukigfliationy particul ate contaninants fromthe
bipssue culture fluid in the continuous particle

removal process to produce a clarified tissue culture
f1uid confai ni hle Rreesprcserding tolainhg.diuglir corppyjsing filtering the

trangfefkl %ué Bend Abdidb 8 bSRUA0W Wit HhEprbhuikda ban @

i
surge vesse
concentration less than about 20% greater than the retentate concentration.

25 10.  The process according to claim 8, further comprising filtering the
clarified tissue culture mixture at a specific flow rate that produces a wall

concentration less than about 15% greater than the retentate concentration.
11.  The process according to claim 8, further comprising filtering the

30 clarified tissue culture mixture at a specific flow rate that produces a wall

concentration less than about 10% greater than the retentate concentration.
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integrated with the continuous particle renoval
process; (e) intermttently transferring the clarified

wo e@ss9sstil ture fluid to a purification procesBCT/US2005/035364
integrated with the surge vessel; and (e) purifying
the protein of interest fromthe clarified tissue
culture fluid in the purification systemto produce a
sterile, partiThepbedeaccodimpantingmi 8 dualnd cpaptisied ﬂil}eﬂng the
puri f rooduct. i solate contain the pr e| n
Pt e bl i Gitats Fouf it an e Rsbfagg hVing an area n
M Xt WeRaré eReHppioREnBen equamtbatv@eﬁ Dusb ofinfes tHFaAtuRtclr@ flow

process and cont] nuous pa cle renpval rocess is
mai nttale dom e B%t’QH?‘}Sé’FTf& ‘?éb%@feé‘ﬁlon nerghgiihcess

agcording to claim 14, wherein the purifi cati on
process |s convective adsorption/desorption. 16
appar at us 1or SepRreeass P@Oléih%rt%ﬁlélnhgﬁrﬂi‘%tc@?‘l@%%mgff“@?ﬁ'\“&the

het er 00808 AL LHIRRYRDGHE HitbSshiah lﬁltfllﬁma)ﬁ%f‘t' hfémbrane having an area in
conprising: (a) a continuous perfusion fernmentation

syst eayarg mptess appieximaidlh sqyshiothieteen PSrivV dimes {hstvetametric flow
| nt eqratsah b béhih sk ?Ffﬁéﬂc?ﬂ R dnfliTE M 3Ll ABuSYy St em  and

(c) a continuous purification systemintegrated wth
tlle particle rermval system wherein the apparatus is

q . S . =
accor di ng 1o chriseeot iRy s bt ptidbrescity RRARLRASus
per f ussiwercuirar fipil mixioe csmpﬂisémg adapted to continuously

roduce a,tissue cuturef rot ei n of
P eros @' 5 B B Sodoyitchs SRR JuP AR BoFsDn,
r at e;hefebygepecnotifsue bllﬂtlllﬁe fhed tiixtlne comnmingla psotsin Q)lfhnterest
[ Ht egrate W|th age t%gt ed t FFeITtI nuousl(?\: recei
Re tissucul FHETRg) “TSP‘BFH fu & PEKfUIC g conttnuous particle
f er Maghaddl frdce sdteiadmWith ﬂﬁtcblﬁuﬂblﬁd riﬁﬁlﬁldﬂﬁlﬁelﬁatlon system;

clarified tissue culture fluid; an %r Qont| uouf?,,
purificati®n siESNMEPATSHASCORRERS F/E tS%I Hispethtuge fluid in the

cont i gHERLYpd: rﬁa@fewﬁ)vmnﬁo&ks&b bfddeek 4 d15 5 tiestletcline fluid
fluid from t%e particle renoval system and

cont icAbigiRghePEirie BefsFoduct i sol ate containing the
Ppot ei n ofgyi Nt g5 R&rring the clarified tissue culture fluid to a surge vessel

integrated with the continuous particle removal process;
(e) intermittently transferring the clarified tissue culture fluid to a
purification process integrated with the surge vessel; and
(e) purifying the protein of interest from the clarified tissue culture fluid
25  inthe purification system to produce a sterile, particle-free, concentrated and
partially purified product isolate containing the protein of interest;
wherein the specific flow rate of the mixture through the continuous
perfusion fermentation process and continuous particle removal process is
maintained substantially constant.
30
15. A process according to claim 14, wherein the purification process is

convective adsorption/desorption.

44



wherein the apparatus is maintained under sterile

conditions. 18. The apparatus of claim 17, wherein the
W@ kdosas458% r at i on system conprises an ul trafil tPEE/US005/035364

menbrane having an area in square neters approximtely

equal to between 0.1 to 2 tinmes the volunetric flow

rate of the continuous perfusion fernentation in

liter s/ howé.. 18n aﬂ'muwpasemra@lg:ﬁproﬂemi aqhitgrestitoar i n

t he rafiltration S r

ul tr {efotgf%eto% SS%%@%’ne gl\%xlqqu cgn%gi?leg in square

neters appa)ommhyow@uﬁhsmncfeﬂnﬁmmans;@teﬁxto 1tines

t he volu ric fl Wrateo the nuous @:ﬁ’:{

eperfuswn

f er nent at f¥Yn |?’1°qq RS PR r%ova ﬁ’p‘g grta

sgparfa{ﬂegﬁu@{sy@teﬁf eddei n of interest from a tissue

culture fluid stream co r|S|n aconﬁ)& uous

per f usi on@er neFRTEPHY pgg 3%5’5“ itegrstedivy B%partlcle removal

par tisglgns enoval system int egr ated with the perfusion

fernentation system and (c) an _intermttent

puri fi cat Moereisie srpriaAtsdyRainBinedPRder sRElesaRiTiSe

renmoval system wherein the apparatus is maintained

under sterile conditions. 21. The apparatus_ according

tl® clai m 20, cEhpePRaTai: aceqyling tdaimyld; epngrisingent at i on

system adapt ed, BAQS

culture f ?‘ﬁ. d c{c:)ﬁlttlg?ﬁsﬁ r%rtr%?ln 9&31? %fsﬁtrﬁe%%gﬂé&to ckgmtmuousbl

par t ipcodmce eh@uabulmy@ﬂledm@n’welgg apedeimpt mtemsaatadalpﬂt@ﬂalﬂso

conti n%i's?e‘&q?kré’lu& glﬂ\ég,r e tissue culture fluid fromthe
react’or and con Y produce a clarified tissue

cul ture f (i d; aémlnmtsma@iele\reseml syisietneigregtaged witht dnd adapted to

d.t t the &l f
o PRy U Rt S PRRL G PR G PR g s
fslem aa@d) l@ﬂtm?cg;x;gl produek ?ﬁ&ﬁﬁéchﬁssﬁd aitufel fdd;tahésue cul ture
ul a puritica n s
and adapt g‘a o? ‘@ﬁﬁ“lﬁ?}ﬁtwﬂ GHeY g}e\gléat“?%ﬁ’@a’cqng f‘\fﬁ\%ﬁteedoto

tiss Lb@nmwoﬁsly ﬁecéllvwha clarified fidage awuu@eﬂw@ﬁrsmlthe puitdl€iemoval

the apparatus i s adapted to ngl ntajn sterile
condiSyste/pand continuously produce a product 1solate containing the protein of interest;

20 wherein the apparatus is maintained under sterile conditions.

18.  The apparatus of claim 17, wherein the ultrafiltration system
comprises an ultrafiltration membrane having an area in square meters
approximately equal to between 0.1 to 2 times the volumetric flow rate of the

25  continuous perfusion fermentation in liters/hour.

19.  The apparatus of claim 17, wherein the ultrafiltration system
comprises an ultrafiltration membrane having an area in square meters
approximately equal to between 0.3 to 1 times the volumetric flow rate of the

30  continuous perfusion fermentation in liters/hour.
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22. The apparatus of claim 20, wherein the
purification system conprises a convective
W@ dwenptsson/ desor pti on system PCT/US2005/035364

10

15

20

25

20.  An apparatus for separation of a protein of interest from a tissue
culture fluid stream, comprising:

(a)  acontinuous perfusion fermentation system;

(b)  acontinuous particle removal system integrated with the perfusion
fermentation system; and

(©) an intermittent purification system integrated with the particle
removal system;

wherein the apparatus is maintained under sterile conditions.

21.  The apparatus according to claim 20, comprising:

(@) a perfusion fermentation system adapted to continuously produce a
tissue culture fluid containing a protein of interest;

(b)  aparticle removal system integrated with and adapted to continuously
receive the tissue culture fluid from the reactor and continuously produce a clarified
tissue culture fluid;

(c) a surge vessel integrated with and adapted to continuously receive the
clarified tissue culture fluid from the particle removal system and semi-continuously
release the clarified tissue culture fluid, and

(d)  apurification system integrated with and adapted to semi-
continuously receive the clarified tissue culture fluid from the surge vessel;

wherein the apparatus is adapted to maintain sterile conditions.

22.  The apparatus of claim 20, wherein the purification system comprises

a convective adsorption/desorption system.
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