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DISPOSARLE DIRECT CAPTURE DEVICE
DESCRIPTION OF THE INVENTION
FIRLD OF THE INVENTION
[G01] The embodiments disclosed hereln relate to a Hexible disposable sample
preparation device containing an adsorptive Rasctionalized fibur suitabde for bind and
ehute purification of Bauid samples containing blomolecules of nterest,
BACKGROUND OF THE INVENTION
[GU2] A pumber of methods for separating, purifving or preparing bological andfor
chentieal Hguid samples owrently exist, Fhadized bod clromatography, and
separation medium filled chromatngraphy colmas have all buen smployed with
varving success to separate anddor purily biologieal andfor chenitcsl substances of
interead from Houid samples with respeot to viekd, thine consumaption, pusily and cost.

031 The primary template process for commmercial harvest of  monoclonad
L ¥ E & i

avtibodies (GuAbs) s to remove the vistble (urbility) vells and cell debris them
clarification train then loading directly onfo a taditionsl boud based bindielute
capture chromatography columsn,

[004] Clavification is typieally g tw siep process. The first step is eather depth fillees
or & dskestack contrifuge. Curvently fudly dispoaable depth filter ave not well suited 0
st with any current sterilization technignes. Using depth filters i staindeas housings
allorws the ose of steam for steriliation, dut adds hardware and the need for cleaning
and validation of the clesning. Depth ftors sve mited fn the cell density and totad
batch size where they are pmractical. The use of a disk-stack centrifuge takes away
some of the performance Hmblations of depth fhers for primary clavification, but
hrings with # many of #s cwn challenges in cleaning, aseptic operation, and
scalability, Secondary clarification & wpically performed with depth fillers with the
samw aseptic challenges as when ussd Re primacy clarifieation. The performance

o where a lavge small particle concenteation s

Hmbations for secondary primasiy
present. A finad membrane filier Is typleally smployed © For bioburden reduction and
i protest the chromatopraphy steps downstream that could be casily fouled by
senmning solids,

O8] The Heand of cholce for the chrommtography step I typically Protein A with
catton exchange used occastonally, The hardwars requeired o pack and operate pili
seale and larger chromatogeaphy colmns ts significant, and requives carelul packing

angd charagterization. Bocause of the high cost of the resin and the offort roquired to
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pack i into an effective bed the columng ave typically cleaned o place and re-used

throngh o campaign or unti the end of the resin life,

{006] Current clarification methods strugele with achieving aseptic conditions
Fae

fcontingons contritugs, disposable cellulosic depth flter devices), Steamung of

collulosie deviges curreatly only safe in capitad intensive stainless housings tha
shaequenily reguire cleaning. Ascplic reguiroment gy significant for vaccine

harvest OF gray Space processing.

FO071 In addition corrent clarification methods struggle to chatfy harvests with very
high solids o high concentrations of small particulates, and have trouble achieving

goud vield with low tier harvests,

JOO8] Recemtly, clanification methods have abermatively been cartied owt in

f@

instaliations In which the componeniy in contact with the sample Hguid are singloeug
COMpoTients.

(0091 Sweh single-use components have the advantage of geoiding cleaning
operations, but, o provide the required degree of seeurity, the Tmplemeniation of an
instaliation with such components necessitaies operstions of selection, assembly and
verification which are relatively complex,

{010] Accordingly. it would be desirable 1o have provess clarification methods and
components for treating Bgnid Mologica! sampley and feeds that are convendant
implement, sinapler, loss expensive, and rely on single-use compononts that have low
demansds for hed properties by welving on static binding, amd that do not require
carefid vohwnn packing andfor characterization the require specisiized equipment and
relativedy expensive dovipe dosians.

SUMMARY OF THE IXVENTION

{011 The prosest invention is diected towards a fexible, collapsille, disposable
pn-dimenstonal or three-dimensional shaped devies having an intornal compartment
defined by sidowalls, an interior surfbes, ap exterior surface, sn infot o receiving
fopard savoples andd foed containing o omelecnle of interest, an outlet for discharging
the provessed Hguid samples and food, and 8 high surface area adsorbent element
comained within the nferasl compartment of the device having a gt end and a

secomd end, wherein cithor one or both ends are attached o interior surface of the

devive.

In certatn erhodinents, the present invention relates to g fexible, disposal

such as bag or pouch, for purifving g Wopharnacention! hguid sample andfor feed In

A
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order 1o obigin bomolecude products such as vaocings, recombinant profeins, cells,
stom oells,  monoclong]  antibodies  (mAbs) proteins,  aptibodies.  peptides,
olignpeptides, nxlels acids, oligonucleotides, ENA, DNA&L oligossocharides and
potvsaccharides,
F12] In covtain embodiments of the present tnvention, the first end of the adsorbent
clement 13 seouredy fixed, bonded, or otherwise atiached to the interior sidewal of the
g provimsge the top periphery, and the second end of the adsorbent clement is
seeurely fixed, bonded, or otherwise aitached o the Interior sidewsll of the bag
prosimate the bottom periphery of the bag.
(3T In cortain embodiments of the present fnvention the adsorbent element 13 a
curtatn or wall-lke stroctwrs or other such configuration of polymeric fibers
sasembled substantially paraliel to cach other and fixed 1o the intertor stidewall of the
hag.
{014} In certain ewbodiments of the present nvention the adsorbent olament 18 8
curtain, or walldike siructwre, or a bed of a shaped fhesls), or other such
configunation of polymeric fibers assembled substantially parallel 1o cach other and
sohstantially parallel to the Jongest dimenstong of the bag, and fized W apposing
interior sidewsatls of the bag proximute to and along the wp peaphery, and proximate
o amd along the bottom periphery of the hag.
[O13] o covtain ombodiments of the present invention the deviee s 8 collapsible
pobvmerio bag, pouch, receptacke and the hke
[O16] In cortain enboslinnents of the presemt byvention the fibers are functionalized
high surfpes ares melspun fhers
T In cortain prvbodiments of the prosent nvestion, the devive 15 well suited for
Iow cost bindfelute porification especially from raw Huid streamss containing bigh
sohids levels gnd or low proteiy concomtrations (e divedt caprure from coll harvest
fluid or refold poolsy
IIRT In other ewhodiments of the present invention, the parslled configusation of
fibers along with the fow intial gquantity of fibers compared o Huid sllows Haoid

pae

containing sohds such ag colly and thetr debris & by hreduved and contacted with the

fibers with agitanion withow the solids becoming mechanivally entrapped in the fiber
RAiri,

{0191 In sl other embodiments, the fnveation provides a devies supphied dey and
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H20) In one embodiment, body comprises & hwo-dinensional pillow-shaped bag
wherein extrucded or otherwise formed two polymenic sheets of material are placed in
overlapping relation and the two shests ave hoonded ogether at thelr peripheries to
formn an indernal compartment, Alternatively, an extruded or stherwise formed single
wiegral sheot of polymeric material can be folded over and seamed aronnd the
periphery to form internal comparinment,

{0211 In st other embodimenty, the bag i formed by initially extruding or
stherwise forming a2 polymeric sheet in the formy of & continuony tubs, whersin the
tube % out o longth and sach end seaved closed o form g two-dimensiongd pillow

sivle bag. Inoan altornative embodiment, each ond gary be folded Bke the end of paper

’)’

hag and then scamed closed so as to Form a three dimenston body,

(0221 In other embediments of the prosent invention, the bag comprises a single
integral sheet of extraded polymeric material which comprises twe o more layer of
different materials sepgrated by 8 contaet laver that sre all stmmltaneously co-
extruded.

{3231 In other cmbodiments of the present fnvention, the high surfwe ares
functionalized shaped  fiber comprises adserptive medis for chromatography,
particularly fon-exchange chrpmatography.

0241 Iy other sinbodiments of the present tnvention, the functionalized shaped fiber
gordaing & fbrillged, ridged or wing-shaped structore which grestdy inorosses the
surtace area of the fibers,

FO25] I other ombodiments, the present invention inchudes g method o add surface
pendant functional groups 1o high surface aren shaped Gbers that provide cation-
exchange or anionsexchangs functiovality, This pendant fonctionglity {s asefid for the
wn-exchange chromatographiy purification of omodecules, sueh ay monoclonal
antihodies (mAbs)h

{0261 In other cwbodiments of the present invention, undesimble species andfor
conantnants are rémoved from a sample okl and feads while matotaining the solisds
as the produst {o.g. stem osll purification.

(0271 Additonal foatures. axpects, and advantages of the nvention will be set fiwth
wy the detatled deseription and olaims, which follows,  Muy modificstions and
varintions of this invension can be made without departing from 1 spivit and soop, as

will be apparent o those shilled in the arr. By to be understond that the foregning

(3

gerseral deseription and the following detatlod desenption, the olatms, an well an the
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appended drawingy are exemplary and explanatory ondy, and are intended to provide
ay explanation of various embodinments of the present toachings The specific
cmbodiments described horemn are offered by way of example ondy and sre not meant
K}

fmiiting {9 any way.
BRIEF DESCRIFTION OF THE DEAWINGS

o he

(28] Fig 1 s a photographic depiction of a Hguid sample preparation device o
geonrdance with gertain embodiments:

{0291 Fig. 2 is a photographic depiction of a Hguid sanmple propurstion devive in
gecordancs with certain other enmtbodimenty;

[0} Pl 3 is a photograpine depiction of g Bguid sample proparation devive in
contatning a sample Hyuld in secordance with certain other embodinents;

{31} Figo 4 s a cutaway photographic depiction of g liguld sample prepavation
devige in containing & sample Hauid in accordance with certain other emmbodimenty;
{0321 Fig, § is g cutaway photographic depietion of a lquid sample preparation
device In containing & sample Bawid in accordance with certain other emboediments:
[033] Fig. & depicts a schematic representstion of louding, washing and eluting a
Lgquid sample preparation devive i accordance with certain other embodimenss:

{0341 Fig. 7 s a graph showing turbidity v difution of processed yolume of Hguid
sample confaining colls using the Hawd sample preparation device in gecordance with
gertain other ambadiments:

PN Figs, 8A and 8B awe plots of feed and flow-thre using the Hguid sample
prepargtion device in accordancs with cerigin other embodiments; and

6] Figo @ iv o plat of clution using the Hgaid sample proparation device in
aecordance with certain other embodiments.

JESURIPTION OF THE EMBODIMENTS

HI3T] For the purposes of thds specifioation and appended claims, undess otherwise
indicgted, all nunyhers opressing guantities of ingredionts, poreentages ar g_rm;}{};rtisms
of matenials, reaction condittons, and other munerical values used in the specitication
and claims. are to be pnderstood as heing modified in all {ostances by the torm
“ahont”,

{HRT Accordingly, unlesy indicated to the contrary, the nuwmerical parametors st
furtly iy the following specification and attsched claims ave approximations that may
wy depending upon the desired propertios sought 1o be obtained by the presem

mvention, &t the very least, and not as an atferapt to Hmit the apphication of the

L34
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doctrine of equivalents to the scope of the claims, cach numerical parameter shoold at
feast be constroad iy Hght of the number of reported significant dipits and by applving
ordinary ronnding fechnigques.

U391 Motwithstanding that the numerics! ranges and paramciens setting forth the
broad seope of the tyvention ar approximations, the aumerieal values set forth in the
specifie examples ame veported ay precisely ws possible. Any nuwsmerical valoe,
howpver, inherently contains cortain orrors necessarily resulting from the standard
devigtion Yound in thelr respoctive testing messurements. Moreover, all ranges
disvlosed herein are o be undevstond to enconpuss all subranges subsumed therein,
(048] Shaped Fibers

{411 The fiber may be v the Rany of 2 conthhuouy length such as theead or
momMilament of indeterminate fengih or they may be formed into shorter individual
fibers such a3 nonewoven or woven fabrivs, outting the continwows length fiber mio

~

individus! pleces, formed by & orystalline growth methad and the Bhke

erahly the hers are made of thermoplastic polymers. The thermoplastic

polyvmees incdude polvolefing, polypropvliene,  polvamude, sheathed
polvethvlene/polypropyilone fiboes, pobesationg, polvethersulfones,

polvanvisulphones,  polyphenyisulfones, pobevingt  chlorides  Hguid  orvstalline
polviners, polvestors sueh ay polvethyvlene  {orepbthalate,  including  uhirahigh
molecnlar weight polvethvlones, polybutvlone terephahatate, copolyesters, and the
like, and thermoplastic elastomers, polvvinyhdens Haortde (PVDE) including, b not
fnited  to, thermoplastic polvwrethane clastomers (TFIR) such s pulyetbers,
polyether exters, and PBAX and clastomeric olefins, and sonvlates such as
;m}.jm wibvimethaorylate, styrenic polymers and mixtures of the above.

{043] 1o cortain embodiments, the fiber oross-section is gonerally winged-shaped,

oo

with 8 main boady region delining s substantially longiiudingl axig, and 8 plurality of
projections extending radinlly cutwardly from the main body region, The projections
form an arvay of co-lincwr channely that exiend slong the length of the fiber, typically
230 sk channels per fher, and the lonpth of the projections i3 shorter than the
fenuth of the main body i‘s:':'gii‘;_s‘;..

{044] Sutable channel widihs con projections mnge from about 200 nanometors

L

o aboayt HEE nanometers, Suitable fibers are disclosed 1o Tanake UK

Patent Nao.

6,81 R74RE fo Tanaka ot ol fitled "Compostte Fiber™ ULR, Patent Pubdication Mo,

HORMINS61E, o Chuppas, tited "Compostie Filier Modia With High Sorfaes Aven
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Fiboe", and i LUK, Palont Publication Ko, 20030029176, to Yavorsky et al,, ntled
“Clromatography Madia And Muothod”, wherein each of those disclosures awe
iweorpovated heredn by reference.
{0431 The fihers van be wet or dry steriized chromatographic medivm, In a
preferved aspeet, the wet or dry chromatographie mediten is stortle. The bag can be
sierifized by treatment with radiation, sutoclaving or chemitcal disinfectants, Gamma
radiation i particularly effective. Milder treatments van also be used to reduce e
microbial load, or torad number of microbey auch as bactoria and fungt present in the
oechun,
1046] Functipnalized Shaped Fibers
JO471 Chemical weatment methods to functionalize such ber surfaces are provided
0 enshle bio-molecular and bislogieal separations based on adsorptive interaction{s ).
Chemical freatment mgthod can topart 2 variety of swrfsce chemical Rmettonalities 1o
such fibers based o fonde, aftinity, or hyvdrophobiv interactions or combinations of
interactions, The combined ceomomdes of fiber prodoction and simple surface
chemiza! troatment provesses vield an econemiond and readily sealubde wehoology for
purification operations in Hophanmaceutioal as well as vaccine prodction.
FO48] The swihee hunctionshization of the high swrface arsa Sh{%@gu fibers can be
sccomplished by a two step provess, As provided in US. Paterg Publization Mo
201J0B02VTG, o Yavorsky et al, 2 suttable functionalization process is grafting
polymerization. The functionadization beging with the attachmemt of pendant allyl

groups to the nvlon & fiber surface by freattaent of the Sbers with alls] glveidyl ether

in the presenge of aguenns sodinm hydroxide at 3070 for 12 howrs, The pendant allyl

groups serve as aschoring sites on the fiber swrface &y attachment poivts for the
pendant aerylamide polvmer functionality, Conditions fr the solution polymerization

of acrviamide monomers are provided, and the pesdant oyl groups on the fiber
sieface attach to the growing polymer chains in solution, Thus, the allvhk
functionalized fibers are subsequently teated with an aguecus solution of

acrviimido-2-methyl-propane solionie soidy N N-dimwethylacrvlingde and

ATNONUEA g'.sa:r.«;ui'i‘a.ts at 8O for 4 bowrs. Upon heating o B0°C, peesalfare

decomposition intiiates a free radical pebvmerization of the aorvlie monomers, Under

these conditions, the pendant syl groups on the fiber surface serve a8 sttachment
paints for the pendant acrylie polyraer Rmetionality, o this way, the acrvlic pobvmer

s covalently anached tw the fiber sorface.

g
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{481 In contain enshodiments, the acrylamide polymer may be prepared sepamiely,
and fater applied 1o the nylon fibers s a surface vosting. The resulting susface-voated

tibers demonsirated comparable g0 hinding capacitios 1o the allyl gratted matorialy,
{1507 In sccordance with certain embodiments, the functionalization beging with the
depesition of @ cross-livked coating of hydrogypropylacrylate (HPA) and NN

methyienebistaorviamidey (MBAmM) onto the surfee of the high surface area fibers,

This step ;}rm-‘ids;ﬁs& 2 rorctive hydmxylalkyel fimetionality for o subseguent Corie lon

ot

ndtisted redex polymerization of ag aorviamide monomer.

0311 The HPSMBAmM treated fibers are reacied with an squeoes solution of 2

s

gervianmide-2methyl-Lpropanesulfonic soid sodfum salt, anuwoniuy ceriamdIV)
pitrate, and HNO a8t 33 °C under o nitrogen simosphere. Under these condittony,
covium oxidation of  the  cvosshinked  hydroxylalkyl  (hydeoxypropylacrylate)
functivnality on the fiber surface generates free radicals on the fiber sweface and
injtinles o swface grafling  polymerization of the  2eacrylamido-Ze-methyl-1-
propanesulfonic acld wonomer. Under sach condittons, the surfuce  inttated
polvmerization  process produces @ pobvmene  “tentacle” of polvmervized {2
acrylamide-2-methyl--propanesatfonic aclid) wonmmer. o this way, the acrviamide

polymer is covalently atached to the fiber surface. Such processes are knosern as

grafiing polymenizations

{0521 The chemical groaps (hinding andior Hgand groups) responsible for atiracting

amd holding the entithes desired to be captured. Abernatively, the polymer possesses
chemical groups thet are easily moditiable o incorporate the bnding groups, The
coating of covering is permeable so that impurities can e eaptured into the depth of
the comting or covering, inoreasing wlserptive capacity. The preforred polymier & 2

polvmerie primary amine, Examples of suttable ;m}}.--";‘;rzerh: primary anines include

polvaliviamine. polyvinviamine, polybuivlamine, polylysine, tholr copalymens with
one another and with other polveers, as well s thelr regpective protonated forms,

Suitable copedvmers nchade viny! aleohobco-vinvlaming, serviamide-co-allvamine,
sthyleneghveob-cn-allvhumine, and allvlanine-co-Nasopropyiaerylanide, A coating ¢

covering made frem polvallvimine (sndfer B8 protonated form, Ror example
palvaliylanine byvdrochioride (PAHD has been found 1o be particnlarly wseful PAA s
commercially available (Nitte Bosskiy 1o u number of molecular weighis, usually in

the range from OO to FR000, and sll these vay by wsed for creating @ membrang

sotber, PAA and PAH are readily soluble i water, The pH of agueous sohution of
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PAA Iz about 10-13, while that of PAH I3 33 PAA and PAH may be used
iterchangeably, however the pH of the final solution must be moniored and i
nevessary sdjusted o the value sbove 10 50 that non-protonated aming groups are
avaifahle for regetion with a cress-linker.

[O33] Nwructure of the sunple preparation devige

{384] Fiaures 16 depitet a dispossble Hexible sample proparation deviee 20
copprising 8 flexible collapsibie body 30 having ay internal compartment 32 delined
by the 2 non-porons side wall 34 and having an interior surface 38, an exterior surfee

%

38, @ Hrst end o0 that rosdnates at a top periphery 82, a second end 70 that wrminates

at o bottom periphery 72, an infet 52 for recelving bquid sample, and an oatlet $4 for
discharging tregted liqad and & high sarfbee grea adsorbont polymeric element 40
contained within the inforngl compartment of the body, the adsorbent polymeric
eloment having a fivst end 42 and a second end 44 wherein the first and second ends
are attached to the imerior surface of the body.

HI3S] Body 30 of the deviee is comprised of a flexible, water impermeable, non-
porous material such as polvethyviene or other polymenie shewts having o thickness fua
snge betweon about 8.1 oo to shood § mm o weith sboat 8.0 mm 1o sbout 2 num heing
more commaon. Qther thicknesses ean also be used.

H56] Figures 4 and § depict cotaways of device 2 showing o cortain embodiment
as to how the high sortiwe aren adeorbent polvmenc clement 40 i fixed or otherwise
honded by way of an clongated polymeric sirip 48 © oppesing periphary sidewalls of
bag 24,

{0371 Manufacture of the sample proparation devige

e

FORE] The material ean be comprised of & single ply waterial or can comprise two or
more {ayvers which are either soaled together or separsted to formn a double wall
container, Where the layers ave sealed together, the material can comprise a lanminated
or extruded matertd, The laminated material comprises two or more soparstely
formed lavers that are snbsequently seoured ogother by an adbesive.

{881 The exirnded material can comprise g single intogral sheet which comprises

b v more faver of difforent materiad soparated Ty a contect laver that are all
simuitansously go-extruded.

werstonal pillowe-shuped bag

wheretn two sheots of materiad are placed in overlapping relation and the two sheets

are hounded together an thelr periphories o form sn intornal compariment 32

@



Alternatively, a siugle sheet of material van be folded over and seamed around the
periphery 1o form fnternal compartment 32

W61 Although body 30 is depicted in Figuers 146 as baviag a two-dimensional
substantially pillow-shaped confignntion, it is appreviated that body 30 can be
manuiehured © have victually any desired size, shape, and contiguration.
{1621 For example, body 30 can be formed baving an internal compartment 32 sixed
to hold 100ml, 300 mi, | lwrs. 10 hiers o other destred amounts. In any
ambodiment, however, it is desirable that the body 30 by received n an optional holder
(ot showny, pw\nhn& at least generally uniform support of body 30 o prechude
failnre of body 30 by hvdrauli forces applied to body when filled with Hauwid saaple
containing the hMomoleondes of interest,

{0631 A threowdimensional body {nnt shown) compeises g phuality, e, typeally
fhres or more, diserete panelds. The body s comprised of four paels, Le., top paned,
front panel, back pansl, and bottom panel. {net shown) Bacly paged preforably bas a
substantially sgoare or rectangadar cswiral portion. Top panel and bottom panel
nehudde 2 first end portion and an opposing seocnd ond portion projecting from
apposing ends of central portion, Fach of end portions have a substantially trapezoidal
configuration with opposing tapered edges, Front pane! and back panel each include a
srigmpular Hrst end portion and an oppoaing irhengular second end porton projecting
from opposing ends of contrad portion. (ot shown}

[0ad] The corresponding perimeter edges of cach panel are seamied togethr so oy o

£y

form a substantially bos shaped body. {not shown) Panels are ssamed together wsing

foss
[

thods kaown in the ant such ax hewt energles, RE encrgies, sonies, other sealing
e;;‘-:“}srgiﬁssﬁ adbosives, or other poaventional procexses. I i appreciated that by altering
the size and configusation of some or all of panels, body can be formed having a
variety of different sizes sod configurstions, I1 s alse appreciated that any number of
panels van be used o adiunsd the stee and configuration of body.
(3631 In still another smbodiment, a fength of wbe can be laid fat o a9 1o form twa
opposing folded sdges. The two felded edges are then foverted rward soas to form g
ploat on gach side. The opposing end of the wbe gre then seamad closed. Flaadly, an
angled scant is Tormred avross caul comer o as o form a three dimensional bap when

inflated.

1Q
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{008] It is appreciated that the shove technigues can be mived and matched with one
or more polymwric sheets and that there are sH g variety of other ways 1y wihdch bogdy
can be formed having 8 two or three dimenstonal configuration,
[067] Tubes andior containers are then coupled (not shown to at least one of ports
32 and 3 for dedivering & solution and reroving solution into internad compartment
32 of saple preparation bag sasembly 2
[008] Figures 1-6 depiot examples of the number and nature of ports the bag can
havie, One skilled in the art would know the requirements for g particslar cell culture
andd could casily provide the necessary pots for a parheunkar application.
{0691 Chromatography aystenss
10701 1o some ombodiments the invvention provides & system for isolating, from @
Higuid samples andfor feeds, bomolecules of interst g the sample contacty the
adsorptive cwrtain of functonalized shaped fibers. Liguid samples tnchude unelarified
figuid feed and samples containing one o more Momelecules of interext, including
cells, stem cells. movnoclonal antibodies (mAbs), proteins, antibiody, peptides,
ohgopeptides, nuclele aowds, oligenacleotides, RNAD DNA, oligosaccharides and
polysaceharides.
[671] In zsome embodiments the nvention provides the system includes the devige, a
housing suttable for holding the device, one or more pumps andior compression
devices to faciifate flow of the mixture to sud frons the device,
{0721 Suitable pumps nclade peristalde pumgps, pulsed pumps aadior positive
displaveniant pumps.
{0731 The svstem may inchude one or more means 10 deteet the contents of an eluant
fromy the adsorptive cuwrtain of functionalized shaped fibers. The detector may be a
fight based detector which relies on molti-wavelength detection or single wavedength
detection. Suitable detectors fnvlude a spectrophotameter capable of detecting visthle
wavelengths of Hght, a UV sbsorption detector, 3 Huorescenes detector. The detector
may be a light scattering detector which refies on 2 laser source ov an elestrovhemical
detector which responds to substances that are either ocidivable or redcible and the
plectrical outpng iy an eloctron fow gonerated by a reavtion that takes place ot the
surface of the elegtrodes.
[O74] The svstem may abse inelude one o more primdses By providing
chromatogras of the ehuted material from the clvomatography media, The system

may also inglude one or more parsonal computers, The personal computer may b

11
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sutlabde for recording data. such as the absorbance or flnorescence of an elution
fraction. Additionally the computer may be ogudpped with suitalde software 1o
calontate the concentration of o target molecnles i an clutiown fraction.

0731 Method of use

{0761 I contain smbodiments the trvention provides devives, and methods for asing
and miethods of making the devives, whereln once the Bunctional shaped fibers have
adsorbed the species of inderest, the fluid ieluding the remaiming solids is cmptied
from the devieey,

FO77] The invention may be used for filtering, sepavating, preparing, dentifving,
enviching, detecting, elating, binding andfor parifying analyies, biomolerules, protein,
mAbs, ete of intevest from Higuid samples wd feeds using the adsorbent polymaric
curtain-like structure of one or more Rmctionalized shaped {ihses to Wndicapnas the

species of interest, oither the bivamsiccules of imerest or contaminant pasticles (e
undesirable spectes) destred 1o be remeved found in the liquid sample.

{0781 Altlornative applications for the device iclode the removal of undesirable

pose)

speckes from a fhid while maiotaining the solids a8 the product {e.g stem el
purification} to be collectad in the permeate,

{0791 Figure 6 schematically depivts a cortaty entbodiment for wsing the devies 200
(0RO The dovive 20 v loaded with raw wnclarifiod foed containing shightly less
protein then the capaeity of the ibers for bonding is used.

FOR1] Rinse/Washy After agiiating device 20 contsining the Bgwid sample {Sex
Figure 3 which depicts g loaded bag 20} for some residence period of time, the device
us ergtiod.

{OR2] Possible methods for srptving the bag 20 include the use of gravity, a pump,
vaouum, mechanical squeezing, et inoorder o efficiontly empty the device and

sh concentration product recovery,

HY
e

thereby punimize waste and maxinze iy
FO831 AL each step where device 20 i omptied e maximam fhad removal
efficioney is achioved by vacuwm or other methods fo compress the shaped fiber bad,
The pavallel configuration also aids o allowing g high bed comprossion with mininsl
foros resulting in efficient emptying and practical operation.

fO84] OfF the many possible wavs to activate the compression of the devise a method
that works frons one end toward the et port woadd Reep the fiber bod munimally
compressed during the mgjority of Hlow, Por example the bag coudd be wound night

a

QPO # redating cove with a pnch roller. (ol shown)

A
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JOKS] Elute

{U86]  Imio onipty bag devive 20 add elute buifer fenough to Rdlly wetl

HISTT Remove product seturate (udd aad sepest several dmes o roaeh target
recovery Y without over dilating product,

088 Using a vacuum residual of 2mi. Hguidig fiber was achieved, Subseguent
rinsing and elution steps operate with similar oyvele steps. In peactice for solids
clearancs the effective rexidusl is sbom Wb Hguidiy fber

{ORG] Omce the hguid sample is removed preparation bag 30, sample proparation bag
can simply be discanded or recvelod. A now sample proparation bag 20 is then used
for @ new bateh of Hiquid smmples. As a resnll, no ank or mixer cleaning ¥ required
between different batches and the risk of cross contamination is low,

10501 In certain embodiments the invention molpdes g sorpen sgainst the fiber bad

that woves the Hguild flow ont of the fiber bed. (not shown}

R Example

fU921 bExample |
HWA] Solids clearance using devies 20
(194

colis/debris from a Hguid saaple using covtain embodinenis of the proseat lnvention.

1 An oxporinent was performed fo demonstrate clesrance of solids soeh as
{005] Urnnodified cell culture harvest was foaded foto device 20 at 100mbdg fiter
and subsequently eyeled with PBX buffer (o reprosent washing snd chation steps.
{096] Tucbidity was monitored & eweh step with 13 NTL belng 8 ressonable
challonge for a sterilicing grade mewbrane filter before sending the produgt
dowrstream fy further purification,

fOR71 By building s calibration curve for turbidity ve, diution i was caloudsied that

G4 5% of the solids by mass were remasved before sterile Sliration. {(See Flagure 1)
(98] Protein Separation using dovice 20 (See Figures B4 and 88
F059] Using the same bafler volomes, @ protein separation porformed of a 30mM

MER + 810 NaCl pH 6 buffer spaked wilh 81 Tmgdmd, w b0 gnd bag/ml BSAL
The same buffer withoat proteln was used for washing,
The elution buffor weas 20 MES © G50 NaCl pH 6, {Sex Flgue 93

Yiekd »90% hound mAb recoversd

O3 Restdual Bgold {fmead) el o dovipe = 1%
HOIOET Pueity
JOIOST 379G of onigingl BSA {309 mg/mbL) i elntion pool {LLRY = L.2)

13
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{06] parifiostion factor= §
AT Kis
(1681 The tvention also provides Rits which may be used o solate, capinre,

purify o otherwiss treat Biomolecule analyvtes of interest from a Houid sample. The kit

may comprise, oy examnple, one or more bags having the adsorbent polymerie curtain-

niss

ke structure of one or more shaped fibers therein according 1o the instant tnvention
and ope o rovre holders. The kit may contain one o more controls or sample analytes
of interest and may optionally nclude varions butfers usefid in the methods of the
invention, &y an example the kit may inchude buffers, wash buffery for eliminnting
reagents or nonespeciivally rtained or bound material may optionally be included in
the kit Oher optionsd Kit reagents nelude an elution buffer for chuting o bound farg
nuckie acid from the adsorbent pelumeric cwtainqlike structure of vne or more
shaped fibers,
HHO9Y fach of the buffers may be provided in o sepurate contalner w3 soludion,
Alternatively the baffors may be provided in dey form or as 4 powder and may W
made up as a solution acconding to the wer's desired application. In this vase the
buffers may be provided i packeta, The kit may provide g posver source in instaes
where the devies 1s sutomated as well as o moeans of providing an extersal foree such
a8 @ vacuuny pump, compression devives and the hke The ki may alse include
instructions fur using the deviee andfor loading the adsorbent polymeric cantain-like
structnre of one or move shaped fibers adior for making op reagents suitable for use
with the device and methods according to the instant invention, Opticasd software for
recnrding and analyzing data obtained while prachicing the methods of the invention
or while using the device of the fnvention may also be included.
SR The termy "kit" iclades, for ovample, anch of the cemponents combined in
a single package, the components individially packaged and sold wgother, or the
componets presented together i a catalog {ep., o the same page a’ia}i;‘iﬁie«g}agﬁ
spread in the catalog).
(0111 The invention will be further clarified by the following examples which

gre ttended w e exeraplany of the mvention.

[O112] Having desoribed iy detadl preforred embodiments of the cursent fnvention,

it will now be apparent o those skilled in the art that numerous modifications can be
mrade therein without departing from the scope of the nvention as defined in the

following olaims,

14
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{1131 Al reforences, including publications, patent apphoations. and patents,
chied herein gre bereby mcorporated by reforence o the same extent as i each
reforence were individoatly and specifically indicated o be incorporated by reforence
and were sef forth in My entirety herein,

(O114] The uee of the rerms "a® angd "an® and "the" and similer refovents in the
context of deseribingg the hnvention {especialty in the contexy of the fullowing claims)
are 1o be construed 0 cover both the singular and the pheall anless otherwize
fudicaied hereln or olearly contradicied by comtext. Recitation of ranges of values
horein are merely intended to serve a8 a1 shorthand method of reforring individually ©
gach separate value falling within the range, unless otherwise wndicated herein, and
sach separsie value s incorporated into the specification ay i U were individually
reeited herelne Al methods described herein can be porforwed tn any sultable order
anless othersvise fndicated heredn or otherwise olearly comtradicted by context, The
use of any and all examples, or exemplary language {e.g.. "such as™y mrovided herein,
is mnfended merely o botter Hhamdnate te invention and does pot pose a Gmitalion on
the scope of the Invention wiless ntherwise claimed. No language (v the specification
shouald be construed as indicating any nowclatmed eloment as essential fo the practice
of the iyvention,

(18] The disclosure sef forth above may encompass niultiply distinet inventions
with independent wility. Althongh cach of thexe Inventions has been diselosed in s
preferved embodiments, including the best maode known to the inventors for earrying
o the invention the specific embodiments theveof as disclosed and Mustrated herein
ave not {0 he considerad In & Hmiting sense, bocause numerons variations are possible,
gl will become apparent 1o thuse of cedinary skill i the ant npon reading the
foregoing desoription. The inventors expect skilled artisans to m;‘s?u% such varistions
ax approprizte, and the nventors indend for the invention o be practiced vtherwise

than as specifically deseribed herein, The subject matter of the nventions invludes ol
noved and nenobvipus combinutions and subcombinations of the vartous elements,
features, Nmwtions, sndfor peoperics disclesed herein, Accordingly, thiy invention

inchudes all modifications and equivalonts of the subjest matter rectted W the claims

appendest herete as permitted by apphicable e, The following clams pantieulardy

point ol certaln combingtions sud  swboombinmions mgarded as novel awd
nonchvious., bvestions gmbodied i other combinations and subcombinations of

features, functions. clomeuts, anddor properties sy be claimed in applications

15
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clatming prority from this or a relatest application. Such claims, whether directed 1o a
different invention or 1o the same Invention, and whether broader, narrower, equal, or
diffevent in scope o the original cladms, also are regarded as incladed within the

subject matter of the inventions of the present disclosure,

e
(43
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WHATIS CLAMED IX:
A disposable fexibde Rguid sample preparation devies 20 comprising

a collapsible body 30 having an internal compartment 32 defined by sidewalls
34, an tatertor swrface 38, an exterior surface 38, an indet 32, an ontlet S8 and a Bigh
surtace  area sdsorbent polymernic clement 48 pontamned within the  indornad
compariment, the adsorbent polvimeric element having » first ond 42 and & vecond end
44 wherein the first end and the seoond end are attached to the intevior surfiwe of the
sigfewatis,
2. The device of claim 1, whesein the tuddy s a tvo-dimensions! pitlow-shaped bag,
300 The deviee of claim 1, wherein the adsorbent polymerie element weludes a
curtain-like structure of a pelvmeric shaped fber bed.
4. The deviee of claim 3, wherein the polymenie shaped fiber bod moludes a
continuous palymernic shaped monofitament fiber,
3, The deviee of cladm 3, wherein the shaped fiber Rurther comprises surfaee pendant
fupctionad groups that provide cation-exchange or sdon-exchange finctionality.
&, The deviee of claim 3, wheretn the shaped Dber &8 malispun,

7. The device of olgim 3, wheredn the shaped Hher bas a winged-shaped eross-section
with o middle region comprising @ ongittinal axiy that runs down the conter of the
fiber and having @ plurality of projections that extend radially cutwardly from the

from the middle region,

R, The devier of clam 3 wherein the shaped fiber comprises pobyolefing

28]

thennoplastic  polvmers,  polypropyviene.  polvester,  polyethylene,  polvamide,
copatvesters, Hanld orvsiatline polymers, and thermoplastic elastomers, thermoplastic
polyvorethany clastomers podvethers, podvether esters, and PRAX and olastomeric

olefins.

& The devies of olabm 3, wherein the shaped fiber is assombled in loops substantially

paratiel o each uthee

preparation device (203 comprising:

g providing bwo polyvmernie sheety, each sheet having an outer periphery:
b providing g high seefhee grea adsorben polvmenie slement (40 attached

0 at lewal one adsorbent podymieric bonding elernent (46 or 48), the bonding slement
having first and second grds:

e

o, placing the adsorbent pobvnerie clement and bonding cloment botwoen

P
g
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the two polymeric sheets snch that the outer peripheries of the two shueets overlap each
other and the fiest and second ends of the bonding olement wre sandwivhed between
o
apposing overlapping cuter peripherios
d bonding together the twe polymerie sheets at the wverlapping outer
peripheries and the frst and second ends of the bonding element forming a pillow

shaped device having an bternal compartiment for bousiog the adsorbent polymeric

element fixedly atiached 1o opposing cuter peripherios of thie twe polymeric sheets,

11, The method of claim 10, wherein an outlet and an indet are Bxedly attached 1o the
pitlrw~shaped device,
13 A method of wmabing o disposable Hexible pillow-shaped Hguid sample

preparsiion device comprising:

a. providing a single polymerio sheet having an outer periphery;

b, providing g high surface ares adsorbent polyierie element sttached 1o 9
feast one adsorbent polymeric bonding clement. the bonding element haviog first and
sepont ends;

placing the adsorbent polymerie sloment and bonding clement oo the
polymeric sheel;

4. folding the polymeric sheet such the onter periphery of the sheet overlap
and the first and second ends of the bonding clement are sandwiched between
opposing overlapping outer peripheries;

honding the polvmerie shuet at the overlapping outer periphery and the fiest
aud sscond ends of the bonding element;

{ forming a pillow-shaped devics having av internal compariment for housing

the adsorbent element Hxedly attached 1o opposing outer peripheries of the polymeric

13 The method of laim 12, wheretn an outlet and ay indet are foedly attached 1o the

pilfowsshaped devige,

8



