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A UTILITY APPLI CATI ON OF CRI STOPHER PETERSEN, A
RESI DENT OF AVHERST, NH 03031, AND BRADLEY WOLK, A

wORIBLDENE3 OF MONTARA, CA 94037 FOR AN " AUTOVATECX/US2005/029877

LOW VOLUME TANGENTI AL FLOW FI LTRATI ON PROCESS
DEVELOPMENT DEVI CE' 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 Cctober 9, 2001. Field In
general, the present invention is directed to a
tangential flow filtration system and nore
particularly, to an autonated tangential flow
filtration systemfor separation process anal ysis and
devel oprent . BackgrounH“%ﬁéA*?M? ﬁb*on of a liquid
sanpl e by a nenbrane for purposes of purification
(e.g., by renoval of particulate or nol ecul ar

cont am nantrgroPHerPRTEREEN, K REdIDRRT dFAVBERST,INH 03080 Rkt Or Y
anal ysi s) i s ®Braslelk Wex; alRepesiT ar MoNTARVWRAG4G3ACh ends,
the flow of the liquid sanple relative to the
menbrane's surface can in naRyNi NSt ances be

meani ngful |y characterized as either essentially

paral | el (i.e. “AuTEMAERDLQW-VOLUME TANGENTWAFLOW! | y nor mal
(i.e., normal FLERATION PRQCESSAEVEHOPMENT PEVICE' | trati on
system a large fraction of the liquid sanple flows
continuously, over time, in a direction essentially
parallel to the nenbrane surface, as opposed to a nuch
smal l er portion which flows through the nmenbrane.
Because of the sweeping, cleansing nature of such flow

- whi ch di SCOH[ g,ge@ntlgf;ﬁi%wuﬁgc%n%%nﬂﬁp?{ CQW% B%t ;g)nger

concentration on -ta tion

sy stNonmt/B4R4Bf '?%96‘%&6( 4i200%, Pij‘haé’ﬁnqﬂr‘%& wachiRmHPg h"é‘Ff“ of

t hr Aug) Impart Rat tAparizo Noeddfiand! nflecd@atobat 9, ROWWW nenbr ane
filter systens. Because of these and other advantages,
TFF systens are often plvotggky enpl oyed for
filtration in industrial drug manuf act uri ng processes.
In the devel ofngarerabfthea prepantl inyertipmlis digegled telra gpngential flow
fil tirratidnGisténi, aBE M 6re plr@cutarly, 3o Of dudmatd @ ghtisl Qo filtRaibly system

| 1V Q5L ARkEn ABbs SRS dhdGBIdcBnEn] POT tant par ameter's

Background

The filtration of a liquid sample by a membrane for purposes of
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 (ie., 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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process, for exanple, its nenbrane characteristics,
the flow path configuration and dynam cs, the processl

operating conditions. In drug devel opnent, tineliness
is particularly inportant because a final "approved"
manuf acturing process often rests heavily upon its
early foundations, and the paraneters thereof can be

" | ockreedpdngifig néronel foxvamprhranepfiftercsystems.r digeduae of thede bridnagler
The abvarBidsi Tk i)@teaﬁi RUAER biyotdlp \eRBloycdabreiltfatidrt ih aL il drug

par ters ¢ pardi ze yields, purity, menbrane
dur g'%ell'facttu"ng &?Cels?egl n the resulting industrial scale

process, pot &RtespyelPPagt alAndsusiiRlpGte drya fWetiognrqsgss there is
Comotenca abédzet tingly. investigdiet and rmiblifymedriaindspafantTdranmtas ek he

develoe&gereﬁ e)faﬁm i .Esem&méretbﬂara&e@%l tnb\ne,v rmmeﬁ#@l,@@neaﬁd
t hat or |TE nmanu

el wPsere Hues; L inks 10 L il pr of R
pr o@@@é'%fev'élda‘grﬁé\fﬁdopﬂ‘évi W@"'ﬁeﬁats Rertigedrly| ippREtantchgrruge @ fipd)
desi ag;aroaermd miatifaciurify [ro@e<€ 6160 Sestinheavily abay iat dany foseatids, and

and heI pgrahla@rs(i%é’o?% tblaelr)&gé m" ?dr‘le%k' &ﬁéal'l)y re?y%t&r?ﬁlrngs The

roce

2oyt e WA, BBy P Fats an Bherii v, obth:
Cer tm@imhranedwrahilish efe ninithe resulting ipdustrial ssalel progess aistentigie delaying
| ar gry/eRYLReRy bohgedBRatdment s that, when needed, can

cust om dest gy A AT &b D528 Sy HEKELaRARRL L NS B

However, the S asso
of t EFPettmarHedolpgies thaly Wﬂe”s‘é”gﬂﬁ“ﬁ@ manuaiy, IC?PSF'@% é%ﬁs'é?f ab'e time,
ent iahd effortwirbedne isased thos Ifop @8 @utomstsuraess davelomnepeddvics ¢hat a

Can d§\¥é§)§§5{:§iﬁ Uée| t¥ dé’é?g‘ﬁ%'n@ thsl‘#ﬁ rﬂro@éb?.esodﬁ* ablthch:ItorﬁEcQﬁ and, in the

apﬁ?lfr%e t{\er%ﬁ ag g%t:celfy cpllectaarr]\g{orcpo%cgés |nf%rrn]1ﬂcip ne%c%d for “scaling up”
conghedubiedd pr§>0q3§q$1fqrwU%r@hweke@pﬁqitloapp| icability.
Provi di ng n’OreerlfainGKéebch entiies Bavel firasaly 26thhlisteed darby emtheéring

appld%&a@tmenlit’s {h\é nen‘%e%&eragéaﬁ c:ﬂ: A:m Qers%ﬁ %%mggcy 3 ogmg$elopment

device 1Is 'ematic.” Acconmm ng, broa
vol ah%e"?saﬁg §Ver Q5 o8 é‘FFﬁF'%‘ed ph %‘%H%FF%‘[T%&“% ﬁ?ﬂé‘f’?fab'e
Wi t land eeminglycérdnressatch eatities pithogelsshaued msewtices ssdiepetiss ¢ag

es paGhcadskly aWéfoﬁ shidh JuE\@m%tnft WPDQ&yQémﬁnT!ﬂaGé; gptalzl Roreover,
| OW?rndr on%e {a pllcatlbn S emhc c%r?s%l r H l alve) n o}(sn{erarqa) hmlted
Sanpi'e€ Vol umé& Fh SHr Y ocess evel oprrenct g

as |C§mWW@ﬁh?PP‘@abdFYe often avai | abl e only in mnute

quantities, aPdvifigoes fledu)obreb@ivsgalaamddraader applicability in a
need| g8 k¥ pro!:é?.s ljévglmmé?nf ddviee ls%hﬁféﬁatlc AeRino8ati§ broad sample
exl st | ngdnee

ar e U e
it SR 4P TebEMBmEnt PARGHR: GaPel, A dogy mecharica- and
conpprasessriglpted syuea dging |e$qqgalm_salﬁe ingthestriiey el apersertable lower
dat gangéi (L), & nhiMLALHBRIGA4TIPH &oluBé)L MBarfi ) MoIGrBdEEIRAT edlP Process

]Eh?{b?? X bt st s-gg% DLEE FF&)‘an %Yg&leh g%ll?dieoydlﬂﬁﬁwlnﬁte quantities, and
) h%nceucannot be squandered needlessly

in light of the above — despite an existing need -- there are currently no
known automated TFF development devices capable of comprehensively acquiring
meaningful developmental data, with a minimum sample volume requirement less than
20 ml.

and the all owabl e range of PCT/US2005/029877
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tangential flow filtration device capabl e of
concentrating 0.5 - 5.0 liter batches of a sanple

WO 2@ezh250 | ess than .02 liters, and -- in thePCDUS®AS/029877

t hereof - conprehensively acquiring and recordi ng data
useful for larger (industrial) scale devel opnent,
gualification, and validation. The automated process
is fast, econom cal, accurate, and repeatable. The

aut omat ed TFF process devedusptasnt devi ce conprises a
reservoi r haviHag prséht Sihveftdn plalididsl dNGilly-Qutddhatddl XmABvolume
Zon%%nlggntlgl%gr%;ahcﬁl de(nlcé) \%ptablé to{ &E&&Eatggg%l S50 ﬁt@rh batches of a

rehensi ve
devéP'B'ﬂ?ré‘Mda'P '?fét"?n a@q'ﬁ?%@f‘? Oﬁn the fqurse thereo - comprehensively
" f | wicqliridg candnecarbihg odatap lusafie for  defrgep Ulndestrial) aboates development,
condyk &tloragtq} VAFRBH. The AR\ deBssGPBRAREIYfcaRbRurate, and
sel ect et and/ or custom engi neered and assenbl ed in an
unpr'%[’(?%aent ed conbi nation affording, anong ot her
t hi ngs, both Thel Pytomgieh il eBF°‘E?ﬁ%rd3t"F"?ﬂ‘T‘eahde‘6“§t gomprises a
ac quéseivbir dByinga A dhisihdt Imugtifubetiopal rmeiing/ @dng, laoangential frown fitration

rec '(jﬁﬁ%h'lla ay| e%@tréﬁ%l dégeprocg%ﬁg q&%brﬁ For cor@ﬁ%h@gsnle(be{/él mental data

ar| t I1t1on
sepo"r‘tc‘ﬂﬂsi't'Bﬁ ?W’o?:efg' ea%f\?@r%' ﬁ%’Pﬁ'e"i'/ﬁ"i ﬂfa?Wﬂ?h V§§| ?°é’9ﬁ'ts and
" HPEB#orsandhe HRTIFE" borpmefé% aref gelestadopnglar t qpstongngirestsd cand
of  tenmlaWtan tﬂ\pﬁﬁétﬁﬁtiﬂ@&imbﬁbﬂm@%“forﬂiﬂg tahRngD6tR& @ridgs, both fully

I nven%o {e]d io ergt%n parnﬁvdag ﬁlgsn%ﬁt QJEE\EFE tc@rﬂ&%%él)a‘owf |Jn|R|Wum

i 1 tTaton device par at
pr odedrg gation, volyme. aB‘es‘teé'F% Wiving tt‘h'ﬁl WBF“'@%YNN %a”v?ﬂcﬂﬁ'ﬁwate
I eqUiradiioeant BFF sepatatfoo rpragesgulerélapgreatnathr (@bemr dbisinggl) BHRTAF" and

usefn Hhﬂf,:@g,rol:@;gg,ggt,o%@,l e devel opmsnt Anot her obj ect of
the present P1ven

fully-integra é%speggﬂf' %}%‘? glpﬁncd)a am?{h 8ref%1rt1'méer?%'°n If o
fl oWFWIdPtaﬂefeJiomﬁteéi dappentalffigw f&fémw@t"%@f sagudtiag g separation
Pr oGR&e&es Wid lab Bdaki witd Mg RAreple/ adiuieEredureriéntse BRNfoSacqaiig

For AambEh satmqfurfsﬁ%g's%a%@a@pnien@reabout Anot her

obj ect ©

resent
aut omat ed f | uf‘gc’"felr I°PJ?%\t° S‘ﬁ péeée'?td@’e'ﬂ}@%ﬁgp W%Vfde a”stand-alone,
condulyintegrptdd, selfeostaipiragtometas tangedtiah BayUfitratierydepice toeepsducting

dat asebé?ﬁro%hﬁéases wmmﬂﬂmm%myklvlome RéhuRdinenf3NENGabI liting
const I‘UCt havi ng a conti nuous i nternal

vol (T8¢ 'n? daat%ere%\ %bst anti al | y cylindrical upstream
encl osure Whl C\FP”TeaB@?%Of("l?rp“ﬁ?ﬁé\*’wt'g’é'sW@éé“mmated fluid
decrasén gevica Uséfﬁle‘brnaindtd:tll@ﬁlicﬁﬁe))alaﬁona atdd\angdring prmcess diata

' nt Qhéeeﬁi)br?tt 't%chemexbtngngz Qn%nosé%\/ QBrfsﬁrb&]&){ reﬂbr)@élpg'\a@ﬁ@ea
av”(‘)? subst ntla S Q{I garl i me syre
{ hartotiuoS BETAeLEr YR AdPrRalety SACT R pHRer codheY
Wi t hwhichr tgers viof rothierwiset coameeneast ﬂ@teas'esndn antgypa) cdigmeter) at a
St I eRWhSREA And MG i d bieimed mRihg Qb rsaid SEstifg trhivify izéheSkuvitg a
di Stéugs%ntigﬂy)ﬂa%nglgns%\aller volume than the substantially cylindrical upstream
enclosure, with a reservoir inlet and outlet, and a process stream sensor positioned or
otherwise active in said distinct mixing zone.
Another object of the present invention is to provide an automated
tangential flow filtration device having modular functional components, thereby

facilitating disassembly, re-assembly, and modular expansion.
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Anot her object of the present invention is to provide
an automated tangential flow filtration device having

woadioar2s3 unct i onal conponents, thereby facilipat/Uayos/029877

di sassenbly, re-assenbly, and nodul ar
expansi on. Anot her obj ect of the present invention is
to provide a tangential flow filtration device

i ncorporating an innovatively engi neered reservoir
that has, anvingthetdbiect df khierpgesent dnvendion isde onewde a tangential flow
nul htr&iéﬁ‘%h&nnﬁé OFaeﬁh@gn TRO\Rtively AGIReP eSS A K38 Neridhg

arr a{ﬂgre hlngsd ow-vol mg hnﬁult?una éaqrrp(lﬂr? e%negg%ﬁéx :‘edl]— W—@A ?eﬂsor

f ol POWi 1 escri conj unction
thea%‘@mﬁww %ﬂﬁ'%%‘?@'é‘a%ﬂsl enabl e a further
under st andi ngrhef fditwinghafesurigtioof cénlsidered aind catjunetionobjtie cths

Of fa&%mbaw.ﬁ aaa@.ngs Rl ar%le ResHEd Phibr@Ehdb of A6 nkl@\W mgs% and
e schematic r epr esent ati onal

i I I 8@?”5{9?% §he 'glz“r‘?gt“’r“el ative |ocations, shapes, and
sizes of certain objects are occasi onal |y exaggerat ed
to facilitate thei Brickare¢ripfibn 6fithe flawings N f eat ures -
e.g., the w r#g;g&f, 1@'p¢&h5's@@ma9@f§?%%@h&wa’l nufﬂaﬁbni i??[

are omttedfor | ari tes t an

S CEPATYE BRaNs, ARRS CHP AL 1 OB AIS PP RE PRl goberated 1o
pr otmsiitstedeeiralesppptiont Celtain feature®-- agc thedvinng of elecyival components
enmb goHigre ntareddmikdagorRi@gent invention. Fig. 2
illustrates i ¢ t,Lon n e
further detai ﬁlq% ﬁ §S§rﬁt§§% tlem(?(t PE”F_F%% %} %‘%’Pé@%%ﬁ%ég&g flow
| ev d¥ratiop ﬁ@@?ssfﬁ&mpf“ﬁ?ﬂ@e}ﬂ%?s@ ez dingyfoan ‘i‘fE’Pd'WPG%i%ﬁ‘e Pegent
5, awehtipmcket 180. Fig. 3 illustrates another

g r 8: s-secti org@h |Itut3t?atésam L‘roéjslctloﬁ’ fnk ffé?;g qQ m’allevéa@ngt f{]r%er deta|ls

sec
* he CEBRGEPGHEN 3By e tepoep S Aise® RS g™ o
rearandslﬁ@(htmgl asses 140. F| g. 4 illustrates a top view
of the tank Ifhd. 3 imkeaésdhotet ddsk-Seddn &falﬁlktahli h 11 6rhogdnaiQto

5 i ltlleuc‘?‘é @écﬁ&‘ha‘ ng qerev%ﬁr){g fPrfthe]; 9&5!8 :l)f gﬂ sﬁ'm%g@ﬁir;{'et port

acenent o
reI d&? e ff%tﬂ‘Fé‘iafﬂ%rttg'ﬁ?si? ~zone 5. Fig. 6 illustrates
a bottom vi eWwip# itusteataszartikp iewl of te tgnk 171, shovinglertails of tank lid
schepptic flow di agram of the autonated tangenti al

flow filtr at I p% SHL% qesas%gv.g\%%ﬁ% %?owm < a %Eth?r thlngs

accordi ng e of
i ncl ﬂbee%acerpwteﬂ%lﬂ 18R ce'3tigmig|distRSHTIKBS ZoNg Rre opt| onal
functional norlgleamstraaia botidm wewt dithd &mkaett, | | nes,

includes: a " %%r@%‘%gg lé&tieﬂgt'ilc ﬂEém%SﬂaFni d?llhe':a|uf3Wated tangential

flow filtration process development device 10 according to an embodiment thereof.

The embodiment includes optional functional modules. The optional functional
modules, set off with dashed lines, includes: a "High-Resolution" Tangential Flow
Filtration (HRTFF) Module 20, an Ultraviolet Absorbance Module 30, 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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Filtration (HRTFF) Mdul e 20, an U traviol et
Absor bance Modul e 30, and a "Hi gh- Perfornmance”

illustrates, in exploded view, a tangential flow
filtration nodul e 200 used in of the autonmated
tangential flow filtration process devel opnent device
10 according to an enbodi nent of the present

i nventi on. Fifjg. 10 iliustiates @p gleetkonig data Proeaspipg nefwork 7 used in the
t angeBhited tahgenval fibw Fﬁr@ﬁdn%cgﬁdddvﬂop?rﬂﬂﬁdevkheo roEbeirg to an

200g B‘?‘J’Ee%&%%(e?%skﬁl"l"g"“a‘ conbi nation of single

moddl" ustrates an el ectronic data

processi ng ne’f‘%\dﬂds 2 SGReIQG FePIepRIALQR Bfrfﬁieé"&"t@%gs@ﬂ‘t”i‘%}he
f | owodnid$ bfrdistincomixipg zwe$s devel opnent devi ce 10
according to an embodi ment of the present invention.
Fig. 1 1is a schemati ion of reservoir
100, show ng the bound?e{)ﬁp{j&%ﬁgﬁ% m Xxi ng zone 5.
Det ai | ed DescHepufopnitetianoenieldion: WRtienaMerest feyplopmephdevice
fil t10 adfi ther ppisere asventibave | cppaeietio devinpecddented nbifi@um reliable

pr e$&mulét|5w \?JIHeO& approﬂrﬂﬁél@% ﬁullth@rsam cémlgéascéa%m&%q\avm a
mnipymreliable

I‘ OX ?
Do ARG T faeca g foudirafion nkuby & p i Bl iageus Senting
di stidgaiber withdig gistingtreixingszone, arsiaqiditanigertipldiaw firation atomiﬁ a fluid
nDd ytoRéss Atrgaintihdligh whidhfa iGaa eimplescatl 8€ tdhdiged; & PRI 6T pumps,

Wi t r\1/al é%l Q\d%lar%USQ&td d&ﬁdﬂeﬂ@a@? réﬁd %glrﬁgadaga Jb@ﬂl%m lﬁJ samg\ﬁJ

flo tratio cess stream
whi @ﬁ "aﬂqwscfl]mﬁphs%?ﬁf’pf"éd Bﬁ’ﬁesﬁét"é‘iﬁ%oqﬁ‘étaé?de'e%[°'ﬁ? d7tal Arqegss
punpstwokahkrage, of aerdiviee isoansttifgoprockssing, ALY, recceding data asgpciated

and witk i opdrit@n Bshid parRRUTaediafd dnstid. d sanpl e as it
flows thr oug hséalau orfnzlatgé dTF'Qr ol%eess‘g’ év&gam cﬂ:‘\:/jl ean10 enables
el ectronic data processing networ ca%a of edF

r ec@Miginptgd Propash SatR REGUIREON Birler 844 Fateple voimep-eCowaId Ash end,
dat aheassess dtadapmshtdavitd® iOgraraateiizen bpits daletedentagdSombination
Val % scéver@qgwct?’cﬁxglﬁl%térelaua%aﬂ%so 'ﬁés%qeay:éé wFHqu %ﬁtsare not Ilmlted

deve '{Jment dev eS aut ona E OCG
acqut et A %?'S‘I”&A}“ftlﬂlﬁ‘fﬁﬂ’“% P19V f“ﬁrfﬁ%f gur '?U%’H’ted
end fluig rpeacmsgs@'m haléingad r@)pmmvou@eu@@wq@nt RO greater than 20 mi,,
charmagine I’nieé%dormfaid&cﬁcatéﬂ Rle&fnridamt pdcedndivaiat i on of

several funct Jrh%r]:f’f)s J1c¥ {nlixm? ggr{eello@aqe%dat % %gﬁr{%{rga ?]n-grlu?ﬁ‘lg de\?ce S

features incl
di Str?qqe/plr Mqu‘pquiﬁ/@plﬂalﬁ épmqﬁ %nw(s& Gﬁaéplmgtqq@tmued data acquisition
confwitgio fita subatanitafly gadtiealy sudlatvedmé| Thel pgsitiotasef thd resawir's

haV'uﬂegs ﬁwdrﬂu{ﬁtmi?blé{ Qlktth@ﬁmﬁn%:ﬂéhé £ Qﬁwer{%\mg Q;B&&Hru% s&l&"ﬂ&h e
nte Aa 0 at e ct
e
| ocaf e2id W miniggTsEEdatian é‘Pi'éf“‘bf Aytppaatigs s Qf‘éb'%d Pse@e 1dg¢i¢ated
IS efpdirghedita/prbdesdinglict ol Baligureeepsancaify)to caldettntl gord data
cont s&‘&‘éféfj dékh TS éti%ht i (y&v&-rg 5P 5l dofhp émé.w@gg @JﬁLc}ént to

fractiona er vo 0sI T i oni ng
r es(_ﬂevgnn?e geg by algorlthmlc extrapolatmn) th conduct of the mvestlgated TFF

process at a substantially larger scale.

The process development device is well-suited for developmental
investigation of a broad range of TFF processes, involving lab-scale volumes of 0.5 to
2 liters. The investigation of biopharmaceutical filtration processes however is of
particular interest in view of the amount of data and documentation typically required by

Flow Filtration (HPTFF) Modul e 40. PEi/ys2085/029877
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inlets and outlets at said distinct mxing zone --
together with appropriate selection and configuration

wobtookles2devi ce' s conduits and TFF nodul e - enabCEES1008029877

acconpl i shnment of said | ow m nimum recircul ation

vol une. Automation is enabled by the dedicated

el ectroni c data processing network, configured
specifically to collect and record data associ at ed

Wt Fpgplﬁ@ryop@;nggq & “@Rlify"hier fammeraialguseg said process. TFF-based
C onplopthense el e 6cessst fihdlideNfor eanghef eietoneerftatioy, diatdtyation,
al ggﬁd/&rh&&e@)gfrb%%ka}lésome ﬁa%stfﬁgrbq%rt reﬂiovél h)? cells; and the

i nvesti gat ed rocess at a substantially Iarger
scaldgPyr ﬁ'@t'ﬂ}?ﬂ@@g‘g'e‘a’@\f@%"ﬁﬁent device is well-suited

f or devel opnefitradduptrogetadt syytacdsehthe fdeicelaredasirabiyn pedepf FDA
TFF cOh@heR Smess USP\OMsY IV gested bnaterialb.e % |devigS arfaf itsOoompbrientd

it %E&l{d aTJ?)ebel crc}Mgﬁweg\ﬁth aﬁ)porr%onglugmrvgﬁg %th":lg %rlex?meple 1N

fil ion sses

in MeElPO méoammaosnr (CHRY R &AE Pa?ﬁ?bmﬁﬁﬁ'sﬂ & acetic =
t ypi2vial H§1, 2N guesar BaitohyK! ¢gudnadn@r detesggetnmoedzised loy Patyrafizafion” of
for oagmgﬁw.tﬁbmu&% ok, @vﬁlﬁﬂ@ﬁ%the_ﬁﬁﬁh ba.fs@d Company, Danbury,

bi ophar maceu Se X
contntraionvedy 4F pAFBESER 2052k dGren Hhsfe Ay robfie
bi orﬁt!P%@tW%@o'YNﬁl@fq@r isq. ‘P%”(gpoafﬁw%? 8@, 8%9@?"06190"43 &fethanol,
and 909 &optepy slemenaidi2en acdtonti@ Wl vetat). € sol utions. Al |

pr oduct cont aigrtefelﬁébr ér%@ g?g oF Jﬂ@ Bg%/ﬂt %er@/lﬁr? (aq%§\;er§9<la)éb|e

made of FDA co I ant
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As shown in Fig. 11, the reservoir 100 of tank 111 has a continuous

internal volume comprising an upstream substantially-cylindrical enclosure which



15

20

25

30

35

its distinct mxing zone and the provision therein of
sanple liquid sensor(s). A desirable configuration for

WO 200k/016233 i s shown in Figs. 1 to 6. As shown, POEUS2005/029877

reservoir 100 of tank 111 is substantially cylindrica
in shape, rests on tank base 102, and is capped, at

its open top, with nmultifunctional tank lid 104. A

tight seal is effected innovatively at both interfaces
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temperature/conductivity meter 165 is preferably a Wedgewood Model BT-724 meter,
both available from Wedgewood Technology, Inc., 3000 Industrial Way, San Carlos,
California 94070. The pH sensor 160 and temperature/conductivity sensor 165 are held
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webdeor@d; anong ot her things,

from Cosense Inc., 155 Ricefield Lane, Hauppauge, New
York 11788. Since the propagation of sound is

the nedia through which it travels, an anbient
tenperature sensor 169 is installed in close proximty
to the ultrasonic | evel sensor. Anbient tenperature
sensor 160 continuously acquires tenperature readings,
t he indidkica reldiies Bf theresdnedirmigo S pansera@ttaohment plate0129 (ekirtgzputs 121
Pr 0GRS BL) hd REHsWQitkchiment\WR&1 24408my nutst126 &t 12 f act or ed

t oget her Wthrhggg?.wamﬁ&mq of%%fresem# séhsdiRf 8 o‘&%‘?& fie

determination 0O vapor acc
r es @ppBPishment of LyHliEedcHgien YA $or rﬁsoﬁ‘im‘t’%é‘ ﬂpft F é% énﬁhe
| ev einctwediig-probidd 8nd bfetmth sepsdro profude i imel distinetidixing FoneTD of the

avoidedi foo, fms aio@.nb e .&%ty &an,sléﬂu.mtt@ rleeé#vd.rrno@ kPGS

proxi m or 1

il 8%'13?6&%4'&{?“9 adﬁq“arcéq' d?oAla"asz'é? "‘F&% ae d| r ects an air
stream (;.e. D'%tn?tau@rs Zopes5 ?ﬁﬁ‘i’?lp@}"d?%mk?rﬁ“‘t%@'cfsﬁfé% 18ft: for
sensﬁ)rnghﬁﬁ théresyn)ielding aandlé admdaeue Binplgfrobomdensaful dara can
t herb@%huuréon ﬂfé%@l‘gtlcw (gfha rﬁ%et@%@ﬁ&tw@ﬁn c'igiiﬁctnﬁlﬁﬁge%e 5 can

i nvent| o 5% f $ rs f ?ﬁi

acqu‘?sF'é'" "?r?eé ’Pfi‘"P“ pﬁ'r‘??f'aPVeE‘B‘r‘a&" %E%g'gp 'S'H‘Peé‘ Y "irepiation
pOSIVQ'Pftm 8wl theiptatrigiont df the MPttOOW'aTOé'aQ ¢rfds pike yeasass (o hulb 161
(Se?f prﬁng?dsﬂrgmbcﬁhﬂ pobk4) 166 @Semﬁéra&ﬂdco%}iuctlmrsamo:j 165) into the
pre e 0

CondTil tihe, biSca AS8S, be Srated B pREREChrB or oppruise
net é?nS%[%Vq“éxfﬁW@f'@r ably a V\édgevvood Mbdel 1600 1200- 00
nmet er, and t efopdaualtyunrseéat tha diteral operafionrefttier miki6dhzans, tank 111

pr eflseﬁré\hHeM with V6RIORURRH s gﬂ%ﬁ’dsséTrd@éhdmb@r The@@%ﬁ essentially

avai | e

TPl Ry b R o AR P it ra sy oL, trovon
sengbich amoem cwwe'ivamsm%ﬁ@m'ﬁd\qw# i W8 Royitianeat g otapsof dank
hel dinNateatignd fInab itargetd the arbewiiedS A6rE GighifichMQariR\op&atusObften

at t %QJ&F%% wﬂ%}r@tfcﬁesjeg%le( %%ﬂfm% Mﬁce;%ﬂat %qiﬁ eaﬁ%d(gr otp]er

sensor ‘attac usin

par CPYHIOBY $SHYEAY) lief &n 57mehe T Es RV ededt 4 epaypig e
i mpdunctnallypobing @ndsce dathl serdorse the aperaticpvef fieunapnetic stirrer, the
reCIcsrcaw.b@tah@ruaM@I &n@&ple%u@h&vmmbne@i @6 the §dnpl, lidulias it

f u n %F)plno I ﬁes ay anJ caPrQ:laxvn% é}g F %fte Iev&t ?ho%?ﬂ?u?nraﬁ Tgl%?%%q%gt%n k/vﬁltbg

aI | &V PRgt 'lkﬁé mﬁg]séqr |°P§¢’V6F°“s‘ﬁ?r1;‘ﬂeé’f Paqhing analysie |'§@'§°@§§fb4f’of9f
100 ek#nptl; anecan ude a gnatoeleditnohb dévza\sechasd @Gspedreptotometdr, that can
analege ditto Q&\gntg&ltﬁe a&ﬂ WheSds Elblqr&row@écﬁﬁy' tﬁ@ﬁon%r?&' r@g s@ﬂ%sés

can $r ovi d &/Z ? rer
xRy B e, PRy S5 ARG ot RS R e el coments
sanphag ake bnemiidyeh useful data can be acquired. The

operation of  ARGHRbhdCcoRrdl BysRn tdyferdtule, i t il 1i6 probitied wig

zone ,§ckg@&o SRl %L&.nd @sgf)an s fsgg Hﬁt% oﬂbkep%oemfbé?sl Jnymternal

frust ['JEZF OW recircu
vol #2185 t“f‘h‘éh Whi Ei"t ? (141 o1 f'6‘1’ frorm &uiq isE 196 A% PYtPE EH'"o%ﬁ"ﬁd 89.
endgn bé etmbaiingsanshows in(Fig. @. jack&UB® ddeS botabvep He Sistrsbmixib g @one

and gr ﬁb@&urﬂeﬁﬁat%dtf%w%srﬂaléwuyeéfa&radmstréswvs.y 1B N BrhiziRd e

into contac? area for heat exchange, a serpentine baffle 182 is coiled around the reservaoir,
ensuring that the cooling/heating fluid spirals around the exterior surface of the

reservoir 100 before flowing out of the fluid outlet 189. The fluid can be gaseous or

by the tenperat B€BUSL005/029877
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wo evoamed2en. To visually inspect the internal

m xi ng zone, physical obstacles are created that
prevent, disrupt, or otherw se constrain vortex

of the m xing zone, tank 111 is provided with front
and rear sight glasses 140F and 140R These are
essentially portholes through tank 111, nade of gl ass
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by an automatic control function thereof. The
operating instructions for such automatic control is

w@e@boe@bd y established in consideration of theCT/US2005/029877

specific design features of the reservoir 100 to

t hereby hel p prevent or mnimze vortex formation at
low liquid |levels. Although sanple liquid is contained
during operation in reservoir 100, in typical
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For the present invention, the preferred tangenti al

woé b@aroké2ss r at i on nodul es are commerci al | y- avai PabiU82005/029877

| ab- scal e nodul es that belong to a "linearly-scal ed”
famly (i.e., having linearly constant filtration
paraneter ratios throughout it nenber product range)
and are engineered to mnimze internal and "hol d-up”
vol unme, for ebharipreased: fifeationPeapiadity @ehiexed tipughhthetuse of two or
M | IoROFFe mddleb icsPprovideadtivanyaged wHidh fot @értain THRIFespplidaiidys, d8n

H U%e{ Ab& SReuaC gswaﬁk Lr%%t%é{&nﬁt_ﬁ%@@‘(rﬁ%taéeoﬂ%e device's

t angen tration
fil t"’\*“éﬁ“l"b F?C'fFHHLH"eW*PO‘el -5 A REEEPG EATEFROBTRNEWith7 e Spi o 9
and ingerfab edursqgsacfegach agditional Ananld. | Trchasged thewalpdionshiseuch

out k@leadQFikrstioh CapBif), th8 follidg@RAk dréVic@S filPfioh df&for sVErakdnulti-
ret ip'; %é&leo%twgg;ah ort 82. The nodule 72 is fornmed from
e

ffeate screen 86, and a menbrane 88.
In the first step, the end cap 84, perneate screen 86
and rrmpr ane 88A88’c&elp| acgd i ntaysereerdl d gnd dWeChannel
pr eselfmimd it Petieasm g My st ) ice
over mgl ded el %mant 9%% hen |§ pl ac§3°ﬁ nla sgcond ngld
and aschgbastl c 2conposigion isinol ded2.about overnol d2
el eneg9t14@0| t 0 4f or m sel@ond ovérnol d eﬁ| emgnt 72, 2
i n¢l Yz retéptate | dt pért 82, geec infet port; 80
and—§4¢4gelu caps 9 I g Tap ¥ hasxiEotes
and ?@680) accemmdat eéoporjts %6, 78, 3780 ands82. The6
fea . . .
igrs?ne[hegtg'bl?mwb‘?u ers ;Ioot e%gszecgné ﬁmg&grjélﬁgs grera cQEQc@gbaes@&* ﬁgﬁmp
samsanggiyhat Aasscfﬂﬁfﬂ Lﬁ & Moy chacpgl cefpusation éP'?d dor dovp VigRpriyend
suc liluis apdlitdioran aadheerkarcis = 0dw efizhndd @ordigurgtion Lluttedafeo vivCto
We' (ijrltJI]lg dle?é vugéagtyla'pﬁﬁatfoﬁ)s @%Qr(@ ChbiHe! |Q§rﬂgﬁ@ﬁ§mg%§ tgtrl}Qtton

ermttlng ormati on

of é”'ﬁgf"t‘rﬁ'g? ‘é‘scgf'tryé%‘? %‘r?d"dé{‘:trc‘@l‘:gﬁ?g"tné stream Suitable
seal i ng conpoAs tshewrs imrtee sautamatedr Bhgeptiah nfinut ififtaion process

! OW-eREbhmekt Ndvikd180 N'Bd (HiA St iaCoodethidh Bl cah@id 040t 4r@ Iprovided (or
| ncl kAQ'mfn AAOREY be%a%ﬂf %Qﬁ\%ﬁm SBVAEREs (o) HeY Fblitlof? Bfior

PFA FOhI%kAN
pol )ﬂ@“t’ Hb?aélﬁ’lef"ﬂﬂé fo ¥ampag (e é’Eﬂ°b’nE>‘ﬁ m ﬁ?B‘PWﬁ‘F 8¢ sub-modules.
pol werdle bemameer, @ettery] andicompléxity Uunaachnmwlymynepe(mpn the

Pol YGRb& o s@étﬁﬂ%mﬁ&@ﬁt?%ﬁd sﬁB hbcﬁﬂzs Ofn 4nbdid leRBodirddhd of (e

like. Referrfin | 't

g T8, sy, etk Ao arol) o4 s, Bt dBfine JSaplngR i the
conrmesetvpipH001(1el, the distingl raikieg 205f Adergodand the tanaf:ft!'a'pf@wﬁtéramoe
conngatie 200, 2 18id prodesd Gtreadret@@udhrvinich tthediqsiy Sérepile i& @onducted, the

ulti %Es%l éfreSrgtﬂ% %'@lﬁ%aﬁsmmlr‘%'&g %ﬂ)zsatdh{aﬁéégtbl flow filtration

connectl ons tentate Is renoved fromthe

md@%g'eiﬁ%a%ﬂﬁcﬁtﬁa'? KESYRIH%onnect i ons 116 and 24.
Pernmeate i s r @&mpviedo partinuiat Imitatippsl tol teestydeld cenddit dsg@. Potential

t hr QueHit @@Q@ﬁaﬁdeofés exdfhple2fid diged; bR tebmg, AMMEh& PRAReN 4

Shov;\@sslages forgled 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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provi des increased filtration capacity as conpared to
an apparatus utilizing a single filtration nodul e. The

wo p@eeaessl filtration capacity achi eved throughCt/ig2005a29877

of two or nore TFF nodul es can provi de advant ages

whi ch, for certain TFF applications, can offset the
ensui ng, concomtant, and otherw se unmtigated
increase in the device's mnimmrecircul ati on vol une
- i inert,, syathetic poly@earietubing hadgoandietainalvgdianteter [pé appiesinagtely HE0
I nt %ml(omlcy,yres of each additional nodule. To assi st

in the val uatAltg L.\gﬁfsarﬁagﬁ{bld F%e%ggqetg Lid %J dl :91'3 re-Girc latted

capacity, the ion
for befileRDrag repRAYaTi 190 FRHnerizeRnEe Bon iR RpAAD0 d%apsvstem
'operative edwithliGv sSmpleeand/okoll&h pmduet frdny timerto Dee pxdesiradPthe
DeV'pﬁ)@és qgveggﬁ(érﬁ @éncM%O % clanf urgd Qél-anl o&enOQﬁteQ QioRg Pest Resd
é ]h? 100- 140 % %
170 sngtf e meg mgmﬁari@carp%atﬁg eg e rfTo ofgargpligm%fr%n e Tluid
340-pep0s E8eapy . Bheglogapions ami degign B s\wB aneplRNE S Pe 39t Ptigilarly
760cfRs). Rgddleds, BOpunidsdslof Abstlationt Reerdnadisenadato Figfe waertio
the ?eyhg-' {Qm% nﬁﬂ@i(ﬁnﬁ Oagn%a o%faﬂ#C Eén}f)leb @ﬁl@goroﬂ 2P Pprovided

cap gm ty

conﬂrqjiﬁcgw t@f?resﬁndtagar ‘P%ﬂe”tfab@@“&/ff"?&%m?‘{}gazﬁa toypljoyyrgmoval of
applceromtativatyssmadi voigheSefrsample jliguidafrgnh they floid praseds stream for later
confahg}grs@t,d,/&ra.sgwat ed for lowto internediate viscosity

appl i cati ons; in %e etm% dlgentgﬁ%lnﬁéd m%ga?fclo‘?é’&odshﬁragﬁh 812 are

configuration
pr o @EEgulasy FROBIW qdé?gegﬁgand,qgcogm;ﬁn Vi tf“h@”‘ﬁ[ﬁ‘t@ ﬁﬁ[%%’“'c data
t an@gepéssiag nétvarky th blldin aatiseoto porgeressredesecipegiifabin t(cothparatively

10 gﬁnalﬁ\/&ume%’of Qanﬁfél g&&t #&Wltrﬁfam@pd?gwé %Iuﬂggo@sraﬁ:ple liquid, the

prOV|ded (or

P S & PP A BTt PRl PP G5 2 spprast to
f | ovheafre-sadpbst-TFR samnip ¢ollectors &lfeang) 81 éhevrsg-iapd 8oskJER eytiets
COoNBen aRf s22anfodgt RisdWHeHr @%. deVibi'd @ectrbric QuTPOtessifAhdhaIT;-

and co lvga%%yegfab;ehe conduits will vary depend| ng on
t he n PSystem conponents and sub-nodules, in a

basi ¢ enmbodi nkmiuraly o yavisne PeiiAees 9'ore /iy OtP?{‘é'S%(S‘f?Btfﬂ"f'g’
400 pedripatedhesfiuidtpireedsstietm iderkgutating thetpet df équidweinple theethrough.

resegf Még}aqlor{l-ﬁ&l gf'llqtﬁd throuf}ea Gglv%tvohlmbenrdﬂ'uﬁbrﬂﬂ\eﬂ@nﬁe Qalve is in an

t her eof t an
"open' ‘)or ﬁ}:Iosec}' state o %eslgr%la g‘lrcurtnlstg#c\:/esf - lal%: Jﬂ%rme iate state.

in the automated tangential flow filtration system 10 illustrated in Fig. 7,
two types of electronically-controlled, in-line, solenoid valves are employed: ie., (a)
valves capable only of an "open" or a "closed" state (e.g., solenoid diaphragm valves
available from NResearch, Inc. of West Caldwell, New Jersey 07006), and (b) valves
capable of a range of states between a fully "open" position and a fully "closed"
position  (e.g., proportionally-controllable solenoid valves, also available from
NResearch, Inc.)

The "open-and-close" type valves have one primary regulatory
function: i.e., they dictate whether and to what extent the fluid process will or will not
be conducted further along downstream conduits. The proportional valves also have
that function, but they additionally function to -- as a consequence of their capacity to
maintain intermediate "open" states -- influence the pressure of the downstream and
upstream pressure of the fluid process stream. This function is particularly relevant to
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nodul e 200, a fluid process streamthrough which the
liquid sanple is conducted, the process stream fl ow ng

wo c@ai0z@ssl reservoir 100, into said tangenti al pE¢T/U82005/029877

filtration nodul e 200, and back to said reservoir 100.
There is no particular limtations to the type of
conduit used. Potential conduit types include, for
exanple, rigid pipes, flexible tubing, and the
chathesbsratmndf yaéve S48 @nd $neeifinalty. itsrabiity t¢ spcemmedate trapsnemprane
dev b@@su@duﬁer&inme tha€ @fga0dtedMpany Gsafe of THFetystembriRarkOmsdules

val . Typically, the plurality of
c:onxplﬂstﬁlLE 0']H in the process devel oPlrrent devi ce 10

will incl ude %Fgﬂﬁd%fﬁﬁf@’p%fea?f‘d’ﬁ% - "BPHES its pfpcement, structure,
pr ebed ppdatembodharinbe corlsiderbdi with gh ¢yl gowanth dininiging, or more
e”plp%%lyafelﬁnuﬁéuﬁ@(b@béﬂed S4eRS5RBd V@lrhe! in the process development
bi ol 0\90 ﬁ yinert, synthetic polymeric tubing having
an PRTE€rRal ~ di amater of approximtely . 100 inches
(0.254 cm). AlhehblRyings &akisi &etp i fgth dhq évPPn@éndE@PQf&Pnb"é or
Ci r capetied")adnd Wasie Curictanl oft edaib @f teevalves @sedemethy Gysterl A0

andm(,g,gtegw;gfatl al flow filtration nodule 200 during
system operation, to wthdraw sanples and/or collect
prq@gg&t £+ ..I.R..c to—H+p, on

devehEEET bR 10 | >Té$|k"f§ﬁdt GERG R@@Ia@ﬁpasﬁ@@&sampleﬂuud
system Al dng these li n=sqtofsaaertoam0e rrechanl SnB_are

i NGy %fprpplemlaeﬁabj_e_ RIEH g p

t he@! e 306, lose P

Vblve‘fi'o?; e fAuid (
suc¢h nechanli sns are not |$th

Red&eic 36 s, Cﬁp@m/CIwr poses$ Rehiated da@sqeromaunmlwd Kretéreateenlc e TFis
made_t o_Fij g wherein npdgleﬁwlihrw

Valv 312 w/Close . Regulates €0 sample u1d ( ate) ouf 0
and "Bst TFFO"Samo e col | Gt BT Sl B o%ﬂ@’azzz
st faaa@iL£al [ gpepCbsal € anl Rayukted paisaje@eainpi@iuidl (bedvéate) out of
filltration nodule 200 t ¢ TErodye J08tngyghiperméate outlet 220 _
conpa¥e? ve| PeYRERl vol Jﬁg@g'atﬁf°“§"§i‘rﬁf°@'_d?‘7"qfﬁ’fdé°rF‘is'i‘j?ﬁdF‘FFé
f | AN d ¥ B C eSS opatkisraT | O UlcaiREgIRETEHY SFesSured R e FQRodule 200 and

di gposal . 1in _the enbodi lmmbyraw ambr@duremﬁel%mgzls thBrem
colllValre 33y s 189men/Glesd 312 4 ¢

{ oddakeazs | OneniClase = I Filratt dreip valve , N
I Valve 324 peh/Clgsg > P~ = Ré’ddlaté FF filtrate
el dctroni c data processi pmeztvvo 16 allow a user to

pr Qieiganzé or | Grelvelase S ped Phsi-mdvibend scampmmsminam @ve small)

vol 28 f  is@peniflese]| | qui-gl Pospmembigie $3FP'&iggeve !)cﬁal!lya!;!@e[

vol Yalve 330 ¢ Q,pg Close; - q,, 1 Filtratg recirculation valve, A _
o Wave332’ P Clgse' ' A7 z 3EsHdt ofsdmbie fiutd' g Iid G
wi t|h pe re- TFFGBout et 820 admemﬂo-tﬁgo@tﬂdTTEﬁudear&;) In

corjtveigsid4 t O] OfeaClpree- an Rgm@tes pebshgedhgapblefiugidritd teco-dove
810__and 8121 the pre-

- though al SOAlP”aCi' e égﬂﬁﬁeg%’ 'u%, absbvee lta%rét £r8 r]aq? Péjegt ih el%ﬁl’lc

processin
P Oreabor Tt VAT Gaalas BHEBLe, NEHML] B o ProGRHRR Dtk
f unatithamadicyptipn ofxialve Bes, tathealvek ideatifipd iDdfesabosd talieavef "osrmally
r eg%o@éd mhé B&nctah@vyeo‘cthek/ 'r&ﬁ#lﬂn %aﬂﬂ%le@ &JP@&I@SQ %E’Mﬂbd by &hd

operation,

upoﬁh‘if\ﬁ*?ét”ﬁ?éfj nﬁ?] an cmeql gsl{?tes bY Hev&:ﬁglla S data processmg netwo%p gtger

types of valves, such as pneumatically-operated valves, can be used.

u?ihtwrrpw

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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"open" or "closed" state or -in sone circunstances -
an internediate state. In the autonmated tangenti al

wo b@erotd2bs rati on system 10 illustrated in Fi g. P@T/US2005/029877

types of electronically-controlled, in-line, solenoid
valves are enployed: i.e., (a) valves capable only of
an "open" or a "closed" state (e.g., solenoid

di aphragm val ves avail abl e fron1NResearch Inc. of
Vest Cal dwel I'n thRlewo@iesEH sgsten#ystratgain FidoY. esaanijaliy two types
Capamnﬂin@fpuﬁ\pi #8 gz i S hahpresfied puRiEVE dispfatdnheyit (HEPRYYUMps
Bosgrﬁc} gmer%gidﬁc@vategl &Xph algkoﬁlﬁﬁjps pQﬁr'\e'} th( @onggu'ratu ns -- eg.,

opor t'1 onal e sol enol Ves,
avaP'P%?BF@”‘f"?fk‘ﬁ?ﬁ mp@}g@a\lyaﬁlvem H}?f"j°P"ﬁﬁ‘g‘a"°8@eqﬁ“’%{h8'98[08%%03”3’
typerlveal ales- traviee endoypd.i natsntialle yedfeltfioidig migrorumipotevices are
edlsclésg@yar@l’o?ts'é'ffst‘é@eéﬂ'&iﬁf dhtlore® Mhat Rxh@d)t ubh®at. No.

u%@séofeglc e éUgorY"{at' 4 oﬁl%g&ﬁ& Qagu Btseﬁ fN t4rb%5 742,

downst ream tiona ves

o Cbouted s B TISPOEY SHE0 Ms: PP‘h@?/ 2G0T 15 57hiep oA Prosperet
f unet 4.an Septemba s, moammseml@acao ., 758 J0 ¢4, issaegpatli Yan lindel on
mai fiRixNdoft er medi ate "open” states - influence the
pressure of t str

Phe flui d pr oRBSEPUEAstRRd Fplogt RpROTR P 4a6 ohl 22)
par eiecalsa¥ |pyiming) Wmlspﬁf@trﬁes%?iﬁﬂa¥¢%f?ddﬂ'cﬂ?w% gapgble of
and pepeind & neahétylic, inkr fitadopatt foythé BispReyBTRIIA bty or aggressive

tr a% gge r@l @Elﬁngpg ge?ac\)%ifla‘sleqﬂomé% 8?@%71 @JI\% Fn@ BQJn‘oﬁnl.\!ew Jersey

acco any u -type nenbrane’ nodul es
TFFOf8ui e 200). Regardl ess of type, each valve -- in
respect of i t®ephigereessure ,positiveudispiacemerd ridPrRIPepuntps caperates
S hoylgl trQ]?thG @L\/%H Aer l&dqu dathpRMo&k)Rdt ﬁulef{)@té dndgi:d’rbiaﬁiy ZdgB¥er vidth
refera I NQ. .S0- ) .
e T
f ol HBRP fympatipenEel BURRYP 14h 2ph BPFR) amp 51§ The preferred HPPD
" pr epogst 4r@ Foddry rediprotatipe puntds Geeh' 9s disidsdaiais UGS. Patniib,i 50883087,

cer qs@ue@ t@B t Q&sl\é?l&*t ?%n Bla%@g'y h@ 15§§ear§iya§£|%m: arg'n Ivek Cor oratlon

illustrate

abo%"“f”ﬁkﬁpéngﬂ?'% V@&"Lﬂ"b??é&’ P fW‘? "E‘?’%sé PE’F?PC'S% fhﬁé‘F‘G?es? P ’(’i?‘”m
" onTefrdulatiemeduog, e HPPBIpurns shbud keyeontagred @ gfiminatepr otherwise
pr 0G&aHE&d tﬁ‘QsoEB%tléﬂOHééd spckdh whére nexempbieetn of val ve 318,

o onaves R Lo BrblBiaPR R AR ne BSAPILY

closed in the
! o1 Sadegnptiogtion, Fse §<bsaRtel AR SUBMBERh AP GRS (FFogE P
I nt eiramstaogee that sérateed lythd evinteaded Ging uddesizedpdenaterstiinng said

net Wéﬁs Gk, F%{e lo¥ 86 taf ph\{l%a\/ %@nforﬁlﬂﬁbh & Sthe protem s polypeptide
IO23%@%“@%%5)%%%?‘&?%@0‘?9“ %'@ obm?['%ateda r]I'ge mgc%haplc% ﬁ@%r forces often
or etddeqedinge ergraben & ArrlalnpuBPs RaiRkIEY 2t s ighig ntsfeces (¢
Pr 0Gasess t Ha@éledrD litked (€ prdien fdbiiraibn,| anquaddorgiagi| should be

t her .ar r :
el eCrrtﬁt g{?? grgcp?r gy{]doeh %rtg%‘f&a}%r@, rﬁarm;a@t{nee, 5n%qncor‘agrja€d’n of the device
10's pumps 510

As indicated, a plurality of sensors are positioned along or otherwise
functionally proximate the fluid process stream, each sensor capable of acquiring data
about the liquid sample in their respective areas of sensitivity. The types of data
desirably acquired are those pertaining to the tangential flow filtration process under
investigation and relevant to the upward linear scaling thereof, and typically includes,
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WO bdoasea2at ed in Fig. 7,

means for driving sanple liquid through the fluid
process stream can be used.In the automated TFF system

"in-line" punps are utilized, i.e., high-pressure
positive displacenment (HPPD) punps and

sol enoi d-activated di aphragm punps. O her punp
configurations -- e.g., piezoelectric-driven,

acobgtis e lihigedde. itereneratire; EHNRPISRE neen PR iAtion flgy irgie rponductivity,
el eqaéw @ftaal ineakd. ey et@tys, probes, meters, doe li@rspristyg @elices capable
Pot g{g gLﬁJ dlgysu (?c:ga:%agfbla Widi e ﬁbé‘ef s‘RméUTF? tr@ea\‘t'\nﬁl%o@ro?objectlves

di s and est ed n

exaffpped menags °f3'5f°’p g glcgg@slj_i% ewt:legig:r\g) he ?ednc& ;gcorporatlon
Sut widiinvelte, ahwpngmheAth@gstesta@shr@@mt corlneg@vitymth thegta processing
4, 938wdz, issued to J.G Smts on July 3, 1990; U.S.

Sept enber 4 St EASSEof nfrs RAERRLT, b plorley 128
t opppwogéﬁ |IE§tﬁxfeg||n %g] 7. J Mf@mgularlaj,gig frorﬂtllg sensors used in connection
sol enioihd reaetaiatoedheldaish GgsenpumipdudeAe feed penjyse SAYPr 80%a

522) ot kfe presifiel seRor '@M‘ Gm lﬁ)e@ iz pPRENS séBor 608| £M@EE flow

ﬁgtnlflrl;?%f g?e{nlaclowef) ﬁggf’ &r?ssura sensPr £1Pp£ndt%gllr39 UQI meter 612 fThe

hi gffelipwing tele UPV'%P@ Greawadtuyes apq functienal datadfpr e]ﬂﬁl‘rﬁ%s"&r e
avai |l abl e from Bi o- Chem Val ve, I nc. of Boonton, New

Jer “"ééop_/OOE; iRt P eSSt gy sttHvedisptacenent
( HA PREEIRS| AR®RFATES SUCN T [s¥hsof 3&d fotTatddiany ihfor@3tiorlegarding

i qédbd sanpl e#1§0@§-l4¢§t fluct UMIEeSéHrm%@emeaﬁI"}ﬂ erQg'@M?mf
. he'I;FEgeV G Ay o AF

Wt ck—prbhssyr IR E:n h

afe” T T"Foxb iring inf 3
cl R G o Pl T R M Lo
purr;serﬁarztm ang HPPD Punp 516.) tidmeF pevieé.er r ed HPPD punps
ar e Uprst Eltrate r paxeradt@t i ng punp%"%’U@PP f%’ CQH'I”@C'I“Q@%G" feﬁtffd'ngl
U. $oepe, No| BIW6XOks7, [ ssplRfrEt b OB el e

on %m@bﬂ Z2PBadde?MSler and aval Mekdd ugd fidr @tmhlhﬁéedformatlon regarding
Cor mtemos on ﬁM/NEnOt h Springf t&d fldw at\heroptietpf the)Mias@hanheh

t hd t o§ i ng t he Ea#\mst eﬂ iring ir)fonnation
fil

red |Pfef°‘:sd’ g? %on Ve 0%%% t he HPRLRR S SEaU o ess?;eat'{c‘,,}“ﬁe?n‘;

configured tp elim nat e or Otlh@iﬁWlt&ﬁpTFf(Mst he

essentially two types BET/US2005/029877

so-|Fifaled " dpWedosysates” wher EAfOPYNY sed ér peaing '”?“iﬁ’la“m
cent®*rP'Bi opp&i*fraceut i cal appff] ,{fgfg},’:ﬁ@@ﬂ?bﬁmmﬁe mplprgles in
sanptetTgurdunder T nvesti gatl on has substantial and
si gni fi cant PK ot e ntent I, C r tan
that can | ead 4??%‘38 taé’tr?a‘ S %ag uﬂag EOW qﬁgﬁon peSss
denaipm*oamiemrﬂeme é%l'sdpfa\ﬁf&ﬂé'Y'thsa"(Q'Q‘J&?",'c e P'I°6%5§'"9)f‘et’(VPfé for
phy sédaing,C poteasingt 4n Nre@rdirigh @ati rastceiated Swippolhy peppiatiahe of, for

Conse&érw 'Eh%ya%vu?él%hgs Qave@vm@@,@o@ng/m amra;rh gamé#nal ke

mechani cal ear forces Ofte %} el(ij f

oper{&hi G B gl fensipe S'g?fﬁ f 815?' ‘1°§/°"é1°t '"g%fétf’l‘?’d% o]
i Nt esxdronte said pdmpsevalyes, asl debroess JThe teeaydedigete qolleftekia thetcgnduct
pr otge h 'flang&iﬂéltﬂbw AltrhtRA ,proaé%d (ROt vIlay scad0dnbeld besufficiently
mti r%%r?rgen%\r/]ed CFteEingé ‘?Sr‘gk b{al%&?nn?ce L)ﬁr%d dé? Qn) the conduct of the

manu I nNCor
tangential flow filtration process at a substantially larger scale. The data processing

network will comprise circuitry, wiring, a user interface, data storage media, at least
one CPU, and other electronic components, arranged to effect electronic connectivity

and control of the device's components.
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10's punps 510-522. As indicated, a plurality of
sensors are positioned along or otherw se functionally

w@emgiopase the fluid process stream each sensBCT/US2005/029877

capabl e of acquiring data about the liquid sanple in
their respective areas of sensitivity. The types of
data desirably acquired are those pertaining to the
tangential flow filtration process under investigation
and rel evant Ascshpie inuigvatod thej dataaproasesild; ifvorh é rcam fnclugmel
t ypb&ﬁduley 86 Nkddd@Sarb ibiustral pragramingdld &dict @ptrdlieNrRECADEI e

pBﬁrgr?ﬁﬁxH&? C?gfé%ﬁtfq'ﬂ%( Tt t%&ﬁﬂ .tsélf‘ |9K\édrt€ttﬁe e|8&18%¥£1§ béﬁ'tr&héble

ors, r ob es, ter S,
g TET Rercwain g e g wiken s FHE yavas, ik Tariheriaipy, ond
dat sersap). Gbe ntoglammeble logik ogrdrolisk is|elssedtidliy)a demcespecifigicprhputer
KNowea orodhid6ricnt &pal®br edtbloriBaiiyveekiingf prodte s @hdiranditting

S u ¢ Flear%ﬂl% 'thg q’ﬁ%{ﬂgﬁagr%mknﬁslg Io%ﬁ%orqg?{ér %S og(lb%} {t)no . %& d?{g and

nvolve, S, est
conhefc%mww WfﬁwgtSﬁ@Nad%ﬂhafefﬁ'r yiehgp ngupapéeqwnthp\and to
pr ek@tig ©dknt adnirals ttheo progémpaisiogis condroldr ST | Bigieal 1éval dpbrations
aut QMeeﬂerﬁag téjgoYHth@r g0 dotnlpMé‘?IJG%tarege brividel gntﬂmputr(‘]ewces for

articu
Wt AEPRRS FREER, P14 nt oML Mo b P dsgpg exena
i ncdigepasatign fOéereforma@}@s(frge 3 apepder. @lers, ghatedrie pod, gremovable
Pr esfatietc sraagMedBivespdic.upper filtrate pressure sensor

606, a filtr aAltﬂOL]é;h 3\% ﬁgfﬁrﬁ{d t?anompﬁ’xtelr Qé’\ﬁmnmn'c&gsalkﬁrectl Iﬂ\]NIth

pressure sens
f ol MWl fifghrdare 1BrtU9‘r'96re‘§e r?ﬁﬁﬁf“a‘é‘t"a r'%gﬂc gqngeleq At ’“E?fﬁaq”e"t
dat sorfrounicgtinmhisspassivle.. Wse phdi rredratimabieh pgig ugooinalere 89 afford
t ang@htagd, hbuewy, hithd daaies r@ﬁladéﬁw@rﬂ%ﬁ&b&@.)ﬁ@r'\ SXBRPterthe VasGatI

10 is n.electronic data processing
net \Rf)?r%{)'fngrbmrageie(:ré'ar{?g'lr']té'n S F%%ce'osn& ng, and recordi n% dat a

associ ated wi th§ P(ﬁ?ént'ﬁ;ﬂ@fe&?ﬁ’ ERitware, Usedyp Cemptas B8 is depgsibed in
devicotmenlyssipeed WS IPdae dpp. Bac Ne 10461 924, fited W L| Kasiyf B.OMolk,
an g &. naleteééw Fdn€ O(:ﬂob& 4, 9500 dnftRH T Jone@RSl PREess Machine
transmtt nal's (or other electronic

i nstFeEM % for exanple, said punps, valves, and
sensors. The Tf@c,f@md@er Gais areferriblyesc tneigbdol™tyeeparsona semputdr

a t @m&émtw.tal anfon@Wihérittidgs ad rhéuBe (OF GiRe SSer (nRirfadel ETH @bk BC
' abs c%sn%ct%g ot§Mkﬂbé$ ﬁﬁaéa&{ Lmﬁé‘%o)(/lb rﬁé?s %leé(.ﬁetﬁ%e

orl c ext r a I on
O o e {oRS R eragh 6 e Ay oty PrEIZaly an 1 CloBahgf hg
subsitddethaaivbre at aospecongaEngevell g pdmaiaanp egcremgiigation plugs are

ne: Wéfabw Jadceé%@fépf?dﬁ %ecshcfec&'tﬁé Yevicdl HatdAGre, for léﬁﬁﬁple usmg a
I nte

ot ha=BELEPT BN & RRrFORANED. Ry GRthGa 1L Rp o PRIy
el esbrfigurpd tocasaept stendard RO B‘PYGr @%f’ﬁ: fpblpte@pthnpllé;om_egtilvé)eprgwded
CONTicHn @it AmpA\Satml avBufiidient-i T8e sidlem chrrod edft@argri® QeBSAbNg "user

net V&R[téﬁar? %gtgleémlr%sg conmputer 86 linked to an

i ndgSty T al programabl e | ogic controll er é’PLC

pr ogr anmabl e T'lf’gF'ECt@B'ﬁt‘fal:ﬂ orFesgiae PetRY 7 ¢ Repre! Yﬁ?%%@&s 3
t 0 t"benredreCentroinPlatiorrhy(CEBN(arvaikle fybre MilkierenGerpiwetior of Bedford,
( I. EMassatcnc.fase@s.‘y' Sﬁee(mvi&lrﬁ_; JHYRMpliavednd @8pablk Ndhabling the system to
| nSteraé'{ly lrﬂer?ace W|th o%er control platforms without customized programming. The

CCP links all operations in the biopharmaceutical purification suite to a single

automation, data acquisition, and batch reporting system. Using a single control
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sensors). The programmable [ ogic controller is
essentially a device-specific conputer board or

waoeomponent capabl e of el ectronically recei vi ngPCT/US2005/029877

processing, and transmtting el ectronic data. The
programmabl e | ogic controller 99 operates with "raw'
data and has enbedded operating software therefor.
Comput er 86 conmuni cates with, and to sone extent
Consysengor atl hepaptiogeauiremdritesidniiesnty imorevesaeliability gl redycepias
|eV@Jst&B&aﬁ’ﬁ&r'tf@fﬁﬁlgGlﬂfhyﬁ@naﬁ@ét@mEd to conputer 86.

Conput er 86 %Qergﬁy %&EQ%QPIW Légee'nr??Hrrow th%ﬁéw Eigér urrent

acquiring extern boar
out patesHEFHL s vag PENIRB pmmm B¢ 1§ curent
i nf patiratAllasengoe irformatin D showorin real fime @ripth neveriorekd gEphiesl

r e”%?é?é ecr%g!é%% 'oSerang plar@n%gtelgﬁﬂd Set ‘éﬁnht\/\ﬁéﬁles Qr‘éceaguy made by

F nPEEDP 5 PR e a0, AR P ADURS RS, S8 V6T
pr o@m%‘m@ﬁmf e dispigyed S%Péﬁteiyd’le'l‘eéﬂ‘ “‘Eﬁ@mcﬁiﬁ%"‘?ﬂp? ect

conmuni cat i OrPréfératdy) pemiinetor dpset pefformaie @gsiciyrstolie ekweed
co nqun%L\LrWat@z% 134 £(g f@et&%\@%& ﬁ&ﬁ\eatg AP & Ers a*erfulfy AR Wik

epl acenent or

enaB‘r“i'"??dV WB%H\éf—‘rﬂukﬁ’aﬂ-F"ﬁb‘ﬁ"F'{"W '?13‘1"{‘1%6&’8 2@’}? ?’lﬁ‘ﬁ”"h f‘ﬁ'l?"m "
pregetnky preferred software used in conputer 86 is
described in m&mglt% 9&6h 9076 Grolddsd v ta. pup Fun tidRIcounbdd for
10/ 264f g%éé fi Is . Karmy, B. Wl k and C

Pet EPCER"GHPEY ober 4, 2002, entitled "Chenical
Process Nachlﬁi%‘efﬁ?'bg'ﬁfﬁiﬁﬁ' ofggierentiel PrepRyrec BRRYERNe feeg @nd
i s ptenfaer @tk Yn dhe' TREL 20D owklle tsyysed pethg datalprocensipainetvork 7 to

SUpPRLrrBdind dobleq BIMRHE IreSictiftion tdﬁhgg SThifl aﬁﬂ?bb%ﬁ r{e% QEE Ithat
user 1 nter nneC

PRI oS e AR 1e3 39 % BAss 00 S v ablh o
connpetit $reed shpHid viseasity inespase Aurise Pracefsies.f Atesnativaly. thgdeed rate
devbé}ﬁ)ehwaww@ pafarfpteef erably on the front side of the

device har dW%rSfer%Bl}l] aanF@% levét Q&Yrgﬂg ?r‘e&trng%fl\é eélnabk;r rv\'?ccgpé@@tron

and e-conmmuni cati o S are

access|
f r oMith fhe e?F‘&@'C&la‘atHﬁ‘é‘e?fé‘glnété’°'|‘ﬁa‘i°ﬂm é°'”'?%ﬁ"a TlseloRpipieoptimum
usi nge & dlagees sreidforlydgh efficietcyaercayeiaf srhall rlmcnitaraﬁpnméﬂ\lé'm%vel

ra?(:: 'é:&?'ol ctgn gscﬂ@é/ds@@to]a%w &od@Es‘ﬁ’T %f %ﬂhlﬁs &?E}ﬁé@l{&hﬁ%ré& than the
sta i.nt ernati on
@&’{‘? @?W?\/p? 05? 8§V et{%)s re%err]vmr 185 11?1{5 canan acccﬁ‘npllshed by

conn
S uf frersfexing feet fram §\asges ﬁ#xé'ermqswmfé’&fﬁt RﬁaPéthie§e'®‘i“é’f @Vabl y
"user sw t chaltRiablpetheveeite bay inaesporEeito sigiets edrsdiltedby te

d

at %|38F09%§§t§'p|:}§13 %F\E, W?d;./grkz gﬁ gug;?g%/lﬁrm g&qtﬁé@ﬁé grovide notice
M | 119 PSYSETERRIRT A PSrPresete it o e %ﬁﬂg%gftaée) excpqdgd.
CCP The elagro@PQatecmysiessingtnetwatk T eqnadidoebeofontayeed| tp 5oyt tdawn the
SYStyeiidel @ RRHI oy exaibR 4 &@-h‘@ﬁ‘t Euiddy @t is @Rétkddat though, certain
Pl at"rf\ &r hn§1 safet)rl] PrH Es alyj/%gg& %g groggtgcgﬁmir@gﬂse;gé&d, disabled, or

otherwise circumvented in such manner. Alarms preferably remain active until

ctive IHow

acknowledged and a fault condition is rectified.

The automated tangential flow filtration device 10 can be characterized
as a collection of modular functional blocks surrounding a core functional unit (i.e., the
unit consisting only of those components immediately responsible for conducting the
basic automated tangential flow filtration process). Ease of access to, substitution of,
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W@ e@aiozd2ss on,

CCP links all operations in the biopharmaceuti cal
purification suite to a single automation, data

single control systemfor all separation requirenents
significantly inproves reliability and reduces the
cost of operator training and system validation.
Preferably, a system di splay screen is provided to
showndt ragacement e eaghr of deswodsitan funediond! jhiorksdeady te adnyeercial and

??S}uhétlgm ﬂex@m{}'parﬂaeﬂlé\mﬁtfﬁtﬁo% JforaRsbnbibrebyC B ERiMipled thk iadition of
(0] (0) |
VYB? aophlo?ng func?ona oéuﬂe &g@fw o? 'guc!h tpﬁghgmn&tlgnaﬁ ﬁ\%hulés e

opepratqnwg infig- arfe&@rfgugalm av §%$Pedd6f’%t . «Pa|”t9€§eacglé'°%a@we§“a'
mad elo FitaeaeSIRITFR) Module R rao [pitiagitlet Absdrptionl Bauler®hand a "High-
Pr 0ﬁgﬁﬁnalﬁk@ﬁ%enﬁs?hmH.m%ﬁcﬁ\t(mpp &ﬁkﬁ@' tine trendts
are di splayeq Sep y Q n
ﬁ?) / rf%StOF Fon Tgnqur?t F eFlIlthlg ?ﬁRT%H’] %) éftg

Preferably, pU rmance e
shoaheloyest ecimaroge the P?R%’W?F ?fé?'PQ!P efPte'mS . 39 examnice ﬁt'%&?'é’ed
andsgagy e EcidrifieiibriTRitie Miicréorout hdmprahesnabd Ginesks Wutidg virus

m nhlgtﬁt :Jtlgn \Qﬁﬂﬂ&’:ﬁrb%ﬁ nfold\lﬂésd HF##V %meSIry%nﬁB}/st:; ?&orﬂospump (cf.,

accur a |tat|on In

Pr eP‘é?paﬁl1§/) '”lsﬁ@edsﬂ%“l’"éﬁ‘?afb f’°§‘ Br B e th? %F?rrﬂ“’f (i
t i mEarsmemiprare doptrol NWithyeLEHRIITE éunww'%eertaiprsw'afﬁl ogn result in

i nf stdmbpsa%orofesdutfofa@'swiebﬁl of Ploes@tpie, Rehmarnpdmediond.,

retental e pa l;t ﬁee(?Qc%.Jt.Qr?ﬁngcF?%QnommeMe suh§ce%$ &d nmﬁbtan%

dat a  processi E
rec W@B’P%ﬁ |fQ5'|‘P9pur?ptW°1Wf"'§ BRI oBERMh EANpBrett 9F MRl such
appbapirénaé. e Inphe presanedventian, MaIHRTERF medlled2(r ¢ongrises filtrate pump

grhgg’ﬁ; §r§/c{5gg%)gn% @onlalr]]\tg?gé Q{ﬁbﬁr?ctﬁ/@qb‘ b AR pREesBHgR:tsdeed

Al ternativel y" Xﬂr@"'f"gté%s?rg‘f% “@gﬁ g 'St”ﬁedsf8ro[ﬂ¥’595‘fﬁf%analys's
par afte divid Mpsbe stedaimy anc WAkl ds pasticeleryc B¥RY &) agsessing protein
Pr O¥bridekation. enabhe preséht GORMBA AtheOUItridid) Adserptine Moduni3o
dat %ong;{nge%%ﬁtﬁab.&gt QLorRi an&%é&ﬁgtc?m#s%e e eédné&.c.@% fp

diral'ysate an ficlency
renﬂ%‘éPr%ﬁ“@WM’W%l ecul ar species. The | eveI cont r ol

can al so be usigt-Pedorabricew poedes EiomgFityationat(BRES) o often
S amélnﬁloybe'd %Jbrgddcé‘[lﬂ@)ﬁ Ob(hﬁla phh@atiéﬁ) fdioR o@ prBRGiridtured cdnfaling

tr aﬁ@ﬁ%&ﬂzﬁdgsPF%%de‘?F is normﬁll)énot Bosmgle Intiagltlg F&z@%&&us%ﬁ%a&

vi a mempene pesesshe  SHPTEET ﬁe@mdv%w 9’@'0't$>rdéfP'éF°§Bl '9 th? W@e and
dev ltrﬁanéEQ of thé iohie $fo0d Serotir@ing ipEpeilsS Thik eitkmdst tadbebyartduated

el e%&n ?:ﬂ |ﬁg gﬁt A Q\%(?&w?css?r'e% {)]feat Wpl@ szlutch IFlor §)%||'HBQ &bBumin,

L St b B e S HAET goo0on w0
set tmolegge artee rghtmdfercahyvironmente Ferther deteile redziding h?B‘cEéS@M@gV
net Wex ke quriaafdr é)laﬁ@le be Rcmfde&lﬁ &4 BloRcts Bisendl N7 1422 1997; S.
ldle:gﬁgl‘?sega %txal Qgteca'l E@ umg 5?60 9@% 1&49B JQJ'- gtgls e?glf §t Membrane
Sci., 129, 19-29, 1997, s. Nakao et al., Desallnatlon 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.

van Reis in 1996.
The automated tangential flow filtration system 10, by incorporating a
so-called "co-flow" loop and control, automatically alters the central automated TFF

conditions and operating parameters to allow performance of HPTFF purification
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10

warswnezent ed i n such nmanner.

"hi gh-high" safety limts may need to be protected
from bei ng di sengaged, di sabl ed, or otherw se

active until acknow edged and a fault condition is
rectified. The automated tangential flow filtration
devi ce 10 can be characterized as a collection of
nodul ar functional bl ocks surroundlng a core

f untettingred. Thai"co-flow’ assemildge comprisesc 6NEINS PYTRYS Pnicp-fipy” valve
t hos®, @Q&’f}m&%ﬁirésshrm’fad;br%ml 3hdlsespoaing tdnbets f400 and connectivity
Con l{&et Ja r&g&r@ rkaIUtTﬂ ?ﬂg/v"tlcﬁaﬂ gﬁd@o‘n%l piolneé@ the ab|I|ty to

rati o roc Ease of acces

of ﬁ'ﬁ'dta\"e?J e DR SR Hé“"ﬁ’o%lﬁﬂgaf‘e f ‘?PHEE& ﬁl’Jf theater
bl ookduld 2800 3his t iromprtent fiar prbessinaisofutionstdr hish mpleguidr tﬁtmﬁ@rys

and Rlle@\W§ theatib UGS sbriy ca%ésp Q)B&htfbﬁ 0¥, higher TIX &8P kucet e
addle;enp veo%apabqlblho ' r%gr%ré %na% etfuLiI %E\LH &Q@J mﬁpgulﬂ?esretentlon of

Cer { onal _nodu
pr eéféﬁ‘tsé%F'qsrfP' igh h7°§@¥'V%fPPP§§dW%}“bﬁ?edashed li nes,
i.e., "Hi ghn Relgitdnutd optibnal amgeles i2al 3¢ aw #9.| the aufomated

( HRLEE&)MMSW lflﬁati%q'syé’mn Wb tnEIQdéls Ql s%tcalllées&f‘tﬁ@e%wmﬂ k&ture,

|:| | F?ag{l']goﬁo Lgr— N)bogqj{em RIZI% cap%r\ ggrlg I)()ttRe system 10 is

Tan genitizati USFJFJ @W Fpgegyres to crguce R Rf badierigfoopiamiapien 8gmedo
t 0 b&®Ww OCeUine separation of soluble proteins from
for exanple, suspended solids during clarification

wi th m croporous nenbranes and viruses during virus
diafiltration with ultrafiltration nodul es. HRTFF
typically enploys a second punp (cf., punp 514)
install ed downstream from a perneate port to enable
flux and transnenbrane control. Wthout HRTFF
functionality, certain separations can result in poor
separation resolution as a result of, for exanple,
menbr ane pol arization (i.e., substances in the feed
solution collecting on or near the surface of the
menbrane) or nenbrane fouling. A two-punp HRTFF system
can prevent or mtigate such occurrence. In the
present invention, the HRTFF nodul e 20 conpri ses
filtrate punp 514, and supporting conduits 400 and
connectivity to the data processing network 7. The

U traviol et Absorption Mdule 30 is used for
photonetric analysis of the fluid process stream and
which is particularly useful in assessing protein
concentration. In the present invention, the

U traviol et Absorption Mdule 30 conprises ultraviol et
sensor 612, and supporting conduits 400 and
connectivity to the data processing network 7.

"Hi gh- Performance Tangential Flow Filtration" (HPTFF)
is often enployed to produce up to 1000 fold
purification factors of protein mxtures containing
simlarly sized species. This is normally not possible
in traditional size-exclusion based nenbrane
processes. HPTFF technol ogy exploits differences in

t he size and
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wa@pabciops2se strength of a sanple sol ution.

t hi ckness of the ionic cloud surroundi ng proteins.
Thi s thickness can be mani pul ated by changi ng the pH

al bum n, which has a nol ecul ar wei ght of 64,000 kD can
behave as a 300, 000 - 400,000 kD nolecule in the right
buffer environnment. Further details regardi ng HPTFF
technol ogy can be found, for exanple, in R van Reis
et a/., Biotech, Bioeng., 56, 71-82, 1997; S. Saksena
et a/., Biotech. Bioeng., sampi&50- 968, 1994; R van
Reis e a/., J. Menbrane Sci., 129, 19-29, 1997; S
Nakao et al., Desalinati orgxa,;&1 191- 205, 1988; U.S.
Pat. No. 5, 256 S t% al mengsde Qe 1glegf|‘omcar\
U.S. Pat. No.A"524gHaed7'™F; egesy fY°RP y
199 6enfigiinest mtn tbwml@tioftlfaﬁqag chaﬁs'nﬁlfﬁwofkl 1"1’5?’@%‘ d?ﬁfeé‘,‘?@b’%rfﬁ
10, sth&tufaﬂﬁ&hﬁyafeatab wfoahsmg;abnhoaﬁle foaving Temé: | oop and
Co“’ﬁrgﬁ:\eger“”t errati+ecaH Y ul
TFFVEREEE hie®NS and Opefmhld paraneters 1o _al i ow
pe i Mol RedcutionMBldrkd-_ plus 20imV @Al 300nt echni ques. The
" cpCercenitionRalie nh| age cohdig/®2s " co-f| ow' punp 512,
"co%fe%%\é:—s'ﬂge“' ve—334 oAl Bt r ate—pressure—sensor
610 FecdFidw RHPPOT tTTY TO ViTy

t he¢ PdedsaTeppadg@sSSi Ng nef4dsrk /. The "co-flow' [ oop and

conkrol provides the 114 t v fnl maint ai n a ggngt ant
t”:b%%ﬁ?ﬁaer“c pressure ;xLS“E;‘hES%CSng t+he—tength—of—the

TFF‘p[Jer-HUIl:‘ 200 —This i T ortant _for proces |ng
sol[ufFeadirangk)or Whi ch nol @tahemin st@dwht i on | s aff ect ed by
thsl-'FNgP*e(l’MQe)anm cases &:J gﬂ/iﬁﬁi;ggi at a higher TMP can |

Ll 0! o r\n LvAo. ~iRA | S| rano on ot
recl-’cans\sfle‘;range)ejt H-ve——e e Uglxll?\gt10}[§5| a—rebt a”.c. anrd yet
I N GLIEET CasSes TTICTeasSEodle et ent ron of _smat i Speci es
f of whi ch The obj ecti Vb RegnthtoBgpaRsssirfie nenbrane. | n
addition tdn aopt i onal nprfifos 8elepr 30, and 40, the

// oant.1 OAAL 1 r

aut SEEREI g ent-al—How Lk LRt On -SSR0
I NET{dERatet SO- catt "—‘U CREngd: D-E1EHF (0B i VA SUYHDy: + GBI EH E,
endblFivag 1S0- cal | ed " Cl Erdngd: 016 tr @C £51) AckufaR}) +/e@s [ity.
Pr et &itatelry, t he syst e Rdgd: &6 mﬁp pSi)fﬁNaﬁy' HQQ‘ oFSCL P

rd el St 0 raduca tha | aual hae
p 7\ LY

- Feed w/ Jotalizer , 'R r?e‘:’Cf-IdO,m \ m “Accu b’y 4/“1% FS
C O G jI1I T oia OVt O PRINGID-d0 v Abburdel F s BS EXaNpPt &
1 AN Tabdid WioRkkerTFF DT Of R&e: O1E00&HI/@I TRedutacyd SRS,

el edbmeniveal [y configurEddwith the electronic data

Mg network Hac -R nge- Br1 “Q::Q- Acoyragy - t/-J° C
pra - GControl 2, " Range: 4-50°C, Récura%’i"-c‘-f- S - L
St fari=y=ey atH ¥ confi ot CJRé% | K forth—T i g. 7 and—t1e

f ol{i"oMicRg _Tabl er_The ayR&padewmomtF pr ocess devel opment
deVi-clntor ovi des consi s me%wmml on with good data

aCC I i rI‘k\l "n‘l:l | conﬁl o val o

Halor . _ ange Tofo ml o T Do pPT STV OrUTiE ST
AS roat et thetabEfae pdivealdILis MU TECT T CUT At TOT

vol[ume 175 1T&ss than 20 T@yﬁﬁﬂoamt he present 1 nvention

is discussed in reference to certain particular

embJde metomated RET progess dpksivemert dpvicscprovides pensigtent oPRRANNAYth

t he Jagn@fid &cqBibitidnNBing comparatively small sample volumes. As indicated in the
table, the minimum recirculation volume is less than 20ml.
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k..
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teaching set forth herein can effect nunerous
nodi fi cations thereto. For exanple, nodified

wendededrent s can i ncl ude, but are not |imted pOT/USIVE5/029877

foll ow ng an adapter mani fold capabl e of operating,
for exanple, a tangential flow filtration nodule
conprising three "Pellicon XL"-type TFF cartri dges,

i ncludi ng collective perneate plunbing; a data
processi ng network having an expanded batch recordi ng
featur e t hat Wikl Hél gsesdit idvehiidnl idsdifcassed Fif- refarehidel @oeertain

:'rg:ﬂgg icu ar e ?Qoqn% Fsl @%gf qsgge sl&lgd Sh the'J\ltI %QJH ttY\e %@geflt oi(the

rocessi ng networ
mhe#eépwgt%?éf%éﬁ@"f?ﬁ‘ Sffedt SPOFRY ’B%lffﬁa‘PP%m%?? 5" P ER'e:
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conti nuous internal volunme conprising a substantially
cylindrical upstream enclosure which tapers at a
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fractionally smaller volune than the substantially
cylindrical upstream encl osure, said reservoir inlet
and
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reservoir outlet being positioned in said distinct
m xi ng zone; (b) a tangential flow filtration nodule

whanienge283 feed inlet, a retentate outlet, a pePORESB05/029877

outlet, and a nmenbrane capabl e of separating the
liquid sanple into a retentate stream and a perneate
stream upon passage of said liquid sanple into the
tangential flow filtration nodul e through the feed
inlet; (c) a plurality of conduits defining, together
with said distinct m xing oaives and said filtration
nmodul e, a fluid process streamthrough which said
fluid sanple is conducted, wherein said fluid proce
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scale.

2, The automated tangential flow filtration process development device of claim 1,
wherein the functional probing end of said at least one sensor protrudes sufficiently into
said distinct mixing zone to substantially disrupt vortex formation.
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alternative process flow path. 5. The aut omat ed

tangential flow filtration process devel opnent device
wobkoosload2as 4 , wherein said alternative processpPEt/us2005/029877

pat hs i ncludes an HRTFF (high resolution tangenti al

flow filtration) |oop, said HRTFF | oop conprising a

user-activated second punp | ocated in the perneate
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pump Iocated in the permeate stream between the tangential flow filtration module 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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