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PHSPOSABLE DIRECT CAPTURE DEVICE

DBESCRIPTION OF THE INVENTION
FIRLD OF THE INVENTION
jo01] The embodiments disclosed herein relate to a Sexible disposable sample
prepavation device containing an adsorptive fusctionalized fiber subtabde for bind and
glute purification of Hguid samples contatning blomolecules of nterest,
BACKGROUND OF THE DIVENTION
(0021 A number of methods for separating, purtfving or preparing biologicsl andior
chomitcal YMauid samples cwrently exist. Fhadized bod chromatopraphy, and

separaiion medine flled chromatography columas have all been ampﬁs\wd with
VATVING Suceoss o separate andfor parity biological andfor cheanical subsiances of
wnterest froen Hguid sarmples weith respeat to viekd, time consumption, purty and coat.
{0037 The primary tewplate process for conmmercial haveest of monockonal
auttbodies (uAbs) I8 1o remove the vistble {nrbidity) velly and cell delwis through
clarification train then Jouding directly omo a tadiions] bend based bindielute
capture chvomatography colums,
{004]  Clartfication iy typically 8 two slep process, The first step is either depth filtars
or a disk-stack contrifage. Curvently fally disposable depth filter ae not well suited o
yse with any curvent steribization technignes, Using depth filters 1y staindess housings
allows the use of steam for sterilization. but adds hardware and the need for ceaning
and validation of the cleaning. Depth fltors sre Bmited i the coll density and total
batch size where they are mractical. The use of a disk-stack centrifuge takes away
some of the perfonvance hmbations of depth Gliers for primsary clavification. by
brings with 8 maay of s own challenges in a:}e;.n_zistzg_,_ gseptic openution, and

by

sealability, Secondary clarifipation s trpieally periormed with depth Rlers with the
sanwe aseptic challenges as when osed Ry priveany clarification. The performance
Hmbations for seeondary primarily sre where a large small particle concentration &
present. A finad mensbrane fller is typieally emploved © for bioburden reduction and
i protext the chromatography steps downstream that could be essily fouled by
rematning solids.

JOUST The Hpand of cholce Ror the chromatography step is typically Protein & with

ton exchange used occcustonally. The hardware requaired o pack and oporate piky

<
seale and farger chromatogeaphy columas i significant, and repeives carefud packing
ant characterizanon. Because of the high cont of the argd the offort seguired to
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pack it o an effective bed the colomns ave typically cleansd in place and re-used
through g campatgn or until the end of the resin life,

{0081 Current clanification mothods struggle with achieving aseptic condilions

{continuons contrifuge. dispossble cellulosic depth filter devives), Steaming of
collulosic devipes currently only safe in capitad intensbve stainless housings thay
shacquently reguire cleaning. Aseptic reguirement mcrs significant for vaceine
BArVESLOT Ay SPace processing.
(0071 In addition corrent clurification methods struggle to clantly harvests with very
high solids or high conventrations of small partivolates, and have trouble achieving
good vield with low titer harvests,
{08 Recently, claification methods have ahiorsatively been cartied out in
installgtions w which the componenty in contact with the sample hguid are single-use
compresents.
10091 Sweh single-use components have the advantage of gvpiding cleaning
operations, but, o provide the required degree of security, the mplementation of an
wwstatintion with such componenis necessitates oporations of selection, assembly and
verifroation which are relatively complex.
JOT0} Accovdingly, 1 would be desirable o have process clanficgion methods ad
components for treating Bandd Mological sarapley and feads that are comveniewmt to
implement, stupler, loss expermive, and rely on single-use components that have low
demansds for hed propertios by welving on static binding, and that do not require
careful column packing andfor characterization the requure specisfized equipment and
refatively expensive devive designs.
SUMMARY OF THE INVENTION
(011] The prosent invention s directed fowards o Hlexible, collapsille, disposable
two-dimenstonal or three-dimensional shaped devies having an intornal compartment
defined by sidewally, an interior surface. an exievior surface, an mlad for eoeiving
fquid savoples and feed containing g bomelecnle of imtarest, an oulet For discharging
the provessed Hgudd samples and food, and a high surface area adsorbens element
comtained within the nferssl compartment of the devite having » first end and a
secomd engd, whereln etther one or hoth ends are attached o interior sarface of the
devive,
In pertain orvhodinmans, the present invention relates to g flexible, disposable devics,

such as bag or pouch, for purifving s opharnseeptioal hguid sample snddor feed

]
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order to obtain Momolecule products such ay vaecines, recombinant projeins, cells,
stem eells, monoclonsl  antibodies  {mAbs)  profeins,  antibodies.  peptides,
aligopeptides, nueleis acids, oliponuclectides, ENA, DNQA, olipossccharides and
potyssecharides,

T2 I coctain embodiments of the present invention, the frst end of the adsorbent
clernent 15 sepoureldy Hixedl bonded, or atherwize attached 1o the Interior sidewsdl of the
bag provimaie the top poriphery, and the seoond end of the adsorben elermat is
seourely fixed, bonded, or otherwise sttached o the Interior sidewsll of the bag
prosimate the bottom periphery of the bag,

3T In corain t:nzhmiimm‘{:‘«: of the present ureention the adsorbent element i a
curtain. or walb-dike structure or other sweh configuration of polymeric fibers
assembled substantially paralel to vach otber and fixed w the interior sidewall of the
hag.

{0141 In centain embodiments of the present fmvention the adsorbent element is a
cutgin, of walldike structre, or a bed of a shaped §bed(s), or other such
configumation of polvimentc Ghers gssembled substantially paraliel 10 each other and
substantially parallel 1o the longest dimensions of the hag, and fised o opposing
mterior sidewsalls of the bag proximue ® and along the 1op periphery, and proximate
o gmd along the boltom periphery of the hag.

{013} I certaln embodiments of the present invention the deviee ts a collapsible
polynierio bag, ponch, receptacte and the ke,

[O16] I cortatn embosliments of the present byvention the fibers are Rmctinnalized
high surfaos ares mehispun fibers.,

(7] In cortain embodiments of the present invention, the device s well suited for
low cost bindfelute porification especially from raw fluid streams containing high
solids fovels gnd or low profeln concentrations (e divect capture from cell harvest
fluded or relold pools)

TRIRT In other ewhodbmests of the present invention, the parsilel configuration of
fibers along with the low mitial guantity of fibers compared to Hudd allows flaid

contatming solids snch as colls and their debris o by inbroduced and contacied with the

fibory witly agitation withowt the sofids becoming mechanivally entrspped i the Hher
AN,
R 1o sl other embodiments, the invention provides a devics supplied dry and

pre-steribized
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0201 In one vmbodiment, body compwises a beo-dimensional pillow-shaped bag
wherein extruded or otherwise formed two polvaioric sheets of material we placed in
overlapping relution and the two shests ave honnded together at their peripheries to
form an intemnal compartnent, Altorsatively, an extruded or otherwdse formed single
integral sheet of polymeric meteral con be folded over and seamed sround the
periphery to form tsternal compartmnt,
{021 In sl other emboduments, the bag ks formed by inftially oxtrading oy
utherwise forming & pobvneric sheet In the form of a continuous tube, whersin the
tube v cut o length and sach end seamwed closed o form 8 two-dimensiong! pillow
sivie bag Inan allernative embodiment, zach end can be folded Bhe the end of paper
hag angd then seamed closed 5o a8 to form a three dimenston baody,
(0221 In other embodiments of the present invention, the bag comprises a single
integral sheet of extraded polymerie material which comprises two or more faver of
differomt materigls separated by & contact layer that are all simupltaneowsdy vo-
extrugded.
U231 In other cmbodiments of the present Invention, the high swie area
fimctionalized shaped  fiber comprisey adserptive medis for  chromatography,
particularly ion-exchange chromatography.
0241 1 other gmbodiments of the present invention, the furstionalized shaped fiber
gordains & fbrillated, ndged or wingeshaped structore wihich greatdy Inoresses the
sarface arca of the fhers,
fU23]  In cther ombodiments, the present nvention includes g method o add surface
pendant functional groups 1o high swface area shaped fibers that provide cation-
exchangs or anion-oxchangs f.\m}&:ti0_{;&35@}-" This pendant foncionshity is nsefid for the
wn~erchange chromwdopraphie purification of Momeoleoulss, such as monnclonad
antibodies {mAbs)
{0261 In other cubodiments of the present invention, undesirable species andior
contaminants are removed from 8 sample Huid and feeds while maintaining the solids
as the produst e.g. stem csll purification).
2T Additional foatures. aspects, and z&dmmages of the invention will be set forth
w the detatted deseription and olaims, which fellows, Muny modificstions and
varmttens of this invention can be made without departing From 118 spirdt and seope, 88

will be apparens 1o those skilled in the art. iy to be wndersiond that the firegoing

v

gereral deseripion and the following detatlod deserption, the oladus, s well o tee
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appended drawingy are exemplary and explanatory cnly. and are intended to provide
an explanation of various embodinents of the present toachings,  The specific
simbodiments deseribed horein are offered by way of example ondy and are ned mcant
1o be Hnsting i3 any way,

BRIEF DESCRIFTION OF THE DRAWINGS

[O2RT Figo 1w a photopraphic depiotion of & Hauid sample preparation deviee &

ps
.

geoenrdances with cortain embodiments;

{0291 Fig. 2 is a photographic depiction of 4 Hguid sanple proparsiion devive in
gecordance with certain other embodimentx

JO3H Figo 3 is @ photograpiue depiction of g Hynid sample proparation device in
comatning a sample Hyuld v sccordance with curtain other embodinuends;

{31} Figo 4 is & cutaway photogrephic depdetion of 8 Hguid sample preparation
devige i contahuing & sample Hauid in scvordance with cortain othor crabodiments;
{0321 Fig. § s o cutaway photographic depiction of a Hquid sample preparation
device in containing a samphe Bowld in accordance with certain other emboediments:
10331 Fig. & depicta a schemativ representstion of louding, washing and eluting a
Hguid sample preparation devive b agcordance with certain other embodiments;

FO34] Fig 7 s a graph showing turbidity ve dilution of processed volume of hguid
sample confaining cells using the Hauid semple preparation devies in sceordance with
gertain other embodiments;

FORS] Plgs, BA and 8B are plots of feed and flow-thry using the Hguid sanple

B ?J‘

preparation devive In secordance with cortain other emabodiments; and

HE6] Figo 9 is g plat of elution wsing the Hguid saraple preparation device in
aveerdance with cerlain other embodiments,

PESCRIPTION OF THE EMBODIMES

HI37T For the parposes of thds specification and appended clatms, udess otherwise

wdicated, all numbers oprassing guantitios of ingredionts, pereentages ar proportions
of muterials, reaction conditions, and other muverical values used in the specification
and olaims. are o be onderstood as buing modified moall {nstances by the e
“ahont",

HERT Accordingly, unlesy indizated to the contrary, the numerical parametirs set
furtly iy the followang specification and stigched clatms ave approsimations that may
vary depending upon the desired properties sought o be obtaned by the presom

uvention, &b the very least, and not a8 an atlemopt to Hmit the application of the

(%3]
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doctrine of equivalents o the scope of the claimy, tach mumerical parameter shoold at
feast be constraod i Hght of the number of reported significant digits and by applyving
ordinary ronnding fechnigues.

U39} Notwithstanding that the munerios! ranges and paranseters setting forth the
broad scope of the imvention ars approximations, the numerical values set forth in the
specifle examples are reporied ax precisely as possible. Any numerical valwe,
however, inherently contains cortaln errors necessarily resulting from the standard
deviation found in thelr respective testing messurements. Moveover, all ranges
disvlosed herein are to be understood to encempaas all subrapges subsumed therein,
{0407 Shaped Fibers

{411 The fiber may be in the form of 8 continuouy fength such as theead or
aaitament of indeterminate fength or they may be formed into shorter individual
fibers such 83 nopewoven or woven fabrics, outting the continoous length fiber nto
individual pioces, formed by & orystaliine growth methad and the ke

[42] Preforably the fibers are made of thermoplastic polymers. The thermoplastic

polymaers include pobyolefing, polypropyviene, polyannde, sheathed
potvethylene'polypropylone fibrs, polvsalione, polvethersulfones,

pedvarvisulpbones,  polyphemyvisulfones,  polvvinyl  chlorides  Hgaid  orvstadline
polvimers, polvesters sieh ay  polyvethyvlene fereplthalme, including  uliahigh
modecnlar weight polvethvlenes, polybutviene terephthalate, copolvesters, and the
fike, and thermoplastic elastomers, polyvinyhdens Saortde (PVDE) including, but not
Hmited o, thermwoplestic pobarcthane ehastomers (TFIR) such as pobvothers,
polyether esters, and PBAX and clastomeric olefins, and sopviates such as
;miym&ﬁ; vimethaorvlate, styrenie polymers and mitures of the above,

{043) In cortain embodiments, the fiber oross-section s penerally winged-shaped,
with 8 muain body region defining s substantially tosgitudingl axis, and & plomlity of
projections extending radially cutwardly from the main body reglon. The projections
form an arvay of co-inewr channely that exiend along the length of the fiber, typically

23 such channels per fher, and the longth of ihe projections is shortér than the
tength of the main body region,

{044 Suitable channe! widihs hotween projections range front about 200 nanomiciers
o about TG nanomuoters. Suitable fihors are disclosed i Tanaka LLE, Patent No.
68 NTEARE fo Tanaka e al, fitled “Composite Fiber™, UK, Paisnt Publication No.

THORDINE6LL, to Chappas, titded "Compostie Filler Modia With High Swrface Avea

\,».\

{:‘;
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Fibors", and tn UK, Patent Publication No, 200370029176, to Yavorsky ef al, titled
“Chromatography Madia And Methed®, whereiln each of these disclosures are
weorpovated herein by reforence.

{0431 The fibers can be wel or dry sterifized chromatographic medivm, In g
preferved aspet, the wel or dry chromatographic medium kv sterite. The bag can be
steriized by treatment with radiation, gutoclaving or chenteal disinfectants, Gamma
radiation is parfionlarly effective. Milder troatments van also be used to reduce the
naerobial load, or otal sumber of microbey sucl as bactoria and fungd presont in the
mudnam.

{0d6]  Punctionalived Shaped Frburs

F0471  Chemical treatment methads o fupctionalize such Hber swrfaces are provided
i enghle bio-moleeular and biclogival separgtions based on adsorptive interaction{s).

Chemical freatroent mothed can topart & variety of swiice chemical Rmetionalitivs to
such fibers based o jonie, affingy, or hydrophobie interactiony or combinations of
nteractions. The combined ccononsies of fber production and simple surface
chomica! froatment processes vield an peonondenl and readily sealable techoology for
purification operations in Mophannaceutical as well ay vaccine prodigtion

FO48] The surface functionslization of the high swrfsce area shaped fibers can be
accomplished by & two step provess. As provided in US. Patent Publization Now
2OLT0A29ITS, e Yavorsky st al, 8 suttable functonalization process is grafling
polymerization. The functionalation begins with the sttachnet of pondat alhyd

groups 1o the nyvlon & fiber surface by treatment of the Shers with ally] ghveidyvl ether

2 howrs. The pendant ally
groups serve as anchoning siles on the fiber swrince a5 attachmeny poiots e the
pendant avrylamide pobymer fonctionality, Comditions fie the solution polymeriration
of acrviamide monomers are provided, and the peadant allyl groups on the fiber
siwface  attach 1o the growing pobvmer chaivs i solution. Thus, the allvl
funetionalized fibers gre subsoquently treated with an aguecus solution of

aorviinsido-Z-methyb- Dpwopane . solionie actdl NON-dimethvlaenvlimide and
SMMONTEER gtserfmii‘a.{s o 8O for 4 honrs. Upene heating 1o RBOSC, peosaifate
decomposition inbiates a free radieal polymerization of the aorvlie monomers, Lnder
thesy condiions, the pendat sllvl groups on the fiber surfhes sorve gy sttachment
points for the pendant acrylie polyrmer functionality, ln this way, the aorvlie polymer

tw covatemly aitached to the Gber sarface.

e
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{9 In centaln envhodimens, the acrylamide polyimer may be propeved separely,
and hater «ipp}!i}d 1o the nylon {ibers s a surface coating. The resulting surface-coated

fibers denonstrated comparable g binding {:iip;‘;i{tii‘ii:i% o the allvl pratied materials
{507 In accordance with cortain ombodiments, the functionalization beging with the
deposition of a crosselinked coating of bydroxypropylacrylate (HPAY and NN
methylenebistaorvlamidey OMBAMY onto the sarfice of the high surface area fibers,
This step provides o reative hydroxylalkyl functionality for a aobseguent ceric
matigted redox pelvmerization of an seryviamide mononwr,

G311 The HPSMBAmM eated fibers are rescled with an pgoenus solation of 3-

Fommany

gerviamido-Z-methyl-Dpropenesulfonie aoid sodium salt, apwvoniwy ceciom(IV)
nitrate, gnd HNOw @t 35 °C under a nitrogen stwosphere. Under these conditions,
cexiun oxidation  of the  cmsshinked  hydroxylalkyl  (hvdroxypropyiaceylate)
functionality on the fiber surface generates free radivals on the fiber surface and
initiafes a swface  grafling polvmerization of the  Z-acrvlamido-Zemethyl- -
propanesulfonie  acid mwomomer. Under sach condittons,  the surface  indtiated
polvmerbration  process produces ¢ polvmeric “tentwele”  of polymerized (24
acrylando-Z-methyi--propanesalfonic acid) moanmer. o this way, the serviamide
polviver s covalentdy attached to the fiber sorface. Nuch provesses are known as
grafling polymenizations.

{0521 The chendenl gronps (hinding sndfor Higand groups) responsible For atiracting
amd holding the entities desived to be captured. Alernatively, the polvmer possesses
chemical groups that arg eagily modifiable to incorporate the Mading groups, The
comting oF covering is permeable so that tmpurities can be captured nto the depth of
the conting or covering, nreasing adsorptive capucity. The preforred polynwer 8 @

Ixamples of soltable polymeris primary amines inchude

polvmeris primary amine. B
polvaliviamine, polyvinviamine, polybotylamine, polylysine, thelr copolymers with
one another and with other poadvmers, a8 well ao thelr respeutive protonated forms,
Sultabde copelvmers inchade vimyl aleoholcowvinlaming, sorvianide-co-allvamine,
sthylenvghveob-en-allviamine, and sllvlanine-co-N-isopropylaerylamide. A coating

covering made from polyallvlamine (sndfer W5 protonaied form, for example
pivaliviamine bydrochloride (PAHY) hos been found 1o be parttondarly weeful FAA
commercially available (Nt Bosskiy in a nunber of molecular weighis, asually in
the range from 10U to 150000, and sl these cay be used for croating & wembne

sotber, PAA and PAH are readily soluble wowater, The pH o agueous sohutton of

LR
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b3

PAA i abouwt 113, while that of PAM 13 3.5 PAA and PAH wmay by used
interchangeably, however the pH of the final solution must be moniored and if
nevessary sdjusted o the value sbove 10 30 that non-protonated aming groups are
avariable for regetion with 8 cross-linker.

[033]1 Struclure of the sample preparation devive

{184 Flpures 16 depiot a dispossble fexible sample proparation devies 20
comprising 8 flexible collapsible body 30 having sy internal compartment 32 defined
by the a pon-porons side wall 34 and baving an interior sarface 38, an exterior surfie
38, a Brstend o0 tha erptnaies &t a top periphery 62, a second end 7 that erminates
at @ botiom periphery 72, an infet 32 §or receiving Haquid sample, and an ouilet 54 for
discharging tregted hquid and a high sorface area adsorbent polymerie element 40
contained within the internal compartment of the body, the adsorbent polymeric
elomo having a fivst end 42 and a second end 44 whersin the et and second ends
ary attached o the imertor surface of the body,

HO55] Body 30 of the deviee is comprised of a flexible, waler impermeable, non-

porous waterial such as polyethvlene or other polymernic sheets having a thickness ina
sange botween about 8.1 m to aboot § mm with gbont 8.2 mm 1o about 2 num being
more commaon. Other thicknesses can slso be used,

H356] Figures 4 and § depict cotaways of device 20, showing o certain embuodinent
as to bow the figh socfiwe area adsorbent polymeeie eloment 4 18 fixed or othorwise
bondded by way of an clongated polyoieric sirip 48 o opposing periphory sidewalls of
hag 2L

{0371 Manufaoture of the sample preparation devige

FOART The material can be comprised of @ single ply material or can comprise two o
move layers which are either sealed together oy separated to forms & double wall
confainer, Where the layers ave sepled together, the matenial can comprise a laminated
of extruded matertal, The lominated material comprises bwo or more soparstely

formed favers that are sebsequently seoured ogether by an adbesive.

{89 The exirnded matorial can comprise a single inteprad sheet which comprises

two o more fayver of difforent materwd soparated by g contact laver that are all
simuaneously veeextruded.

{0607 In one ermbodiment, body 38 comprises ¥ two-dimensionad pilloweshaped bag

&

wherein two sheets of material are placed in overlapping relstion and the two sheets

are bonnded together ot thelr peripheries o form s internal compartment 32

@z
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Alternatively, a single sheet of material can be folded over and seamed sround the

periphery te form internal compartment 32

{61] Although body 30 s depioted n Frguers 16 a8 haviag a two-dimensional
substantially  pillow-shaped confignration, it is apprecisted that bedy 30 can e
manufictured o have virtually any desired size, shape, and contipuration,

{362] For @.xampix, hody 3¢ eany be formed Baving an intersal compartment 32 sfeed
o hold el SO0 mi, 1 Hers. 10 hters, o other desired amoonts. In any
cmbodiment, however, i i dexirable that the body 38 i recelved 0 an optional helder
(aot shownd, providing st lesst generally uniform support of body 30 o preclude
failnre of body 30 by hydraubic forces applied o body when filled with Bouid sample
containing the hiomolecnles of interest,

{0631 A threo-dimensions] body (nnd shown) comprises g phlarality, Lo, typieally
three or more, diserete panels, The body x::-i‘;\s‘}‘i.pri'::x::d of fowr pavels, Le., top panel,
front pagel, back pasel, and bottom panel. {nad shown Eacly pans! prefivably has a
substantially sgoare oy rectangular central portton, Top pasel and bottom paned
include a fird end postion and an opposing second ond portion progecting from
opposing ends of central portion. Bach of end portions have a substantially trapezoidal
configuration with opposing fapered edges, Front panel and back panel each include a
trignguiar Hrst ond portion and an oppoaing triangular second vud portion projecting
from opposing ends of central portion. (vot shown)

{06d]  The corrosponding perimeter edpes of each panel are soamed ogethar so 83 o
form a substasially box sha_g.*zd hody. {not sherwn} Panels are seamed together using

thods kawn in the art such ay heawt cnergies, RE encrgles, sonies, other sealing

des

energies, adbesives, or other conventional processes, I s appreciaied that by altering
the stre and configuration of some or ol of panels, bedy can be formed haviag
variety of different stees sud configurations. I e alve appreciated that any number of
pancls van be wed to adiust the stee and configurating of bady,

{0631 In still another gmbodiment, a fength of tube can be {aid flan so a8 10 form twe
opposing fokded edges. The twa felded odges are then Inverted frreand so as o form g
pleat on each side. The opposing end of the mbe gre then seamed olesed. Finadly, an

anghed scam s formed acvoss cauly corney o as o form a three dimessional bag whes

inflated,

10
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[006] i appreciated that the shove technigues can be wixed and matched with one
or more polvmeric sheets and that there are siill @ variety of other ways i which body
can he formed having 8 two or thres dimensional configuration.

{0877 Tubes andior contiiners we then coupled (ot showa} o o eant one of ports
A2 and 34 for delivering & solution and rermoving solntion into internal compartment
32 of sauple preparation bag sasembly 28,

JO08}] Figores 1-6 depict examples of the number and nature of ports the bag can
b, Oae skilled in the avthwould know the rf;s{;ui_rmmﬁs for g particnlar cell culiwe
ansd could easily provide the neeessary ports for o parnoular application.

[069)  Chromatography aystenss

JO70] In some ombodinients the invention provides @ system for isolating, from g
tiguid samples andior feeds, blomolecules of fntorst ws the sample conmtacly the
adsorpiive cwrtain of functionalized shaped fibers. Liguid samples tnclude unclarified
fiquid feed and samples containing one or more domokevules of interext, inchuding
cells, stem cells, monoclonal antibodies {mahs), proteins, antibody, peptides,
phgopeptides, maclele sowds, oligenncleotides, RMNALD DNAL oligosaccharides and
polysaceharides.

FE71] In some embodiments the lovention provides the systom includes the device, &
housing suitable for holding the device, one or more panps andior compression
devices to faciiate flow of the mixture o amd froay the deviee,

{0721 Suitable pumps inelade peristaltic pumps, pulsed pumps aadfor positive
chaplacenerg pumps.

{731 The svstem roay inchude one or more means i deteet the contenis of an cluant
frony the adsorptive cwrtatny of functinnalized shaped fibers. The detector may be a
fight based detestor which relies on malti-wavelength detection or single wavelength

detection. Suitable dutectors invlude 8 spectrophutomeder capable of detecting visible

wavelangthn of Hght, a UV absorption detector, 3 Huorescence detecter. The detector
may be a light scattering detector which refies on g faser source or an elegtrochemical
detector which responds 1o substances that are either oxidivable or reducible and the
plectrical outpat i3 an eloctron How generated by a reaction that takes place at the
surface of the eletrodes.

[I74] The svstemn may alse dwelude one o more printees R providing
chromatograms of the chuted material from the clvomatography media, The sygiem

auty alse inelude one or more porsonal computers, The personsd computer may be

11
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suitable for recording data. such as the absovhance or fluorescence of an clution
fraction. Additionally the computer may he opuipped with sultalde software to
calcnlate the concentration of a target molecnles i an clution fraction.,

FO751 Method of use

{0761 Ip centain embodiments the tnvention provides dovices, and methods for asing
and methods of making the dovives, whereln onee the functions! shaped fibers have
adsorbed the species of inderest, the fluid twlnding the remaining sohids is smptied
from the devices,

[O77] The invention may be used for filtering, sepavating, preparing, Wdesiitving,
entiching. detecting, sluting, binding andfor purifying analytes. biomolerules, protew,
maAbs, eto. of interest from lguid samples wnd feeds using the adsorbert polymene
curtain-tike stracture of one or more Rectionalized shaped fihers to bindfcapture the
species of interest, oither the bitnolecules of interest or Contaminant particles (e
undesirable species) destred 1o be removed found in the Hguid sample.

{0781 Ahernative appheations for the device include the removal of andesirable
species from a fhid while mabslaining the sohids a8 the produst (e.g stem cell
puribication) to be collected in the permeate,

(0791 Figure 6 schematically depiots a cortaty emabodiment for wing the deviee 20,
OR0] The devive 30 Is loaded with raw wnclarified Red comaining shightly less
protein then the capacity of the fibers for bonding s used,

0811 Rinse/Wash: After agiating device 20 contatning the Bgnid sample {Sex
Figure 3 which depicts g loaded bag 20} for some residence pertod of time, the device
us emptied,

[OR2] Possible methods for sruptyving the bag 20 include the use of gravity, a pump,
vacuum. mechanical squeezing, ooy, in order 1 officlently oropty the device and

thereby mirmize waste and maxinize hgh concentration product recovery,

FOR3T A each siep where deviee 20 i omptied the maximam fhad removal
efficioney 18 achieved by vacuen or other methods to compress the shaped fiber bad,
The parallel configuration alse aids fn allowing high bed compression with mininys)
foros resulting in efficient empiving and practical operation.

[0847 Of the many possible ways fo activate the compression of the dovice a method

that works frony one end toward the extl port would Reep we fiber bod mumimally
compreased duriag the majority of flow, For example the bag could be wound hight

Hpon # retating cove with a pineh roller. (nol showa)

bl

1@



WO 2014/120344 PCT/US2013/074857

083 Elute

HU86]  Ite coupty bag devive 20 add elute buifer (enough to fully wet).

HI87] Remove produgt saturate fluid asd repeat several dmes to roach tanget
recorvary % without over diluting product.

{881 Using a vacuum residual of 2mb lguidiy fiber was achieved, Subseguent

rinsing and ehtion steps operate wish similar ovele steps. In practice for solids

clearancs the effective residoal is abomt Himb guidiy fiber,
{0891 Quce the Hauid sample s removed preparation bag 20, sample proparation bag

can symply be discarded or recyeled. A now sample proparation bag 28 is then used

for g new batch of Higuid samples. As a resall, no nk ov mixer cleaning s required
between different batches amd the risk of eross contamination s low,

10901 In cortain embodiments the mvention inclndes 8 soreen sgainst the fiber bad
that woves the Hguid fow ont of the (ber bed. (not shosn}

Example

]
‘Ei{}i}il‘} Example |
1 Solids clearance psing devies 20
{0941 An exporiment was performed o demonsteate clesrance of solids saeh gs
colts/debris from a Hogud sample using certain embodiments of the present lnvention.
(0981 Unanodified cell culture harvest was loaded toto devige 20 gt 100mldg fiber
and subsequently oveled with PBY buffer to represent washing and clution steps.
{09a] Turbidity was monitored at sach step with 10 NTU belng 8 rossonable
challenge for g steriliving grade membrane filtey before sending the produdt
dovensiream fw further purification,
{071 By building s calibration curve for wrbidity vs, didution i1 was caloubaied that

e r BN

G4, 55 of the solids by masa were remwerd before sterile Sliration, (Ree Figure T

8] Protein Separation using device 20 (See Figures BA and 88
FO59] Uising the same baffor volnmes, & proteln soparation perfonmed of a 20mM

R+ M NaClpH 6 bufler spiked with 80 Tmg/mb oAbl and bmgiml BSAL
The same buffer without protoin was used for washing,

The elution buffer svas 30 MES + 0.56 Natll pH 6, {See Flgure ¥}

Yiekd >90% bound maAb recovered

184

31 Restdunl Bgotd {mady el in dovige » 1%

O8] Pueity
FOTOST 379 of origingl BEA {008 mg/mL) o elution pool {(LRY = L2

13
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6] purificution factors= §
T Kis
{OHOR]  The dwvention also provides Kits which may be wsed o iolate, captore,

. 2y
i * 34

purify o otherwise treat blomolecnle analyvtes of interest from a Houid sample. The kit

mray comprisg, for exampde, one or more bags having the adsorbent polymwric curtain-

bosd

like steuctare of one or more shaped fibers therein according 1o the Instant tavention

ancd oo o roore holders. The kit may contadn one or more controls or sample analvies
of interest and may optivnslly nclude various buffers useful in the methods of the
invention. &g an example the kit may include buffers, wash buifers for climinating
reggents or nopespecifivally retained or bound material may optionally be included in
the kit, Other optional kit reagents include an elution buffer for ehating a bound targ
mucleie actd from the adsorbent polymeric cwtain-like structure of one or more
shaped fihers,

FO109Y Each of the buffers may be provided in g separste containgr as a soludion
Alternniively the botlors may be provided in dey form or as a powder and may e
made up as 2 zoludion scconding to the wer's dosired apphication. In this wase the
buiters may be provided in packets. The it may provide 8 power sowrce in instanees

where the device s sutomated as well as o means of providing an extersal foree such

as @ vacuumy pump, compression devives and the ke, The kit may alse include

-

o
%

instractions fur using the dovice andior loading the adsorbent polymeric cortainei
structnre of one o mnre shaped fbers wndfor for making np reagents suitable for use
with the device and methods acconding 1o the tnstant nvention. Optionad software for
recoriing and analyzing data obtaingd while praciicing the methods of the lnvention
ar while using the device of the invertion may alsa be included.

The e "kt nelodes, for ecample. each of the componemts combined in

P

0110
a siogle package. the components individually packaged and sold wgether, or the
comnponouts preseuted together n g catalog {o.g., on the same page w f;'im;“ﬁie«g}age
spread in the catalog).

[EHT] The bvvention will be further elarified by the following examples which

g

gre fmended W e exeraplary of the mvention.

{O112] Having desoribed iy detatl preforred embodiments of the cursent fmvention,

it will now be apparent to those skilled i the art that numerous modifications can be
wrade therain without departing from the scope of the mnvention as defined in the

fnlowing clains,

14
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3] Al reforences, including publications, patent applications. and patents,
cited heretn gre hereby ncorporated by reference o the same oxtomt as U each
reference were individoally and specifically indicated 0 be meorporated by reforence
and were sef forth in Hs entirety heredn,

0114} The use of the ferms "s" angd "an® snd "the® and similar reforents in the

context of deseribing the invention {especially in the context of the fellowing claims)
are 1o be construed to cover hath the singular and the phaall unlesy otherwise
fndicated herein or clearly contradicied by comtext. Recitafion of mnges of values
herein are merely intended o serve as 8 shorthand method of seforring Individually W
gach scparste value falling within the range, unless otherwise indicated herein, and
gach separsie value is incorporated into the specification as 0 were individunally
recited herein, Al methods described heretny can be parformed tn any suitable order
piless othersise indicated herein or otherwise —c?ﬁarﬁiy comstradicted by context, The
use of any and all examples, or exomplary Ianguage (e.g., "such as”} provided herein,
is itended merely & botter Huaminate the Invention and does pot pose a tmitation on
the scope of the invention wiless otherwise oladmed. No language s the specification

should be construed ax indieating any non-clatmed cloment as essential o the practice

of the hivveption,

{01131 The disclosure set forth above may encompass nniftiple distinet Inventions
with independent wility. Althongh cach of these inventions has been disclosed i iy

prefered embodiments, meluding the best mode knows o the fnventors. for carrying
ot the invention the specific embodiments thereof as disclosed and Hustrated beven
are not o be considerad i g Houting sense, becagse numerons variations sre possible,

gl will become apparent Yo thase of crdinary skill in the any npon reading the

foregoing desoripiisn. The inventors expect skilled artisans 10 smploy such varistions

as approprime, and the nveniors intend for the nvention o be practiced wtherwise

than as specifically deseribed herein, The subject matter of the wventions invludes all
novel and nonobyvipny combinations and subconmbinations of the vartons elements,
features, hunetions, sadfor properties disclosed heretn, Accordingly, this invention
tnchudes all modifications and equivalents of the subjest matter recited B the claims
appended hereto ay pormitted by applicable gw, The following aims particulardy
point oul certaiy combingtions and  svhcombingtions mgarded as noved  and
nonehvions, fpvestions embodied In other combinutions and subvombinations of

featurgs, tunvtons, clomeats, andior proportivs mray be elaimed In gpphications

15
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claindng prionity from ihiz or g refated application. Such claims, whether directed 1o &
different fnvertion or o the same iwvention, and whether broader, narrower, equal. oy
different In scope W the original claims, also are regarded as ncluded within the

subject matter of the inventions of the presend disclosure,
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WHATIS CLAIMED IR
A dispesable flexible Hguid sample preparation devies 20 comprising:

a collapsible body 30 having an internal compartment 32 defined by sidewalls
34, an fntertor swrface 38, an exierior surface 38, an indet 32, an outlet S8 and a Bigh
surface arca adsorbent polymeric eolement 48 pootained  within the  mvernal
compariment, the adsorbent polvmeric element having a first ond 42 and 8 second end
44 wherein the first end and the seonnd ond ses attached 1o the intevior surface of the
sichewatis,
2. The device of claim 1, wherein the tudy s 8 two-dimensiona! pillow-shaped bag,
3. The deviee of chidm 1, wherein the adsorbent polymeric element weludes a
curtain-Hike structure of & polvimeric shaped fiber bed,
4. The deviee of claim 3, wherein the polymerie shaped fiber bed ncludes a
contivsous padymenic shaped monofitament fiber,
3, The devies of olatm 3, wherein the shaped {iber further comprises surfsce pendast
functional groups that provide cation~-exchange or sidom-exchange functionadity.
6. The deviee of claim 3, wheretn the shaped fiber & melispan,
7. The device of olgim 3, wherein the shaped fiber has 2 winged-shaped cross-section
with a middle region comprising & ooagitdinad axis that runs down the center of the
fiter and having @ plurality of projections that extend radially oubwardly from the
from the middle region,
R, The deviee of olaim 3 whereln the shaped fiber comprises polvolefing,
thomoplastic  polymers,  polypropyiene,  polyester, _}i}iﬂ'}""{?ﬁ‘}jv‘"gt?ii& pesbvanide,
copalyesters, Hauid orvatatline polymers, and thermopdastiv clastomers, thermoplastic
polvarethane clastomers podyvethers. polyvether esters, and PBAX and glastomeric
olofing
& The deviee of olaim 3. wheredn the shaped fiber s assombled i loops substantally
paratiel (o each uther

HE A method of making a disposable Sexible pilloweshaped lgoid sample

preparation device (203 comprisiog:

g providing bwo polymerie sheets, each sheet baving an ouder periphery:
b providing o high secfice srea sdsorbent polyvmeric slement (40} sttachad

0 at lewal one adsarbent polyiieric bonding element {46 or 483, the bonding elument
having first and second ends:

¢ placing the adsorbent polvmerts clement and bonding element bebween

wts
ol
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the two polymeric sheets sach that the cuter peripheries of the fwo shoety pverlap exch
¥ i
other and the first and second ends of the bonding olemert are sandwithed between
£
opposing overlapping cuter peripheries
4. bonding together the two polymerty sheety a the a‘:m;:ria;;)p.‘mg oty
periphevies snd the fivst and second ends of the bonding element forming a pillow-

shaped device having an fmtornal compariment for honsing the adsorbent polymerie

2

element fixedly attached 1o opposing outer peripheries of the twa polymeriv sheet
11, The method of vlaim 10, whereln an outhet and an inlet ave Bredly atfached to the

pillons-shaped device,
20 A mothod of mabing a disposable flexible pillovw.shaped Hguid sample

prapan ation device Li‘ﬁ)’t{ﬁ'i\iﬂ

"

a. providing a single polyviseric sheet having an outer peniphery;

3
R

=

b, providing g %ug.lh surface arca adsorbent }{;§}f:§m’_ic element sttached o g
seconst ends;

v, placing the adsorbent polymeric eloment and bonding cloment on the
polymeric sheey

d. Iolding the pobyoeric sheet such the oater periphery of the sheet overlap
and the first and seeond ends of the bonding element are suandwichad between
oppasing overlapping outer peripheries;

honding the pelvmerie sheet ot the overlapping outer periphery and the fiest

atd seeond ends of the bonding element;

f. forming a pillow-shaped devics having au ifernal compartimens for housing

the adsorbent eleroent fxedly attached 1o oppoxing outer peripheries of the polymeric

sheet.
13, The method of olaim 12, whereln ary outlet and ay Infet are foedly attached o the

piflowsshaped deviee,

&
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