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WD 2006/ 026253 PCT/ US2005 /029877 5 A UTILITY
APPLI CATION 10 OF CRI STOPHER PETERSEN, A RESI DENT OF

wbMdERSEs3 NH 03031, AND BRADLEY WOLK, A RES| DENTU$¥605/029877

MONTARA, CA 94037 15 FOR AN "AUTOVATED LOW VOLUMVE
TANGENTI AL FLOW FI LTRATI ON PROCESS DEVELOPNMENT

DEVI CE'" 20 25 The present application is a
continuation-in-part of U S. Pat. App. Ser. No.

10/ 264, 948, filed Cctober 4, 2002, now abandoned,
which clains the benefit of U'S. Prov. Pat. App. Ser.
No. 60/327,911, filed October 9, 2001. Field 30 In
general, the present invention is directed to a
tangential flow filtration #ystem and nore
particularly, to an autonmated tan?entlal flow
filtration system forUBEPRABRHGATION ocess anal ysis and
devel opnent. Background 35 &pe filtration of a liquid
sanpl e by a nenbrane for purposes of purification
(e.0., by trsm¥akrPeferEEN, A REMER 6 ARHERERNECO30SY, AnD

cont am nant S) BRADLEOWOEK) ki IRasibERNOF M@NTaRA, CAQ4037abor at or y
anal ysis) is a well devel oped art. Toward such ends,
the flow of the liquid sampkenrel ative to the
menbrane's surface can in many instances be

meani ngf ul | y ¢AUTOMATED] LaWHVOLUME TANGENTE.EROWal | y

paral l el (i . e. FILTRATINRRQUESS PEVELOPMENHDEMIEE ent i al | y
normal (i.e., normal flow). In a tangential flow
filtration system a large fraction of the liquid
sanple flows continuously, over tinme, in a direction
essentially parallel to the nenbrane surface, as
opposed to a much smaller portion which flows through

the membr a”e-hhe%fe%a%{éﬁpnév%oé ES 2@«@%9&% ar&lf%aé‘éét Ser

nature of suc Pecoura es

cl odlgi HES4PHUMIPhHGCionehts 28¥nERRPARACISI W) W‘Sz‘g? bepAfit o ©

t angestPral Pat.fAppVBef. iNot 60£827,011, flgusOataer G a0010f t en att ai n

hi gher fluxes and hi gher throughputs than | WO

2006/ 026253 PCT/ US2005/ 0298 7Id correspondi ng nor mal

fl ow menbrane filter syste Because of these and

ot her advantlageeseralTie gpsank ingentpre isofliregted pP \eotaagenyjal flow
enplfigdes sf/sﬁ)erm fhd horaparidularty) td anHubied tanghntidg) flow filtration system

TS QG b o RLORERIES obbigbhgn devel oprrent of “an

i ndustri sca rug I'tration process thereis 5
often a need to tinely investigate and qualify certain
I mportant paraneters of tB&kgppotess, for exanple, its

menbr ane char fifet fidtish iof 3 liqhil Sambie By PREmBRAL irg WuAfobQNof

and purification (e.g., by removal of particulate or molecular contaminants) or concentration
(e.g., for laboratory analysis) is a well developed art. Toward such ends, the flow of
the liquid sample relative to the membrane's surface can in many instances be
meaningfully characierized as either essentially parallel (i.e., tangential flow) or
essentially normal (i.e., normal flow).

In a tangential flow filtration system, a large fraction of the liquid
sample flows continuously, over time, in a direction essentially parallel to the
membrane surface, as opposed to a much smaller portion which flows through the
membrane. Because of the sweeping, cleansing nature of such flow -- which
discourages premature clogging, fouling, and concentration polarization -- tangential

flow filtration systems can often attain higher fluxes and higher throughputs than
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waleooshopsrnt ,

dynam cs, the process' sequence of steps, and the
al | owabl e range of operating conditions. In drug

because a final "approved"” manufacturing process
often rests heavily upon its early foundations, and 10
the paraneters thereof can be "locked in", for
exanple, by early regulatory filings. The inability

t 0 agespoatied yormaviest meatraneffitert systemon Beeauseret e arerpther
J eoQWth&e@ WFeéygiS.ms Brerditbry pivotdi €iRpigyRe féHuiitdltin! ih idust® Grug

anufac?unn ng industrial scale process, potentially
dela a%%f? or f’rustratlng conmer ci allzatlon

Tr ad| ti onal rethR devgloppent pfan fdgstriab calg S8l iy piRB rocess T e
t edofinsy neeliSto rtiefedtinvestigete napt lyoglit) cgrhie Smpdntadt, pavdneters of the

per gggggqomamabl i%; mmu mﬁars&aéa.ce et'hé"%»@ bth Wnfigurated and

o BB FRTTEnSTHeEs S SBEY et S RAR, GasBy & Gaotgs
and cmqmorTFFFm giug cleveippentntimelineg$) isrrattionarly dmpgrtantbaepusd # final
t he “apfiavduS MakuRiuaRf procabl 6HERkdstaebyly Gpdnl it GharlyadGHdations, and
gr g?hg}?ra}n@é%rtw& b@qgcq dﬁg f%F eﬁaﬁlgﬂl yrégrlyq'egulatéryﬁmgs The

rocesses for In
Cer t“éP ity F%%%aﬁ‘aé‘w Byfsligafes @“ﬁ‘l%ﬁléa'%m?t%ré&?“ @Q’Eaé‘!ﬂel ¥aidsq p””ty
| ar gemenage deabilitynefc., id @paetultienindustribizecale ploeass, ettty detaaing
CUS LHRr dBsiafHy ca,%mtzgﬂmpr ocess devel opnment systens.
However, the 'Ica Iorsl’al an?e g el'gF er tcstS’tslevhl urrrﬂeg\ & ‘?}llr(l pegioLsS
of t en conS|dera1 and seem CT nry reseq Ch
ent irqppidive WP?‘WO(PQ'QQ thPhWPRB‘LF@QOFF‘é% 5‘8’?%@3 cfEMmesgreiferakitime,
can and efaeiwtdlis| nged e fod pn autemhatie Lpedcess develdpmeARIsSice that a

S ys tdg\m%)per-l:,gr‘r:3 gde t& Mé‘gﬂ ZRa ruHBFE 9?6@558%20% { I%datgrpségfé and, in the
"application onse

c Ong?%rﬂé%‘f%f/ arxtgrﬁ\?ttcgl °°'%8ﬁ&?rﬁ°£Fss%B%WthéBF?diey &r ‘scaling up”

Pr ovtiecsibiest progesses fas joidstrial-scalp peeralian-ver sal , and br oader
appl i cabi | i t ycdrtain desesrctn ghtiftesiaive rameyasaauumeeh@wa@tneeﬁng

d ev Id(?&%art}nént? {hgtb wﬁmtelac%d %&W g’e@!gh gtgorf?%t uﬂagroégs%L\%Ionent

an rrp , 1S a r con
W IR REERB 1o SHAEPIS B U bESPBRS Batfen e
bei ngd ssepagly adnlyyreseangd entities withevasttin- hd(lsen@smfcearand expertise can

38 IC%@&)@A% béws,s su&‘%ﬂgén ()a..u apos RydlnRl. MRS @,@.teﬁgulna%a@n
st agemg fo Ppi q&ﬁn’bwﬁmfsc grl';de cgr?s{!%%nt% enar/ &d%raI%)&anJed

mi nGP@“Q{Qd@PW"@?b@y and hence, cannot be squander ed
needl essly. |mrolidirghhore flexiblee madeamieersal, e dpbdice apglicability in a
exi %Fnbl@ glzrnﬁggzss' devEIFﬁeﬁt cﬁ(n@e s leof)lgtﬂgt,cy A%mmgéatllﬁ]ﬂm sample

aut onat e deve devi ces cap

conpP¥RR LG SRGEPr °riy Pa'Wié'!fﬁu"ﬂfgCFEﬂ' W&'é\% o’B?ﬁ?ﬁ’t'Cél and
dat arocedstrdiated issuas treing s@nmlle aguié¢ innthe sidljed ofeanearcentablgsiower
t harﬂang@Ql em a rnitdish 25@@1[&&6353115CT$M 1ok 1id B3y process

L. t
f ul IdeveYopltner'ﬁ {)ge Se& 'f '(J(l)vﬁn alre &teﬁ) \pa“ébqg %gl ?1|nute quantities, and

tang
fil thF%Ficéﬁ"%Eﬁﬁqé@derﬁﬁ)%F'éssb‘f concentrat| ng 0.5 - 5.0
l'iter batchesintdnt of theshinyel-edelspiigah elxidtiog hees s thenaare cd@ntly no

lCIOt q(ptznneélftwnaled e d)opmRHl ﬁgﬁsﬂ@{pggé of comprehenswe|y ac umng
f o:rpmeg? &@ﬁ d?velqérugr}ta? 8%? )Wltlg gg-lmém%%aér'p p ﬁ%ﬁ‘? requwemenﬁess an

gual?0fil.cati on, and validation. The automated process
is fast, econoni cal , accurate, and

tineliness is particularly inporecrts2005/029877
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repeat abl e. The automated TFF process devel opnent
devi ce conprises a reservoir having a distinct

wordositdaasct i onal mi xi ng zone, a tangential fl orCT/US2005/029877

filtration 10 nodule, an el ectronic data processing
networ k for conprehensive devel opnental data
acquisition, and a "fluid-econom cal" conpl enent of
punps, valves, conduits, and sensors. The device
conponents are sel ected an¥mmargust om engi neered and

assenbled in #ap weeér@qﬁ\@ﬁmeemamoianm StonddddO MhIPGlume
amn%gmtlglefrowtfj}rap Sdevncé) E%aglgl once%%t‘nﬂg%t ed5 (9 ﬂ?rr %%gcﬁ)e@ of a

and a acqur si

m nispTpe ¥®id ‘éd‘?sﬁ é‘l?l"a‘?% Ig4s.\PB¢ un@:them@s‘a@ereefe Com%we?@/ely

to |at:caunngod1dl acortliviy data Qsaful gforc Gengep difnkiestrial)t s teveloprhént,

TFF Qﬁ@aﬁ.% bRV aRIaB6HE e SRMHhAPRERESs lé/\l'a&l'chrWﬂ'ﬁ’dal BlRGrafe S5hY
@ "HRTFF" process functionality. I'n respect

of t’?‘P@ag Bve, a principal object of the present

i nvention is The apemgttd FANPALESS rASYRPMERn §eYiRe] APMATIpRFW

f il tresabvoi® hadi®y b Cstifdd rmultitunetioal | migngl kdnes @ pafigabtia0 Mow difration

pr o%?o%ﬁlg naeﬁecﬁon‘cg}a}agﬁt&la&n&ﬁngt&}ormﬂr] 'chngeh%m veY HHE data

qui r enent acquirin recor
usefaaﬂu'srtev ?"ar%gefw'dsee%{wé"ca'e\?%m% hef PysPst haéVFS %ﬂ"%‘&‘? Hy
t he sprsesentThe rewice icomponents @rep seledtede aral/os t uptdmhaimeered and

ful |a¥sénm)te@9f 5!4 Lﬁ\gsec&ﬁhtfed %‘n@ildﬁ?ﬂort&% , QBAEthdr ke Ndoknxlily
or. .conduc

Lr oc¥ g‘g{g ?" ﬁt'OPn aﬁ\gﬁ%r«‘i\] 4e uusnion and w&hng corﬁ apa‘rﬁve ‘o?/ mlmmura
P or TeEeHiPR NS VPR PG THTRAARSF cnEBypecormadai
Anothefitiondn] BEt sepératioh @rqaesdsdemdlopmentewithi (heni desiresl) PHRIF dand

an a.%pgpmg,g??sg }UH&tha"fl I'tration device useful for
conducti ng ons and a

Gota t heleanBureres SRihebions and o i bR et Gt
c ongirevige tag chutomaied vangentialHiay ifitygtion dewiemfor PR!G\J}%'“Q it e papaiation
VOl Wide&Q8TRd 15 B@ledwith iigha Bhrhid Vofunyrbdunethéntsd bndPSicaaiy
encl a%ﬁ % grd%? dé’@bs%ml %ﬁ?r&%%caqeoJevé?%p%ﬁtw Sé commences

decreasin a downstream end

into a disti néi‘m’fﬁ' RPIRG of BRPresenyiinyeqfior 1§ Rrovife,d tigdAme
hav i fally-irdegraed) setifacnttaiodd aptofatad tangentid! flow filtratidrl devices ot eontucting

t hanseB:Qﬁloﬁ %h}%@ﬁ&t fH hinfedl daRgleiveRine WRRERAR) and for acqumng
encl o reserv0|r inlet and outlet, and

pr ocaé‘g?cgrplnn%g{?lﬁ@%rﬁ%b@f" positioned or otherw se act | ve
in sai d disti Aeatherpbigohef thegrrsent Imentipiis frarovisisjag @vtomateq fyi

pr eswrtior HBK/QBtUséfﬁl fbrS cdnBucprigOofiidd Separatichbl tabdr@atqedling process data

tangtﬁclg%)ért])glrt \%\;Jel Etf gﬁd Qﬁ‘ @‘E) ét|9§yaré§1¥sltrncgednpéiyalva1r having a

fun nponent her
i oo P VAR TR AN B BP A 3o
200641xd6 25&s ROT/otigMst 1 ddniehded GecgaFing in AMern# ediaredijre et 2

of t(ilﬁ/nﬂfe@rﬁ edhll ihtB L BibtinNmixfg tZ8nd) @M i dikEin@ rhiRiRg) @6Hel Riving a
f OW sta |a fa fractn ongpvslm%ﬁﬂl \B&ﬁg Rﬁ)gnat‘\é ngs?aﬂ %{Z %ﬁ\ﬁﬁ cglv@st\(eam

eng efed reser
| ow 6P With® treselYAk ilebindioutst. >€P°h© prfeﬁ%éstream\%fe%ees“'oned or
r edugthengsesaenvean saicdistiant gimgadne. and tight sanitary seal

gaskets. 5 Thgnétﬁ’ér ogj‘%tr}g tr@eﬁ%htﬁh\teﬁ{bn%%br@ﬂ&@% bitomated
conj uncti on w

C oL seha oy retth P SRR oareT Ml 3Pfgp°afmf LEEy

and facilitating disassembly, re-assembly, and modular expansion.
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ot her objects of the invention. Brief Description of
the Drawings 10 Figs. 1 to 11 provide schenmatic

wo epses@sd ati onal illustrations. The rel ati vePCT/US2005/029877

| ocati ons, shapes, and sizes of certain objects are
occasionally exaggerated to facilitate their
description. Certain features -- e.g., the wiring of
el ectrical conmponents in Fig. 7 -- are omtted for
clarity. Fi g.Andtherldbjesttof tie @esent inserkiorlit 1o preddk a tangential flow

aUt ﬂﬁﬁ%ﬁ‘%\ﬁér\%%raﬁng b ﬂ%vatlr'élyfe'nbrﬁéeﬂew @&n@fr%‘eﬁ’%%s among

th e tb?r tge?]st EOH \)’%I r{r? @Hﬂ&ﬁ& nal érgxr%glozo%n aa tvgrgex rlefgucrng sensor
cr ogrsanggeant. e twhféaﬁ'ﬁweiﬂis'(?téveal ing further details
of the const rmuet fonswirdf debcriptas Otdneidére/ eh sadction 1ol the

t angcc &a%yrrlré)&%wr s%rli %Ble g‘fﬁﬂhg'gmﬁéem%dﬁg of tﬁ@%tbr@%ktﬁése and

180. gfh | ustrates anot her cross-section of
t heOPeRReqa 4 heiMeMBBonal to the cross-section of Fig.
2, revealing further details of the construction of

air jet port 106, Basttbesdriptibn 61Kk Drawingsi ght gl asses

140. Fig. 4 'Hdsu‘?’ttg qq %ﬁov@ E%Téf GWE@§e£ an&-agmmﬁ'at?orll; The

showi ng det ai 1S of
i || {Rafiyepeations, sharss: %F‘F &8RP cqrigiqiebiggs are fogﬂﬁ”ﬁéjy eXagqerAtiTge
ot héxcilitethitheg Slescriptiot. héerpiraeatnm e.gf themlirmg ofl§é€xtrical components

rel atapn- tapédm,@grfcm@gmyn Xi ng zone 5. F| g. 6 illustrates
a bottom vi ev¥ & Iusf’rat al?angi 1]1‘1 us cprn %.rrt(?n\\/atedetgé{\qenﬁral flow

schematic flowW he ' al
f | ofilkrgtiop proggsp @ﬁveb)P@éféﬁV'?fe\Pélcéﬁﬁ%‘P aa@mbe@mq_rm of the present
accowshtierg to an embodi ment thereof. 30 The enbodi nment

i ncl udes opt '#gd‘?'.uu&réib‘%t.d 8&%'5’3&'9:%19 ?a%k 11Thr%vé%mg Q8R! details

functi onal set of dashed

i nc PURRsconstiyctiopoly rvaneaﬁrf 16?a‘ﬁ’¢hebﬁf'? %ﬂz ‘iﬁ“&%’“‘x‘"g zone 5,
Fi | endiédketri 8¢. HRTFF) Modul e 20, an U traviol et

Absor bance Mocl [361uSfhtestdRBthét crdsk-E-ttionR8 ltfeOB ARG Eorthogonal to

Tang% c os ecF Jm 3’#’ ng(&t rrege d%r}ur(hl_lPJeF J: % ONRQ g%n%trtﬁbg?r‘ J):flag Jet%ort

illhu Iew, a tangen

fil t1?6a?"ddf?"‘rﬁ98[ﬁaes'gr'BQasZ%”Bsed in of the aut omat ed
tangenti al f|Rigvafiliubttatedtaitopvigw o esankde v, shoymedetailsleftank dd
10 4gccordi ng to an enbodi ment of the present

i nventi on. ust rat.es

t ang enti al I%QNSﬁIuTtEaLegPsrgelvr%%ﬁeinkq£1 owrngt hamon %fheir thrngs
200at'h%1|3¢§{"‘e%8fe'ﬂ<ttl1§9'PW'%%‘@H@‘{"W‘?@W‘WOW5sr ngl e

nmodul es. 4 WPig 6 (04taike 2 batomGieldBRd kbl 511/ 112 9 8 7 7
Fig. 10 ill usﬁda %’ ?&/ﬁ@ga @J:hgr(ngtrcqg\b%ra%%f f%%ﬁl?ﬁﬁtle@gngential

network 7 use e automated tahgenti al

fil fipwafifrafion p?f‘i’i%%s‘?"ﬂ%l‘b‘iﬁ‘f’éﬁﬂ" qeor d&‘é 'q @ £EBIHEH Y eres”
an Teerlzotiodieent imdudes eptipna sfemrtionah weddléson. Thé| qptiondl] funetiogeal
SCheq¥RIAC sEes RRFBIAEd BRs Ohcldddsed vmg‘,rr RekBitkions randertal FibR
Des%:]{rag?n gr&erg#)%édﬁ% 20m an(an%vrglgtnEbsorbance tl\ﬂ’jloldulg %O, and a "High-
Performance Tangential Flow Filtration (HPTFF) Module 40. :
Fig. 8 illustrates, in exploded view, a tangential flow filtration module
200 used in of the automated tangential flow filtration process development device 10
according to an embodiment of the present invention.
Fig. 9 illustrates an alternative tangential flow filtration module 200a,
the module 200a being essentially a combination of single modules.
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The automated tangential flow filtration process
devel opnent device 10 of the present invention --

wopmsabd2e3 t 0 an unprecedented m ni mum rel i abl epc1052005/029877

recircul ation volune of approximately 20 mlliliters
-- conprises a reservoir having a distinct mXxing
zone; a tangential flow filtration nodule; a plurality
of conduits defining, together with said distinct

m xi ng zone dgl 18 dlusratea ag elpdtiosit dfth pcesing pedwdriof used in the
nModulitBmatéy fahgtinGhl 16w QGRS prdcERadBvdidpieitOdevieh 116 RcddrdingQsliafl

SaMBhEodi il e SR 8flen, 2, PLUral Tty of pumps
val ves nd s6 or driving, regulating, and

acqui ri ng datFag dBd?JP sghematiq iearﬁFQﬂ'ta&MI rgseqvgir 180, showingothe
t hr oougls gaisthcf hivinglzape 6cess stream and an el ectronic
data processing network capabl e of receiving,
transmtting, processi ordi ng data
associated with the o gfragﬁ i S punps, val ves,
and sensors. Wh@“@mﬁ@ﬁéﬁf‘é@“ﬁfﬂw;fl‘@%‘@s%“ﬁ&ﬁv%ﬁve‘mﬁﬁﬁt device
deviieef kfk @rRadNt asventdtt-0rvhéresle [i6 @6 aBBretaibated Giimsh tréiRble
at r&Yr\(:ufa d&” \%m%rﬂ?' ?pr%@rlwéig)e% mel‘é@r dc&ﬁb@l&se{w—:se Onatnnéaa

process deve I'S charact Y 4
unpld@wuglhl{m%aongmngﬁgqal QSJW f'gr’atl%\équylgl a plurallty of condunt def‘mng
f undédgetberadith gaid distmctrmeixieg zo0e dralzpeid tangentigifiew dltrftion moediwes a fluid

I NCloR&ss s@éétn t%@gh%ﬁch'ailﬂlm Sfhplel@n bé BenditteR; ®plumiity of pumps,
di st é:lve%t anra]'sI ors;fgl]% ivin %ulﬂbélancgac%?r?% d& a@%out sald ll%%d samPne

conf'l I'gurati
haviehd %{’Wﬁ”l tWP'I’ﬁﬂ‘n?a{Pof'LlﬁrﬁmF'éa SireheRt Ao° ?ﬁr%%ﬁ g?ta tPHRSRASSE
m . netwakdagahle of mdceiging tiamamittirfy, pro@behac artdeecoalirgatatacissaiated

dat @,.tmhees&&.om@ﬂs@r@?&np@@w@%ndiéeasdr@ct m xi ng zone,
| ocated at a H‘o

ev
reservoir, ﬁﬁ’t %%‘Jnvﬁ F hPPFLEP dgeg‘éﬂpﬁ“egs ‘%H% r{0s phavles
enabwp'me}edc Uﬁ?qsﬁ Q@@i a@rmsaora@tdw 8yiq pample \plumgs-n Tpwasd such end,
S Ub $HeayRdck il deYeldpaitdeacsaiolig/crafmeteize8 byt uapRceddied combination

p OS 'é) %?Qg}hlqg'lc@ofnalkmﬁerre%%e% rféémrers Srhesle rﬂ%’] %‘e% |r%mﬁ %Htureerqcﬁ llrmed

zone - - ropri at
s eI & thegse ghridistipg mutigieions! 6}'1‘"1@@'?% e &%’W%’é“% °Ei‘) fFGtﬁ“P?d
and Ui roeesd isiream haviag @bhieiguinhelume campineshmegreat§Ghapf 20 ml,

sai Gk mwnmg.rst.mm B&Sdated HIle@khn@Baté/&Béé@?nerI omat I on is
enabl ed by t h'ﬁwe dlsij ?mlxm Z n% Igc erd%P gow s{rean{) e de

net wor k, conf i gur e Speerfrear col and recor
dat &esenais egadipead "YAW‘tﬂHd Fﬁ@?'%i?@?% ) G’i‘?blﬂg cpriiBuesipfacaeayigition
C ONmwviteih @8 SubgntRB\S fratidriziycinandr vblome.d @hee pasitioeng & .tigk resddybir's
al g%étg Moﬁtle@% Eé’r@ggtﬁ\tsﬂ n‘mr)g ztol?(.e fb@&%}%th Qéprgphﬁe selection and

I nvest | tanti

s alcEN o lon gL feycB s SSFUPY IRE RSy PEaep e soSmshment
wel [of sad towdifippm desireliatipmecidred.  Automation isceaebleshbyothe gedicated
br omcﬁ@r&gﬁmqfroc@&ﬁgme%ms Scdfigurddnipedinéaido kdlbct S@ keRord data

V.0| ume%lat%g Wi Pﬁhe ?pe{a%f)* ?1 devnIJ]gt Erl:\éﬁér%hqu%ng& QJff c1eFt to

bi opharnaceu processe

par tqe@U"l'"é?r (619t Ry Aear 'thm’F W’é‘?ﬁ'aﬁ?")tt'l*?e confvsl f thsr '"Y?é‘ﬂgéteSan: F
doc preedsat a amstbntiphydapdrgcaleequi red by 5 WO

2(1(16/ 026253TrPC§r6$4§2%&Jeie§mé&1d%v.8e & xeﬂsu.tédewlde&ewpmemm

agenci s to . :
TR aSReo o e e f P APVORRRG hBlint BP st iR S o
exarfpliters. tThe invesiigatien roh bioehermaspica! | fiftiatian; Ripeesses ameyer is of
I eC Qamitar Giterdat i Nigl ©CtHé &fdunt dh @athaid\weainiengticamgbically required by
renmoval of cells; and the depyrogenation of

bi onol ecul e solutions. 5 Al product contact surfaces
of the device are desirably, made of FDA conpli ant
and/or USP O ass VI tested miterials. The device and
its conmponents
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wEpshesd (at 500),

shoul d al so be conpatible with all commonly used
solvents for TFF, for exanple, 1IN NaGh (at 50C), 400

acid, 2MHC, 2Murea, 'Triton-X" (a non-ionic

det ergent produced by polynerization of 10 octyl phenol
W th ethyl ene oxide, available fromthe Union Carbide

Conpany, Danbury, Connecticut), "Tween" (a

pol yesoetoryt edencid) 16 OupHE xtal ceremejtigicude, sa-pEResspr dphbesae
gl y GiepharfhcBufital pRbsRE itlude, 20r elanBik; theOcdHedn@hi)oh O bilbractation,

80, 90 0i20% Rt 909 cgho
50 . L0 ool Vbl OGP ol
emb JeRYIPEFRELONSY PiPRRIGYIESEYONS i nvention (a) have a

scal abl e 15 Alensigettcpract eufagegiof e device lrrendpsirdly, made of FDA

capadthgibdt Yan@br LSS @Rkss VY &s@EattNsls.t FRe ABVidel 4 ifsCcomponents

congentrate sol ut.ion [ V. 0 ni [
so"egrSstialtndih e bed et it
Lo 860D SHC) SATPPT NPOFAEOLIpt bk QEPRABER Al acetic acd
capafai | Hely2M area T on-Ktl)a rvasikdicaleygehtemadacaaillygdyymeazaibn3F0o

gg follrl%llééhﬁ?@%ﬁﬁth)g%)elo?iﬁg g}/@k%@%ﬁiﬂé @gioug?%biﬁé Coff#Ry, Danbury,
o1 warBloul oot i peipaesish Aot el S 20 ropviens
r eqaiyeot ¥R Polysrriiae, 20 chPbiénolyedroaterdD, Blih ethenok 80% methanol,
t angeR isoprbpyf Aicnolf dnl LEB bbetdhitild @bester). devel opnent devi ce
cort ai n 1 espadt @, nt@bn dne FRELEELERLE R b o scaate
pr o&?”:??’lﬁrﬁ“‘i”h@fi‘éi’??t%i“g SaEmSPREDIfItY ol 9L eTYSIEME nd the ability to
des icorebitretecsolntiang) teracfinal oplurheef 20 ahlsing 50 cin2 TEhdwevices; (B) teye
1 tQ phessts caPARI to é()h&_i 43, @ ihbveZPpré&ids Rinptaile chpdbilitySto
igg%g%n{gb E‘e!vle sC érr|1 Q %trJrlacgyelcl) €-|3Q, o‘?Eﬁ‘Pa{e'n%e' r(egséltesvl%l‘ljdl;taglg;nand g’rg
,ahd’ I's” “capped;” at’ Tt open P, Wth™

ul CPTPREAR tWith rARPlicRRH leullic-ganp(ey privatersegfpit standigrds jagdiat fegdatent
I Nneagaitameedsy at both interfaces utilizing sanitary

seal gaskets,  keLeompbleflt SASK Glored ERfNtiaPASE BABK Blocess

119. Base 102 provi des a stable suplport, Tor reservoir

100 develorag}t gaudce 0 dgts nnovalivaapl 1d) draredifiires & G5rAY [eaRsgts by
accds distirgt ynixviat fonarand nhee prpwgidny thergin naf csamels diquid i senouis)l ed
30OI b@&abl&%nﬁé{r#iﬁﬁwr wtaah 11t iaeﬂm)niirdﬁgetw tb 8. & howh ik |f€seWBir
an ereby. .cl.o , or | .

oo SR APt e B RS SESL 4 g
cl afpPred \ahds opHoleghWith Retfuncipealntankokd Hi‘/‘t ot e rfeal (ie effpcted
scr e‘n_nevatimly! Pdpth andfatds@tilizidges)ani_marsehie;a_sletrpl.eo,_yliacbasket 109 and
Ml pbdeyaslet PBaBadeARE plolifles bthnleSuttoR Yor ASEHvAM 108, R sEHETRRE

of functi | 35 co nent to,, air je ort 106,
O ¢ PREJToN. coi e EEHEE R tidion yiihianRrreq ol (rpevor outer
sendd® 169, and vent 190. As shown in Fig. 11, the
reservoi r 100m@fifuriceonk tdnklid nas isaattaehablé fol antSthereit @dsBg ltank
vol i S tr .

l‘l'ﬂ?ﬁ?%"l agppil rév%'ionlglf ﬁ%}\ﬁjﬁ)& 'I%Qra]amp 108 lsvp\Jﬁ-:‘lfeCr%bly oét%ollar clamp

subst a -Ccy I cal enclosure _ )
2006PB2B293 FBET) TREID O5242558Y (P 9.1 558F Clip PO IR KR S8 Pe
comemplogs. dW¥gitilgadionay tank lidnt0éris @rovdediwsh ex huratter &f functional
dowpshpdRas, 889 alr M Qo 168, Siltrb &Mt 16VeXdeNshr 268 Cambient[RRperature
m xi.ng zape gvhn?igoa substantially fractionally smaller
" SFEFIOIPHAR Y AR % he substanti al | y-cylindrical
encl osure andAsgvoved g 1o Hbe resengin 9 of Rpfet'd Rap@ continuous
I €S aitarge! rvoiumk edompddhg b @pstresre rsubdtantiaiycyliadricdi3&ncloaurel wanich
| east one process stream 5 sensor (e.g., 160 or 165)
are positioned. For purposes of rough non-nuneri cal

6

1. 1% phosphoric acid, 1.88¢BUS1005029877
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quantification, the substantially fractionally smaller
SFS vol unes of the mxing zone 5 is conpared in Fig.

wd doobm2e2exjual ", "smaller", and "fractional |y spel/Us1005/029877

volune levels "E," "S," "FS" within reservoir 100.
Provision of vent 190 in tank 111 enables control and
mai nt enance of 10 pressure in tank 111's internal
reservoir 100. In one node of operation (i.e., a so-
cal lagets {do bibewide werimgneesciecieasap in iftemnel dibB@ter) ot € ipwetctatnend
al | o ditine HihglzBnd® i hel mikidig zbhetshBs a SybstaRtiRyLehcdddily smaller

: EZCS@%}/ Of|l!ln'lfles$ﬁr‘1: %e\@ﬁgs‘ia% aﬁ?gﬁrsl‘d?‘lcgl e%fdsgretgnaeg % %g‘ hmo@atlon

t an K”“F'P the 158vRibiPIRt 13804 RS VOrr Gytle ﬁ%ea"a@&'ﬁ?%t)%e process stream
det sensorn@igi, o180 afr 16B)eark | ysifictied. eVFet purposehef raughk ndd-ddngerical

I esghahirchtion ARk su9§§}¢t|5|@|fractlll%llﬁ§m& SMBivBImésSof 48 mixing zone 5 is
ul trasoni.c u trasonl

o] GRS R TG srR, an Rl Pkt RS =
168 “&'ahShdthip seserveiv!Ofet ermine fluid | eveI U trasonic
| evel sensor sravissnweldnt kaoomank M 1tehebiardontrol fvel ditérandead

Sengegsure in Q4Hk i1 mémﬁnm teggw.r%enﬁsne' Aae: ﬂ%ﬁg’ratﬁln e ield

t 1 on
o Sl LU Rroseie) s 1] SevET Tl eSO BRE Lo athe
t enpwteat Wraad therebhftusimoaiaste exressuighd dppechwiihin thersystehs, an
anbi ent t enpetmalotheth@e B&MJoneh&Instdllsd in sk a4 h@dwdrlntogétm ®r

pr O)tﬂe ac%LXaté Qetgrﬂﬁaw to&@%q@hg e.ngY !he %a%psﬁj{ s reAngAI RJB central

t enﬁ@?’&t Which i é‘&d’?"ﬁ@‘é"c '?W‘?bs“@ﬂi’ a?6§ h@V éff"l‘t?ﬂ% %@F?R'f d@Rfs and
t 0 sisitoey the' refledtad aigpal 0aSE | 188 cae beaséd ¥, damMrmine Uioid Nevel.
' t Qlﬁrgsom:é lév@lcste%oﬁsdaré REBLBG] in\Met 41, Thg' Sre#él’r&d’ %%'lscob%ﬁae

nation evel .
1 yapbpeee i aREe R S bapbaer oot e meat § on
can form on t¥iece thelpropagatien @ spusd isl Effs%?ﬁs amonpether hisgs brige
t 0 SdpiperatbeSof freatbdRAdrough Whial Birslels AnSambit tampertért s@36rt169

106|sI ﬁstéllgéqrﬁklé%dprbﬂmg’l %t?e Bﬂ'ﬁé dme(/éﬂ Er‘?sopl kﬁw@i%ﬁnthrﬁperature

| evel sensor us rate 19 llbe
por £enef6! 6f PoWRLoUSIRFFAUTeR tegtPPTatF pdings ¢ etcl?fadﬁ‘?jﬁ'% ing sent
noz &l s}ten dWapda ploceshisgmetvairk & eherewpon, 568N be Brtosed tagether with

andQruBsAkeahidig n{bmaﬁﬁé‘&été?mm’étfbﬁ bR |ev3|0 I n accor d
with one aspelg of Jgr esent i.n nt [ 8 St 0{1
of the sensof S parsaecaur?ul es |n reservow } con enPatlon ca rm on ae
pr o&Easonic ievelsarpel 1 Ipadi ’ﬁé%?%‘f'%ﬁé?fdws‘t hT°r?V°'f’ His. ?Ib"!"tlétrﬁm
ar eao®ik irlsfamedrie 8ege\peoxImity Sﬂﬁ;asmme\ﬁégseﬂm e6thasi ilustrdtaisin Fig. 3.
and Aior‘ et pM){ 08 dié d&?sf ﬁ\raﬁglré/am (Ié Wﬂo@g@ﬂé 952§Ie fowgrd ’theaad@'éf sensor

sensof and con ct|V|r£gy Gé) are installed in this
ar ed %8 [TV EEor RgYenfi °ﬁ'?d€ff's€f' J787%°8 Wedgewood Model

1600- 1200- 00 Inetasrd, withrede 8e¢t @fthe prasant ayveantiavd atdedst/neypf the
et @Ensdi@ AsddSto BERITE trakdmit, ahd\Véedaeprest ibrRtionBd posdidned within

rret %{e bg%%'gg Fnﬁ\{l@ rLs%R)oﬁﬁgg %é\gg%a%l}ﬁ pg -Ee‘a&a?)olj\&geynpreferably

94om0 seppiss (e 8 @HS8Rso1BY ca%rcttVéwefoak e iplaladdr toisiasa §H
senseter 168 ds eplefetatly 2 WeRdgH@6d 0RME6®RH31600-1200-00 meter, and
PCT /térl%ﬁék;le%oﬁ&%&w meleP 168! .ﬁﬁ@feraab AliatBeiddd MdBel B0 Widief,

Sor
B R L e L PR
and CaffgnFR¢078arhe it gbnser 16p grdtpmrerdtuse/cantludtivity sensgicted giemeld
sensor(s) is inportant to the acconplishnent of |ow
fluid recircul ati on volunes. As shown in Figs | to 6,
the 5 functionally-probing end of both sensors
protrude into distinct mxi ng zone 5 of the
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wo emem@skequate fluid for anal ysis and data

reservoir 100, thus allowing the majority of sanple
fluid in the reservoir 100 to drain out, yet still

acquisition. Distinct mxing zone 5 can be provided
with a magnetic stirrer 150, for mxing fluid,

t hereby yi el ding a nore honbgenous sanple from which
useful data can 10 be acquired. The operation of a
magmatidce rettive toaiie r@Sdvoirr 08l bys senpa tattavhem @lateoi28 (&ingamts 121
r es ghd 12byhn¥ %&&&nédﬁh@%b@ﬁln (mtgemsheé 4nd 1Bg ustrati ng

the acconpl i Sljpn? HQ&I?U%I' |n?taIth| (flthré gse%& Qéﬂsorggls LI{F%{‘%’X to tng

protrusi on of unc

sengespaplishment of lgy| fiyid recjreulgiipn ﬁwrg@nsdﬁs %'U‘ Anfdospt dbesthe
1_66@&05311@65.@4 eifdedfadOisadars protyuds @ Oistindtoidixing pére & bicthe
m X"éggrv& S thwéf@\knﬁ@khem@% @aﬁnpﬁ’er ﬁuoclﬁ qat r@QarJonabo to drain

rev traln vort ex
P or ﬁ‘éft’ietﬁﬁ' 'Ieﬁ*’(‘f’ %?@atslﬂv §¥°ir ﬁ’?@%‘%?”“ﬁ%@ ac‘i‘WS Tial operation
of the m xi ndPistion ixingzane 5.dan be jpeovigedovith @arRronpticistirter AR for
and mix@ Muig, teeéby Glerifg @Smoketfimogerdusl ile frbagchauserul datla can
eSS0 bLfhaa! w@%{pw&ln%ﬁ al oMLt 1 m%.namﬁngoimﬂg 5357

ransm ssi ve na
an Eﬁﬁ@}'&t’c&ex @gﬁatien gatgnt,agy fliuat?ﬁ%gc e &5 Iléhme]ntfg Ioa/ regrg@ahon
pos vehingn Bathe prokudiotof thefupétiobadiyrkrobiQy entid ofdite sehsprani. e buty 161

Z0oNgs pH k@Hsgeted dhl %roaéﬁaesv\mérﬁaermﬁ@coﬁu@mn; ls6RB 1658 Mo the
Opel;r%tml Ozr})%e Ofrhgnal o%sta r ange:w?i hgt r% §e§ z%blteors’)gtﬁ<tar\?vma
occUrTances PHEF Bn 8 ot fe

ope FAETFheres eEation. rmy I i kely be I ocal i zed Thus one

can i nspect frarvisexigmspezt lhhenterrfauanetanmnaltﬂeympng)innngareknlds

SI | k%o&rano%@ Qﬁtﬁ’ Krént amf' ‘?eap QSﬁtQja'sQeQ 196, Jnhemﬁﬁagﬂfégé Qre essentlally

cond
> Ppiees by S Chon SR st or St B RgR Sbial st
a cmhich aradperator canminualy dispect sanipleVielid. Srpositipn ah thenkettop of taak
I nspecdt itrQan\d 2on® 8 tardeind@ed wiekd<@dry sigfefeiR t4rR lbperatlons often

Obs%cqbl? talnc? E{hera t130(?“eslt-§*gaef‘)llecgystg%Co@:ui;]'gnc@g] ﬂulaty §ans1e%dsio |I§r(;,Z (or other

dev jopasatioa dgue) gnay "‘é‘ii’é Be 1o5RAt oFYBete °laP1 éﬁSp?f’éfP' eé%(‘ﬁﬂ'eoih?
t 0 advtandiggebing ends| af &pth|semsersofhe Sperhtion pf thei rokadetisystitrdrethe
fro '&&ndﬁ@rd ah& Qfarlt? i cﬂ hatamglle aﬁ;ﬁﬁ Sandlth® FevdNds %Oﬁmp%n ﬁhuid Nas it

\é\'r eﬁgcmagﬁesgd;n?ﬁg )/nao)l(fmum cbalnage I?ér/eq &ua'terlwuman vusu.ta| m%ectlon will be
co ntthecs'hos'sﬂi%il aeang &ﬁﬁ'@ﬁeaﬁ@?f‘éhe ¥sa ﬁkmaﬂ'ﬂe pralypip is\Alsa @essikiet fFer
a | agdtple, drid@as UderaqihbdelBofi€GRicy,BLdh at @Bpecheotoimgter, that can

JaC%gP%odthdvg %denﬁéc@ap.@eruf 85 J{E ov.d&rb?%éf%ﬁh;nnrr&ugpmg%é;@

out 14 298 0s. 3 "t%c“é’ﬁffoaﬁ"%m"t DEBRAN] he psept optical;elemen's
180 nawelso broimplogeer t he di stinct m xing zone 35 5. To
ensure that f'i'dfihéi'ntéll'n ORI in@driberturd) Bk 4 18is provided with

r es%r VQ t 180 surrouné)rgqt reservzobq?? t Ege Fg%olntﬁgk t %’Od&f';e%rangﬁ%hal

excRdAGe,

r es@repdp thf°“@h‘§fﬁl‘fﬁ Hhiyiad w8 floy fﬁ%‘“ Bépinieht§p ﬁé‘h?tlt ARG qufigy 189.
spi naths edscalrieet shbven @Fige,ij@ket 80 daae eot@bvet the dlstlresm(iug)zane
100 5bef005,§urfelt9wﬂn.g ffaw; caﬁmé AE arbhirdi e %E,L&.t k8 Dptinfiflg
fluid can ;9 $e F ﬁgfé? fag 3 PCT/ 8211115
/ 0 Fowacgarea ipr figa &g %i‘ge a?nsﬁ’pS%\We fref”! eé‘raémﬁ% ol
pr e-eppwihe that thedcagking/hipating (flaid sapirdly @pundringi extlrior syrigged §f the
ar e r¥RiveIF 100etkd Riwing duhéerrmeruldyoutia nea) C THeVRidl daf bk @Sseous or
oxygen, nitrogen, "freon", and the like. For

bi ophar maceuti cal investigation, water is currently
preferred. Preferably, the reservoir 100 wll have a
capacity of about 0.5 to 2.08

PCT/US2005/029877
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51liters and will be equi pped with both said cooling
jacket and said magnetic stirrer and wll be

weaonbigizsed to al |l ow conpl et e drai nage of sanpbEr/Usmus/ebos77

therefrom Preferably, magnetic stirrer's speed is set
by the electronic data processing network 7 to a
constant speed or adjusted in response to sanple fluid
| evel by an automatic control function thereof. The
operliqldi B dah DE leltek pereattdor BercdvledLAndran be prkGsudzedt Tgpical
I'S ﬁlﬁ%fa% RBky sﬁ%%é%@%ehﬁc&@rlq'iJldgeé)@éénoﬁitrégent f€on”, and

sped Ir t er |sec§reen}f eferre to

t he"8 B A bﬁpﬁ?f@e%mf‘:ad?ve?ﬂgﬁ I°Pn"‘£“é VSHTEX R mgt i on at

|l ow | i quid | éresérably. thel resenialy HOG wipe 4 FQQ@H"M °f gbout 0.5 to 2.0
c onfitads RRAwH BE kefipped @trabdttOshid ddoling Saeket ahd sald@agnktit stirrer and

ty pl:v[ﬁ 3k c&?@‘?&d & Sitow L BFnIEE TS ?Xg%lof CFHBQ nhLﬁd tﬂQ’EfrJnh e

starting

o orl%ﬂt ti cgn;pg @ data
Rat her, t he tRIEPraRlYy. BPCes 'Hf”sf RSP 0P 806‘?°H?’15°
Sysprepasdifly netwak Triglatdonsiant spebd or BEjustedjn regpanagriol semple fluid level

di s deé}ﬁﬁioma@@coﬂm FRELRN Merestl e BlieFdRIIRGUCtORS for such automatic
SC h%ﬁ‘%l' ISC %e#e%,aly estgﬁfhegbeéjoné &rfnorg t}fdrgé spetifi ﬁ ({Lgl eta{l]%r %* He

enser
I i nKeserveirg! 00 fOéBQé?RYGF'P PrEvRI °'IWP"f"Fe ‘(Pé%"sfé'lmag%i‘rﬁﬂ% liquid levels.
di spenser 700tcaupsarsmsliquidlit ¢oplaped diring prematiore migedesvoir 100,

V1- Mstyplc%ﬁﬁrgcu@@ e @Lénﬁ)ﬁl 18y |sehrdt the startmg pomt or origin of saud sample
electro ?%j

e T R e SPE A as et R bl T
sol liydoramplefdispengerd Aaceanrit eigusholispprseiip é@@@gﬂcz illustrated in
par @iget.eAs shivn tHarin amulticiddsar sampip @lspénservoa pplitineaedy IBRed to

be' ?e% r%‘llr T%Heqﬂultl Ui sa re d%fs |7%0 co p%g'e%,%c@lp\éjsoly& GEdlels

Ied terna ut1 ons I onl ze
ot o V8 Goah PG o0 Y| A1 SO BIPRIPIRE YRYP PR SGREPI of being
bi ocﬁlreemrcnaierveampécedsrommarymg solfitres $O fuid jacgegdingrte the process

d: S E?’Q&&Qfs of tﬂé’?&ﬁ’dﬁﬂ?ggplar)étldﬁ rap;bh@atm\ Kéuéi $ursdBd €Thut N& example,
el ectrani ontro e
net \xf)srsa cgn lee fi Ilec{ w&h aqterngfS nrg sn1u§on o‘% %elgnlga% Wc'a‘?er,zgeal&gg

showelution, bFfifQj solgtion tan@: b'mhefe% §af@FéR/~°é>IU&‘ﬁm€ h? S ionscage digpensed
enpliraysndently @mgeikiiieaihder the wleétiohit Eaitrbl@ntheedtehns BB@rocessing
CO”REMHK'?Qcc%[o%nS%@a %)r@&r@&rar%ﬂ&’reg{.rﬁé entate Out ' et 212, a

rneate ou er meat e out % 13
a menbrane 251 shep inBe-e’ 'f‘?e‘?fg‘ieﬁsn%?'e P%ﬁ"h&%"ce 10" émploys
ul t temberitial flew filpation mpwm?@@m@lnsﬂsm arfesfiinlet 2 HY retantatgroutiet 212, a
I eV EHfRate DIMS 280, fahdthe? permebte lollAl 287, @AY B Gheynbiany [266]€ BBitable

fl U e ané ¥ Q@e ult%ﬁlert%Hlnﬁ«?g)groug Qilf-: ﬁﬁﬁrg%ﬁ %WeYe(P&edsmgsq)s filters

polyary sul fone,

bol JBFEby e Poisisony Motite. (NBFlyt EoFinEor BRbkehgisuisae.
cel lpayogaifaecet agemerateo| yaicipsel opviyamide,e polypropylene o paiefhytens,
pol %@%mﬁoro&%ﬁé‘ cBRI0sd @13, ;ﬁ)lya@’{?lor{wlle %él@:@pc)ymer po|yam|des

pol y carbo

PO iRk PR of K Bn P PEk Sy B br B S e
be used, suchOtherdangpigidlow filsgtiop madujgegonfigerations campetyged. such
art .as sﬁyﬁﬁéﬂaretv%lﬂ Sowalirth €186 Seliddg thpayilé Gdscribes Blons @Ecidsad in

35 tr%e%%% ﬁg}gtu l gﬁ%g %tgu rLFS Pgﬁ(?\loes &4'05]|J éuefﬁtR DNgn R8|s on

4 7ENB3 047G Beupa s o L onnecasial %f*uguatr? A%Fﬁué?%é”z
1988$sué'11, t0 2@\ b@ahardi s we datab 1A, 1892; 5 @Abh2H4dissuetl taalR.Dovan Reis
MVar G oktoberbB1503; nd D65, PAANo.I5%351644, fsSueRtdh zVEadhamen Sune @1
Oct ober 26, 1993; and U. S. Pat. No. 5,525,144, issued
to A Z Gollan on June 11, 9 WO 2006/ 026253
PCT/ US211115 /112 9 8 7 7 1996 They are al so
avallable comercially: E.g.2 "Pellicon XL" and
"Pellicon 2" TFF cartridges (available fromMIIipore
Cor poration of Bedford, Mssachusetts 01730); and
"Centramate", "Centrasette", "Maxi mate" and
"“Maxi mat e- Ext" TFF cartridges (avail abl e

multu vessel
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fromPall Corporation of East Hills, New York 11548).
For the present invention, the 5 preferred tangenti al

w0 bae/ota2bi rati on nodul es are commerci al | y- avai p@blis2005/029877

| ab-scale nodules that belong to a "linearly-scal ed”
famly (Le., having linearly constant filtration
parameter ratios throughout it nmenber product range)
and are engineered to mnimze internal and "hol d-up"
vol (a98, They areaiserpyadable: deameRially: Ego iPeXicorox)" apd "Peltieon 2" TFF
M | LdrtR@e€ (availBé krérk MNipore @adtpbiticdfof Bédford; Mabsacklgers.0110); and

Fi g. Ce§t{a|rrlakeusé n?rtageﬁeoqﬁa] ﬂ?feh% Pg{lmmghnﬂ*acaanqges avarlllable

conventl onal tration no

menftaRe! $apar3iae Pfol??%t!m New 78 14548b r FE e R iriDgefioase
72 pafdrredl @ngeatial fovf ditvdticap sodules| arg econebreiatitavaiiableu tbscale

t VVOmQ(ﬁI JIR @eléﬂdtté §t‘hn9.9|§f E&Ie@’ﬁfaﬁm: e7 a\awﬁg lik&®EohdMnefittration

por Pad?rpréé%i I'?rllf) O?[P]rogﬂh% mem er prgc}tj%{ ra eg+e nd a?é enyggergg)gglllrﬁng
a rr@t?tnabﬁ'é’ thgld- UPnVQ'lH@? ﬁ?’r%‘?m@? e 'fsf'i@’leﬁlﬂ 020 the, Mitippre
per rrefitcd” RRiyae NFB&rtadyds. menbr ane 88 are placed into a

mol d and are Fﬁm%ﬁéﬂa@g oﬁ@metmrfmn%kfnga%nv@mﬁm fal fow

T e B e aghipn e roRoi £, e B eRied i ane

abo0R7 and arfeqyl shacsr @pies Tt addinglgdes dyaqwermeateoretpees fosnd 78, a
el ergdilet) p%rt 80 Nl W GitéiEhtd QRIQDbABE 0 trlotdle TEDE torMed, frome@@nd

L o el o m§a9e > 3060 B Winéififa 3%%8 féle ﬁegségplygaeﬁ%ggy &S

ate
andpﬁgfzeatw ﬁ%eef"eg@cﬁng pieERfane 48 pre pfaﬁ?ddﬁtﬂ aﬂi}mﬁ’rﬁ“‘ﬁ?rﬁ @'eéeaﬁdtﬁ°
90 &bouatfirst berrsade efeméndt. 90. Wbel oteendld@d elimeat 903henGs praekd in a
fr Ogéc@ﬁh rﬁ&@j aﬁ‘o@&p@&é cor@pogﬁ‘dnn?ﬁ\t)l@eosébbﬁi%ﬂer&@d eRAENtD0 to form
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There is no particular limitations to the type of conduit used. Potential
conduit types include, for example, rigid pipes, flexible tubing, and the channels and
passages formed in or intrinsic to the device 10's other components (e.g., the device
10's valves and pumps). Typically, the plurality of conduits employed in the process
development device 10 will include a mixture of conduit types. In a preferred
embodiment, the bulk of the conduits employed are flexible, substantially biologically
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All valves identified in the above table are equipped with electric
actuators for "on"/"off" analog control by the system 10's data processing network.
With the exception of valve 318, all valves identified in the above table are "normally
closed" in the device 10, i.e., they remain in a "closed" state unless activated by and
thereby urged into an "open" state by device 10's data processing network. Other
types of valves, such as pneumatically-operated valves, can be used.

As indicated, a plurality of pumps are positioned along or otherwise
functionally proximate the device's fluid process stream to drive the flow of liquid
sample therethrough. While pumps are preferred, other electronically-controllable

means for driving sample liquid through the fluid process stream can be used.
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called "co-flow' |oop, said information being
i nportant in HPTFF anal yses. Filtrate UV Wdgewood An

w@pdoboras3 met er used for acquiring informati onpCIVES®05/029877

612 AF44 regarding the UV absorbance of nolecules in
the filtrate fluid. 15 As indicated, the autonmated
tangential flow filtration process devel opnent device
10 is provided with an el ectronic data processing
network for Aseshewvinnig. 19r the edotai niepessingdnetwetor dam iclddet 2
ass gnhpatef @6 Wnkdd e PBREAL brograBinabld Woic @KPINB! @LC) b the

dev'gr%grar%mafqg% ic chﬂ 0“%%’9 b%mg |t§e¢fr\r?‘n%dstb tk?ese@@ljakl?aﬂfccjn{r&l%le

t r anEfrharevag 1§|(gﬁ"|a1h§ S(/%?m d?ﬁé’l"m%ﬁ éfé't"?sofﬁ"E instrumentation, and
I NStensat) ahes proprammbige 1080 cantraliepis @ssestuliyla geminespecifia lcaragiter
and b§a‘?&‘§r°€o§mor;5h€caf)§&é)5fd§éitr%@ r@&hv&n@cﬁr@@sén{b thetransmitting

t h eela(évp Sgatg Tf1 asr%grgg[nghls Toglﬁ traheb r9§‘ oEﬁr e? WI91C %fsws‘ dgt%tand
conpesetienedded eperating spibrarg herefoe. @mputey%a@gtﬂwn@ﬁ?ﬁ \wth and to
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and C. Petersen on Cctober 4, 2002, entitled "Chem cal
Process Machi ne Programm ng Systemi. The conputer 86

w0 s00p0B2s3 ably a "not ebook"-type personal conprEEUS2005/029877

supplied with, anong other things, a nouse (or other
user interface). The notebook PC 25 is connected to
the PLC 99 with a standard RJ45 100Mops Et her net
connection. The user (operator) interface for the
deviystem @ it sappretiongequirgrhetsasignificaotly imbrevefs relinbility argigedytestthre
devéogteofBﬁ?%ﬁlﬁmé‘ﬁnd&,yﬂ&@ﬁmlm&vem ent |evel. The power
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wowdob/otdrss el ect roni ¢ data processi ng network,

20 can be the controlled paraneter. Preferably, anal og
| evel control is provided to enable, in cooperation

volune diafiltration for optinmm use of dialysate and
for high efficiency renoval of small nol ecul ar
species. The level <control can also be used to all ow
processi ng of batches of sanple liquid |arger than the
25 aral reprEecap ot edoh abfthet hetude fundienal Oloeks feade tos cimmet @) and
Th' findtiédal ﬁ&lbmﬁcmubv%hﬁﬂjdg)for k=R O&T B fot BghinfpREMe HGHBn B
|2 5k G PR R EER! Kot R Bohon e ROBRL 0
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net wew KiltrdtionWHRTFF motide 20) ad arevioldt dbsandtine Modidee3Qp aiod/a tgh-
not bﬁﬁrnl'latnge %arﬁ%ﬁ%ﬁﬁbv@ﬂ%@h%ﬁﬁmu@ﬁ@det er m ned

I'mt settl
eI ect ronic da'f'gh PrERELL; E%gﬁ \chfw %% Fg)h 's often
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eX abglis durfhg " dMrifddtitH 9iin nSadmitoys Imefbiantss aX oiaREL diring virus

t hoggﬂ atugfxﬁ.&ﬂtgfltratgh %dlﬁl dsqthT?ﬁ‘ {ﬁ%ﬁly g}ngb%ssa %Eéé!nd%ﬁlg &0

ot hé‘l"%l §é4)cf"Pté'i?ﬁv€?Y’("éﬁeaf‘h frg'ﬂc% ¢pts PO gy fpable flux and
pr efr@sabhiyareaneiion \WtoltWHRTER funttionalitykFegain ed@@doraman epsult in

f aupdor Q%%léﬂ Riollitn 128 G defuitedd. for3éxarhPie, MaHEARL Rfhrization (ie.,
2ﬁ2?§g{aé§%% Em eheoyv gJ solutllr atcillgcgt]? doen\r/](%r% arJrhe dsglﬁ ce%fthe n{embran?) or
bl ogReEbreng fayingdi ﬁ\gt"‘é’ R‘:‘B‘Pe“’?TFﬁc%YF‘GﬁaFa“quP‘te”t jor @nitigatepgich
uni becGredhsé. smltmgpregelnym@ﬁumwhms EIRTEMMOodutEN20scomptieed ifikrbite Ipymp
resgon §ﬁd@}1§poﬁ dr}‘ngﬁlﬂg Y64 srdQodnB&ivityREHE Qatg%mﬁger@twork 7.

tangenti a tration roc S
to, substitut |h8H't'81"°'et ApgorRl %%'8’25‘% f?’(??'?%?ticli“fgs's
/ 0 2f @e8uid pfocesm elraaemp laad @hienis nﬁfrtlcelaz')hua?ful frhassagsihg| raptein
]]:lun%niggf}aﬁonm of Kise |p@66’1$ ihv@ntoR,MIRer Oitraiole® Nkbsorptiti C Mbduna 30
exibilit e

coernses l%{{r’awglat dse o(r) §¥% PJma{ hﬂio‘:’tﬂ? gér?il[ngnffgp %n(? toﬁg@% tl}{ c{ AL
rrodd?teémceéﬁ‘i‘ﬁ%ﬁ“’ff’”b? such optional functional nodul es
are present edigh-Refirgancd Tampentidlf Fipw ukjkrationby(HEEEEheiel often

LI N@SJpiojed B procﬁice Eﬂ th&ﬂ%@lp%fbﬂﬁn faIt@t@Q@&Btblﬁ'mlxtLﬁes: doRMining
Filtration

AbS allmﬁﬂy B'ﬁe‘{\ﬁﬁ?aﬂ?s )Tg'ﬁ Is ngmllydnqt ?_ﬁsawe mr_qga Foan r?ézﬁ -exglusion based
Tangembriapd Pricessed-i | "l'FfTﬁfl @W“Q'WTWP“QV@@W@‘*&O" t“eHlsgﬁ and
Res @lidukds9 br thaldgie l&bucﬂsurralrﬂWg pioteins atrhi® thickdsbddnje manipulated
of t %n cha%&?t_# 91)4 %gl atng |Anr£psrtrg|¥g?h Sfre g@%&gﬁdnori:oP%(SaﬁlgI'euQ&ﬁnin,

pro SUS uri n

cl arWthh B3t 7 aﬁ'ew‘ff Hvew{‘%cqf 8&8?%'1%%?@&5%@@@ PR ?%&8@ kD
dur ingcue inutee right tliferf enbitonmeérit.oFurthert detaild regandind it ERFi teghnology
nmodybes ol Irexadipl GRRI oénemalepws BRteSC BRBAL. B2 f997; S.

514) .installe
DT oBeted o shieon Bof B3 s, A3 PRLTERL S Ak
f undeii, GARIP-RS  19%% Bt Makao sleathdrestlingfion, 70alP 128 (1PES: V- PRiole:
Sepa2as L@NissuRE @ AL vadlReBSn asgseamlu.s.o#a;. No08,4e0@3pbsaied to R.
nenQ&egglpq% rization (i.e., substances in the feed
sol ution collecting on or Ipt ace tina @
menbrane) or 1% ‘egrtiaé’gff"ﬂﬂl P\ﬁé 'aR"tSY/%e %‘%y ﬂﬁﬂ‘?—‘ﬁa 9
sy stsetaliedicofloetloor anst canirelj aytomaticaliic ditersgtbe ewreln%@matqd TFF
t he BrfvNtnd BYDAhG Pramkler BRAIGE paBdimbiRe 28) HFOWPT pugfation
filtrate punp 514, and supporti ng conduits 400 and
connectivity to the data processi ng network 7. The
U traviol et Absorption Mdul e 30 is used for
photonetric anal ysis
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of the fluid process stream and which is particularly
useful in assessing protein 20 concentration. In the

w@e@serd2s3 nvention, the U traviol et Absorpti onpddydsdoes/029877

30 conprises ultraviolet sensor 612, and supporting
conduits 400 and connectivity to the data processing
network 7. "Hi gh-Performance Tangential Fl ow
Filtration" (HPTFF) is often enployed to produce up

t 0 @®E0BuésolTde orfiof| asagnibinge Ceronrieass cofowp) PR 12, ivp-Revivalee
CONZAI BivélGiltra®préssiire |sé¥fsbr)’616i @ duppplnd &fﬁdmtg_hb(SaﬂdSconnectlwty
nor pral adbia ”%ce&%g%awo& 7! nd R8P 18R Bha ShELOERESU il 1o

basé rocess gz P
di fm@rte'n@egonﬁtﬁ"tt Y?@S@?%anarﬂﬂesswﬁﬁlé'@e@@g fgneth; ‘Brﬁ“'c TFF
¢l otneduseLL00.0 Dhislis ingpopant foe prasessifigeokitiani ifar lhiels solgeurar fetention is

rmnbfl%Ut'eé“b? Ghe AYP.C ha&%engas&J] %reﬁh‘oﬁ‘ Rl a iHPAECTNH e BlaliceOthe
[ exa

i,,C
mor v oGty 2petberh oo ks 1 e oot el gedr
- 400RIG0IeR Pr BBCHBE Btk i 1 PessANerTeGIREaNBUS f er
envi ronment . iFudditdr todeitiand SnodeeaReli 80y @ THE the automated

tech n&aln Yow fidtioR %ysfte‘}w Mingifidet 2&% 250k @oarthcﬁ)eB!owUM“ Ralur,

at at I ot ec Bi oe .

ot Srebing realed BpbEREes 0P GERAGsEToR ey e s AL s
at  sanitizablp, ushoi Pt REPREUIGSHP reduce e levelnf bayterial gortamisationgkndo
et gdiow Pesa@i. nati on, 70, 191-205, 1988; U.S. Pat. No.
5,256,294, issued to R van Reis in 1993; and U S

Pat. No. 5,490,937, issued to R 35 van Reis in 1996.
The autonmated tangential flow filtration system 10, by
incorporating a so-called "co-flow' | oop and control,
automatically alters the central automated TFF

condi tions and operating paraneters to allow
performance of HPTFF purification 18 WO 2006/ 026253
PCT/ US20115/ 029877 techni ques. The "co-fl ow'
assenbl age conprises "co-flow' punp 512, "co-flow

val ve 334, lower filtrate pressure sensor 610, and
supporting conduits 400 and connectivity to the data
processi ng network 7. The "co-flow' |oop and contro
provides the ability to maintain a constant
transnmenbrane pressure (TMP) along the |length of the
TFF 5 nodul e 200. This is inportant for processing
solutions for which nolecular retention is affected
by the TMP. In sonme cases, operation at a hi gher TMP
can reduce the retentive capability of a nmenbrane and
yet in other cases increase the retention of snal
speci es for which the objective is to pass the
menbrane. In addition to optional nodules 20, 30, and
40, the automated 10 tangential flow filtration
system 10 i ncludes a so-called "cartridge-bl owdown"
feature, enabling so-called "clean-in-place" (ClP)
capability. Preferably, the system 10 is sanitizable
using CI P procedures to reduce the [ evel of bacterial
contam nation down to below | CFU m. 19 WO

2006/ 026253 PCT/ US2005/ 029877 Exanples Exanple 1
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5 An automat ed TFF process devel opnent devi ce,
el ectronically configured with the electronic data

wWEr@6Ms5Ng net wor k descri bed herei nabove, i S PCT/US2005/029877

structurally configured as set forth in Fig. 7 and the
foll owi ng Tabl e: Paraneter Value Menbrane Area 50 cm
M ni mum Reci rcul ati on Vol une <20 m/ PXL 50
Concentration Ratio < 1 liter/n2 Starting Vol une 200
m to 1 L Feed Pressure 6 Bar (86 psi) Feed Flow
Rate Up to 100 m/mn Preggagsdeslenperature 4-55C H
1-14 Tanks 1000 nmlL Recycle Device Hol der PXL
Stanldard Pum: - Feed (ra e 0-100 M /mn at 80 psi
- Filtrate (range) 0-50 mn at 10 psj - Coflow.
(range) O- 10(5\“rrg5‘tﬂ‘i"ﬁedatTF§Opr|8§‘?ss gevﬁ‘f’%{%ﬁ PViES aﬁ'@cg'f"'ca"y
0- 1odfigirddnwith the eleBtronid datd/mfopessin@me@prk deserbed heraineboBadk
Pr e§t§.|'éﬁ1%lly con@uB@ 2% seS%Hﬁ?E\tFQf 7 BicassSilo@ing Mebicat ors - Feed

Ran bar 90—pst)Acetrac—06-—5%FS Retenteate
e 'rame)(er \ P> Valde : :

RanNGEnbrads fedal (90 pSTsoaecUTac . +1. 0. 5% FS -
Fi | Mhieoe Rdcirddatng ®blurhk- 6 [Deeo mffBRL 90Si ) Accurac : +/- 0.5%
FS| Concqrrdtipy Refiee 2 Rangel < Jitegmhay (Qﬂ psi) Accurac : +/-
o l' Vo'we\u\l | nr~|| r-of ,-290 ml tg-11 Tt ali 2ar NDan~a~-

. eed ressure A" A A IS.B‘ar(Ss }ITU vw I:L I(J.I T LCI—I\(‘III\‘JC.
O0- el Bibd RIdT ACCUT AT [ UFts 104 dmi>__~_r1itrate w
Tol albtegETempaange:. 0- 60 [Mssm n Accurac @ +/ - 1% FES -
Trapsfer W Totalizer [Ra¥ge: 0-100 nd/min Accurac
+/ Tapky, £g Ternperatur 1009 ecycle . 4: ~oy o Rarae—0-—100E€

Ré-.VIcé\Héldér rCTp T ot \‘PXIL téﬁldard T 1Tl COU Ul T\CU C. U™ L UUU

OO0 pymgeccuracy—+ = VG = _Contr UIWU C
AcCuraefragé)- LIC [evel [Reoyeinenalandki - T ndi cat or Range:
0- 106@ratgirange)- Cont r ol [FEEAqmi0ati1OeED i M xing Recycle

TapkSoflo St or Ran—e-| ST mispiat 89 psi
- TransfeP(range) "] G-100 mirm¥in at 10 psi

Valves On/Off
- Retentate Back Pressure
- 8 Port Selector
Pressure Indicators
- Feed Range: 0-6 bar (90 psi) Accuracy: +/-0.5% FS
- Retentate Range: 0-6 bar (90 psi) Accuracy: +/- 0.5% FS
- Filtrate 1 Range: 0-6 bar (90 psi) Accuracy: +/- 0.5% FS
- Filtrate 2 Range: 0-6 bar (90 psi) Accuracy: +/- 0.5% FS
Flow Indicators
- Feed w/ Totalizer Range: 0-100 ml/min_Accuracy: +/- 1% FS
- Filtrate w/ Totalizer Range: 0-60 m{/min_Accuracy: +/- 1% F8
- Transfer w/ Totalizer Range: 0-100 mi/min_Accuracy. +/- 1% FS
Temperature Feed
- Indicator Range: 0-100°C ; Accuracy: +/- 1°C
-_Control Range: 4-50°C; Accuracy +/- 1°C
Level Recycle Tank
- _Indicator Range: 0-1000 mi.
- Control Range 0-1000 ml.
Mixing Recycle Tank
- Agitator Range: 20-1000 ml
uv Filtrate Permeate Line

Range: 280 nm

The automated TFF process development device provides consistent operation with
good data acquisition using comparatively small sample volumes. As indicated in the
table, the minimum recirculation volume is less than 20ml.
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nodi fications are. to be construed as being
enconpassed wthin the scope of the present invention
as set forth in the appended clains. 21 WO 2006/ 026253
PCT/ US20115/ 029877 Cdains 1. An automated tangentia
flow filtration process devel opnent device for
conducting a | ab-scale tangential flow filtration
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acqui ring process devel opnent data thereabout, the
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5 (a) a reservoir suitable for containing a fluid
sanpl e and having a reservoir inlet and reservoir
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sel ectabl e, and wherein said fluid process stream
i ncl udes each user-selected 5 alternative process

wo boeopash. 5. The automated tangential flow fepdt/Usdoboeres77

process devel opnment device of claim4, wherein said
alternative process flow paths includes an HRTFF (hi gh
resolution tangential flow filtration) |oop, said
HRTFF | oop conprising a user-activated second punp
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tan@‘éﬁl"i"}ﬂys?’lse’w filtration process devel opment device

of claim4, wherein said alternative process flow
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StrgMah\?elpp&e%%oﬁlpétﬁm ated into said tangential flow
ul

filtration no y said co-flow pat hway, the co-flow
pat hway of said HPTFF | oop conprising at |east a

co- Bl ow Phermptomaidd ngeotidl Reyyfiltratienssepess degienment dpviceTdf glaim 4,
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per REBR lgcategtin g pereeate streambeiesn ‘b? Hﬁ@é‘%a' fqw fitzaten madule and

the reservoir; said HRTFF loop capable of effecting separation resolution when said

second pump is activated.

6. The automated tangential flow filtration process development device of claim 4,
wherein said alternative process flow paths includes an HPTFF (high performance
tangential flow filtration) loop, said HPTFF loop capable when selected of effecting
transmembrane pressure along the length of said membrane by provision of a co-flow
pathway for said permeate stream, the permeate stream being re-circulated into said
tangential flow filtration module by said co-flow pathway, the co-flow pathway of said
HPTFF loop comprising at least a co-flow pump and a co-flow pressure sensor.

7. The automated tangential flow filtration process development device of claim 1,

wherein said sensors includes an ultraviolet sensor integrated into the permeate

stream of said fluid process stream.
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