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In other cases, it is desirable to actually filter the large particles to facilitate adsorptive
separation of the smaller target agents. One example is the removal of cells from a culture

medium to recover an extracellular product.
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molecular filter type materials.

The invention as disclosed herein provides devices and methods for sample

purification, and detection and removal of target agents from a sample with increased
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In another embodiment, the particles are sandwiched between the one or more porous

matrices.

In one embodiment, the particles, the porous matrix or both are functionalized with
one or more reactive groups. The target agents are attached to the particles, porous matrix or
both via absorption, adsorption, ion exchange, covalent bonds, hydrophobic, dipole,
quadrupole, hydrogen bonding, specific interactions, formation of charged species, via

affinity interaction to specific ligands, or a combination thereof. In yet another embodiment,



WD 2005/ 123952 PCT/ US2005/ 020036 the particles are

pol ynet hacryl ate or a nethacrylate resins including,
whodaysosf exanple and not limtation, a FRACF’(CIEMBM/MOO%

EMD, a TOYOPEARLTM or a TSK— GELTM pol ymer matri x.

the p;%%td a2r§ § ngme?hm%? zlitg%ga(l énet acr resmssxé]g%?wlwg é@g‘x:ﬁﬁple and

not liffitafloRas tFl@\CBQG}BUTm ENIIU of @Y OPRARAT Ngr GSPRKAGEL™ polymer
Ami no 650 U. Parti al acetyl ated resin i ncl udes from

matrixabbuyet5gother eipbodingst/the resinr is TQ&S@P%&L@H Argigiorf$0 ingluding, for

exami aFngogad . AmBaieoha, CepPil Bchien foref i iccRmuts SoM o

Amin8 "$50d Uedttial RRElyladd a6 Yhai®Ed f&&i dbdub G GlSSatfono 5% or more
about 20% to about 75% acet |ated resin. In

acetylated trasins. ehbor pmhedimeat, thag &é%ylﬂeétféﬂnrlé%hl@ﬁs ﬁrwmab%%w% to
f t
about gSGyn g%%?lé%g?}gs/ b, ﬁ} leoqgérrt ?Mdﬂggﬁet{ b@t ?fj%({e?)gétlg% rIL%% I1ncéudes from

about f20?2(mo&b0uﬁ 7580 %oetylated @¢sin. 6ld0ped andthidranthbdirmait partial abétylated resin
i nt ended here0 n hat ‘5 remtg{lon of such sp @g

includes, {fpws; abeyfe3474 i sbopte 60 %ocagetylated rose. yd 2pther f edlment partial

acetyl§f38 Gédin ﬁmcfdd@g ﬁgfﬁr HRIPMR, $o ngid{"%@% 4c8 la[t@&fe‘éﬁxg If ﬁ.riﬂt%ﬁded herein
For exanp ,|nterangea d600| IS

that by mea@tatienl of cuch mcé‘ndampgcssthtﬁ%ges 0%1te551%0 m¢hle @tlghose specific

inteacf QI ROV SR B ook raEnBen i PEaFRER ARopdend 60%, i

is inté¥ed M6 SdlddSerddompRss 4594] 1599158%, hS’Z%aét@d);vathgﬁt\’adt@a?lyn&cmng each
i.e., not pre- hydrated before contact with the

SPeCItécmﬁpg®them% rn gpetheroushogdimeryty thy @QSlmmhxﬁl@webr@ﬁm g.e., fully pre-
t r
hydraglegg td?}f gc%s}éﬂg (1,e Le. Hcg ﬁ%?-g?&rgaed b-gfogg Hﬁrﬂf‘@ Vi S@l@ es%fggie and/or Oprev1ously
dry bwti Hydtated beforecopeacoivith ke samvge). | Die uderofanmirtisl racastaeadt dry and/or
t he device contains .a functionalized, porous nonwoven
wet regin i§,8l5e gncompassed Wikip ﬁlﬁ’a’%%%%&gﬁ MPEYOY 0 adsorb the
target agents. In one enbodi nent, the device contains
alth angsherorspestathe; devics coatainsa fynstignalized norgus nomavoyen or woven

matmp %Jt] lﬁg tﬁ@'a%gxtﬂgb rdd?&% ﬂi@yt t abefis! 'Iﬁnéﬂe' Erﬁgodlhfgnﬁ, t}rl?n device

anot her enbo t he por dus trix contalns uni
contaibs a\nanpabhempixeas wellzasspdrausgmatrb(hame dfbath of mhymtmatnces may be

f her ect i nveption rOVI des net hoxil
functGEAlEpc, Ihgjther eanhopiraght 1P pAIS HERJER R BR Ha kg wariable pore
sizes aR¥PHaf110im.(2) providing a sanple potentially
cont aining one or nore target agents; (b) providing a

i ?&%ﬁ&gpﬁpéétnﬂ)e(lraen‘ﬁeﬁ p vﬂ@%ﬁetﬁ@c{s ?ﬁﬁ?dgcﬁsleast one target

ng pore 'sizes larger ‘than 10 m an

agent [fitomn alsarnpleafonpmsmgc (@provipmggnsangde potentialypamtansing one or more
n.the gartl cl e have the ca

t
target FRpat (P grON e, A dbvics, Borpitg OB Mpie) el aetlipsighaving pore
sizes ldp€er SRAP @ ph® drltie(h‘}‘%\/ﬁlﬁﬁllty( & pﬁh&m Ii}hﬁ&gﬂated ﬂaﬁte ¥6us matrix,

target agent to artlcles to the one or nor e
wheregrp ths mrwg@sf haveghe rcamtth of aﬁ@r:h(l@ atslé@sé [0RE itargetaagenis 4&) subjecting

the sa¥fe BEThvBETE) icRe TSP el ReH P HF oaRRRECHo the one or

I nven

more BEPAS Mhirieds ondﬁitleC&nHQél) ﬁpﬁ'atlﬁ@ifﬂézfst an ﬂafgec AdenOfrom the sample.
conprising one or nore of the followng (i) a device

C AN hiitRdriEpett,ARE A&ntion provides test kits for target separation, detection and
sample purification comprising one or more of the following (i) a device containing a porous
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Fig5 Depicts a bargraph indicating the results of a Micro BCA assay of 12 fractions
collected for the different number of membrane (porous matrix) layers. Different f-
Lactoglobulin concentrations were showed on flow-through fractions of a solution
passing through 1 layer of resin-embedded membrane (labeled “resin”) or one layer of

membrane (labeled “control™).

Fig 6 Depicts a bargraph indicating the results of a Micro BCA aséay of 12 fractions
collected for the different number of membrane layers. Different p-Lactoglobulin

concentrations were showed on flow-through fractions of a solution passing through 2



Fig 6 Depicts a bargraph indicating the results of a
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V. PHRFARGED HESCRIPION Wk TRIIRVERATONG of expressed

gene products romcells, production and delivery of
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de acton appllca |ons anmong I'nventl on
are dedeitediboih. NEheembpthdds, ikite andh dméd:esdnévhecm%ntiohate sefidiah @ariety of
di.-fferepnt. con@ ents of a.sa Ie and allowthe fJnowof

applicatipnseinc 199HeRgIFParaHan. (i PrRCssIng Ol FXpIssash gene products
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concentrates, platelets concentrates, plasm, plasma

dehsti¢atat \éﬁﬁlicatlsb’s}( BF YHi§ Snveh Bk W@Hﬁdremoval of pathogens such as
prions, viruses, fungus, bacteria and toxins from a biological samples such as, for example, a
blood sample including whole blood, red blood cell containing compositions, red blood cell
concentrates, platelets concentrates, plasma, plasma derivatives, leukocytes, leukodepleted
blood, mammalian cell culture, fermentation broths and other media used for the manufacture

and delivery of biopharmaceuticals and the preparation of therapeutics.

1 Definitions

The definitions used in this application are for illustrative purposes and do not limit

the scope of the invention.



bl ood, manmalian cell culture, fernentation broths and
ot her nmedi a used for the manufacture and delivery of
whemphzaosaceut i cal s and the preparation of PCT/US2005/020036
therapeutics. 1. Definitions The definitions used in
t hy Leatic f okl | US (A p d_do
ot PPEPHEER, Hodh (e el bl GroRUPRRAR BYSEBe of the
invenfi6f) and M3 Rfe aR{IdgudS2Hfah (3200 Fenctidaaldeaidatives ef & resin with or without
"modjfied resinsg” are defined broadly wi thin the scope .
a fungfjonal,gropny, By e fissteen el OF F53TBRIG eRIbsHttipmy Hleletigaor addition
of chéhiegl &RARE (I8! anitld 4Gds) b aSahtRdld r¥did TborQfs Athidimui :
¢ functi onal (ggoup. The r)mdiagbi catl orgwflrf&ruéeféﬂlé or groflp, or both
For exataplp) amine shbttitution, acetylatidrs and/or partialbabdiylaton of gésins are included

. chem cal .entities .(e.g., amno acids) to a particular
n ther%?}i‘lﬁl,oné’lf'?(’(déﬁq‘d&ﬁﬁl%?‘onal group, or both. For exanpl e,
am no supstjtytion, acetylatjon, and/or parti al . .
ac é*tswssél F%fﬁmo?'tafgég arsh e flefined &wrfli?x it iAgh 8¢qpfiof hinvention
and iRflud@eldnis], bR, ﬁggﬁy%ﬁgl REIE fhat %%a?ﬁﬁe | ﬁ€ MeS device of the

. are defined broadly Nin the scope of e ention
inventipnl iTiatgeticagentseirichude, milesuleyi campoondsphsedli cahstitupats, sorganelles,

tt}at are ca ture(g by the device of the invelnéj on.. .
agaregalfy, 55, Bt AL PitTEORBIEY) UEh 2 gndSesRIShcluging. Virus, bacteria,
fungi CafdSprotoded) tathon@ ot | Taget maREBEIEIALS SnchideXpolymdiHd B8R cules such

and m croorgani snms such as g}at hogens_ i ncl uding, virus,
as polyaueleptide, molegulgs, forpxamplet 3 éa,Rl\g%@QbTAoRNé Bybrigy egtisense RNA,
. SQ Nkl 11C ul S . .
DN SRS D TR MG, WL P R et Snucte acid
molediléd; Bhigopeptidés oligomicktides, dtidess Pipidegrwoleid aci®N¥brids, antigen,
. NA, .ribozynme, natural, synthetic, or recombi nant
antib C,ag-ll?pdgcq%%/gmqm, e é)g(’)telg%/iaﬁg ﬁggrteggg% such as vWEF:FVIII, and HDL
amonglo'ﬂg,ggjucl eotides, peptides, peptide-nucleic acid
ybrids, antigen, antibody, antibody fragnents, |arge
PIA REA el 9 u i bk
anong ot Rer t&%g{rﬁ s@%ﬁﬁg rﬁe ?Sjr}n%? ﬂéé&qt%elﬁ%én'dﬁlgtrﬁ}glgcg n |g§nt that can
be foundtiernd étfe¢ta hielagicalnsampipsrich abh dlagesampteh Buch pathopens include the
. found in or.infect a bjological sanple sych.as a bl ood
variowSyigises, Sagliie, Btngortd FrET S EHbO it 1o (B Eenerally
be foRRCinesr idfecP WPbRZBIBod 8P 81dea!dfpoRsntK BANVBLHEP phtheSi Ofontaminants
skill in the art to generalllét/1 be found in or Tnfect
not yghlsnaswip| dBustestive egamples rad omeh tpathegensoingde p huthangemit dimited to,
' not vel . LI rative gx | es .of. .
bactefff I P Prochus NBLei 0 Mherlchict Siec bl PR $Rci viruses
such bactlmmiaa, ifmamodsficncypivirusssC Umds pEEr e SetrdvHoba! | Bdipés  viruses,
speci es and Bacjl|us species;. viryses, such as human,
ParamyaViFEas VIameserr vitiesiepatiitvigtsre fingluding hepatigis 4, hepatitis B, and
hepat{HS'®udtsf, YR& Virus BAARIMERVEMSS IRV i
cpa hepat i t%/ssj’\?’i% ruses (1 ncl adi nrgrl;;1 é%%c% P %ﬁ%%fég’ Q.i%:gpajgtdlfetﬁlﬁzalétaras1tes,
includinglplatvepdivintspeci, and rgmeipsomabpavdsitesses and t oga
viruses; and parasites, such as nalarial parasites,
As used herein, "sample” includes any sample containing a target agent that can be

captured by the device and method of the invention. Samples may be obtained from any
source that potentially contains a target agent. Such sources include animals, plants, soil, air,
water, fungi, bacteria, and viruses, among others. Animal samples are obtained, for example
from tissue biopsy, blood, hair, buccal scrapes, plasma, serum, skin, ascites, plural effusion,
thoracentesis fluid, spinal fluid, lymph fluid, bone marrow, respiratory fluid, intestinal fluid,

genital fluid, stool, urine, sputum, tears, saliva, tumors, organs, tissues, samples of in vitro



i ncl udi ng pl asnodi um speci es, and trypanosonal

parasites. As used herein, "sanple" includes any
weauphesont ai ni ng a target agent that can be PCEp$20&aR0036

by the device and nethod of the invention. Sanples nay

ot clfiyBPL AT BRI, AL HEbe EASA, SR LA amone

otherssoi |, air, water, fungi, bacteria, and viruses, anong
others. Aninal sanpl es are obtai ned, for exanple from
t iAgswied efds YVicelPlcARbke hédis” idelfdes any pFckaBfoticramlBryotic culture
serum skin, ascites, plural effusion, thoracentesis

media suchcas, & exampls, Lhagtena{; ﬁﬁﬁﬁtfﬂndmhefb@ﬁéobmlpg@w cell culture media,

mamlé?ga%' c’reﬂtc%[tXrefrhéﬂlg tplélﬁt ? hﬂ@%&}cy Inect cgfﬁﬂ'et ﬁl'mi:rltgt 0% broths and

other imedianessd forthplpesduetion and idelivery of bi@h&&@ﬁéﬂtﬂ:&&%d the preparatlon
PCT/ US2005/ 020036 cell culture constituents, fetal

of thepapeptacs. pI acent a cells or amiotic cells and/or fluid,
anong rs. As used_herein, "cell culture nedia"

i hel %a@aber&ﬁy “Blogd sapplel angludesy fosrexample and) aqiby waseel limitation,
wholeSB'l%Bd P2 lf]clc%d g«fiﬁw 'meac%}rﬁiolsﬁo S ?SE‘edan% Qﬁ concentrates and
robi ol 0og ce 8 S
plateletsﬂcbnldfeatrmem)l deukptyred, aﬁdllbulmdbplefed,blmdj hlcrtﬁlepxbtemd, tsueheas blood

fernmentati on brqfhs. an ot her nedi.a use or the, . .
clotting: Egtars.i SRYRAY fﬁé SBYNQgepy ﬁ%@ﬂ?ﬁ@ sy apd diquid blood

: comp&{e%ﬁaﬁt?cth'éé'i)lasﬁfa f)ﬁ%@ﬁ@t’i‘&dtﬁés ahé pl%i%ﬁlg cBﬁfaﬁhﬁg coﬂ?ﬁcﬁﬁﬁ)ns among

anpl e" includes, for exanplé and not by way of

Otherblomitsanplom whol e bl ood, red bl ood cell-contai ni ng
conpositions (e.g., red bl ood cel| concentrates and
pIAatusédahereinoﬂxeem atd $)aodl celicontaining canpbsiténk ateps eheld blood,

:-»

red blpg@ lcg]ll §8r|1cggg' ot c? Ig{l‘% amséﬁ %Qﬁ?@gﬁ%ﬁ%@% ﬁgrlxtglﬁa redg blood cells. Other
than ﬂeH‘Bl&SZQEé]RU ltnenesomﬁdmldnl Sl lsd |c@19c§1n £ BBIOAEANScorthiiBleASolution,

pl asnae, plasma derivatives, and pl asma- cont ai ni ng

such %SoAB@s&t meelér(ﬁﬁ@) SIDHOL lﬁAde Qatrﬁnle(és AsonBAS- 2 (Erythrosol),
and oHee 5ﬂnore éelﬂgla} Blood co\%ﬁ) F&lznq.% %ng r morg g og)lflgal [}glélé,l gra mixture of one

nposition’ neans Ioo

or mo@@ aelarnirrlﬂb@ds c@ﬁﬁo@ms a)fdhﬁrorﬁcﬂmﬁsﬂetbl@éﬂ pivdding OBilich ¢Wnpositions
red bl ood. . ce O her than red blood cells, the

may a&?ﬁﬁB@fHBﬁ“‘éQ%OQICQ@PBBWaﬁuﬁ h gs plaginggi cal |y conpati bl e
solution,  such as ARC-8, Nutricell (AS-3), ADSCL
(As uspd hepsin,s' Partiche. mpans oTRAEC 0T (IBPREARICRASPYS, OF BERPOSINS forms

havmga dig?ﬁe%er o?labbltlxtalr totytbgﬁtdZ(ﬁ)o R P %ﬂ)tré thé3d ?ncq{l(?(‘{'?(}}‘ %goo d not by

ure of" one nmor e ce
way ofdimitaiion] ﬁba'e ddndr a dexggtioto dnnetdwlram opabéi Ingm fBuabout 20 um or

cO sjtions may al so co tain a |i bl god
more dB%H@Ht to @wwem %gra%@as, ﬁ’é?& » FESINS, OF PoRdgrs, among
otherdTEANS organi c or |norgan| c por ous or nonporous forns
having a di aneter of about 1 to about 200 m or nore,

t R&SRel 'Eg}eﬂij, Bisorb@ht" e‘§@1ﬂm/@ @lndsoﬂﬂfonb%eans capable of taking up and

holding by either absorption or adsorption.

As used herein, "attachment” is broadly defined within the scope of the invention and
includes .any type of physical, chemical, or biological bonding processes between two entities
and includes, for example and not by way of limitation, absorption, adsorption, covalent
bonding, ion exchange, hydrophobic, hydrogen bonding, dipole, quadrupole or affinity

interaction, formation of charged species, the attachment of affinity ligands (e.g., including



way of limtation, fibers with a length to dianeter

ratio of about 1 mto about 20 mor nore, in addition

wWa 2005023952 ve particles such as granul es, beadseCTES0085(020036
or powders, anong others. As used herein, "sorbent"

4 SOrpit | yen "SO kon” S p f taking.up .
peptid’ SigohileHiass rblels” EATrBEP WeforRopis? HARiGE fuorinated
materitdgamengothers’ att achnent” is broadly defined within

the scope of the invention and includes any type of

Phs usal hereide MhgiRéd sOlutibh OleTers Ctal a ROMELNFhdd! RBEREQFed a certain

between two entities and jincludes, for exanple and )
amoughpf Hie {@EaPt proteinnioxin. ivoms, bastesiapor gkher QtrapispY iinrits pure, partially
purifig@ lEe fo@Ndi ng, ion exchange, hydrophobic, hydrogen

bondi ng, 8I| pol e, quadrupole or affinity interaction,
fgrmtitlpr’]_ l(lef har ged species, the attachnment of

aft i ni ty PGHRE% (e.g., including -8 WD 2005/ 123952

PG/ U$S2005/ 036 ptides, oligonucleotides,. . .
D e cARee Lok e R kot e o s matrix having partiles

imprdghited itReéiad Seleeidy bPh pbrous ABx ChR&asy whtely $8M8id Ble@cBpe of the
"spi ked solution” refers to a solution that has

inventiggej Yseflgmatsicesaingludgrivveren aid nerwavgn dabrigsr ueh as fibrous webs),
. , , r n
8. 500 SRR, el ARSI oo i o of any
materiidis rand ablyemdthoids dmooh tohéhepars artudiny endliblowiagmepinSehding, and
1 E&nous matri x having particles inpregnated therein.
eleclredMMPgon of a porous matrix can vary widely within
the scope of the, inventjon, Useful matrices include '
woHRRURHEb Skt larbiastied because sshfwebs guevidelssge surface areas,

: ] I f L Oens.: ety .
with SRR TS R [Ring fIRLHed (B89 23, TN b ferial cos.
and alletMaocks fdeneasiatipn inhbear texturenahdidiber demditybl @wiwide variety of fiber
. i nbond} pg, d el.ectrospipning. Fjbro bs ar
diamfist P &01 070 e oS ikl i e wetbagiios 8 B G eesphahe present
invenfibh.! TREmArBARicknd¥s i vaHRAO ¥ theldeSitsi NG BB tHB e, e.g., about 0.1
preferred due to ease of manufacture, |'ow nmateri al

nm teahout 10Q aa thickowarere flbe mairik gan be uped inj the formeaf asipgle sheet or
fi ensi: L.\ ' vari etyesof_ fiber | anet er .
sack g degf ARG 06, AL LAY 0 eyt chPBR BBodiment
calendkaingosr présstiiging o€ sleporouvanix BhreqUifel iMBérdextot 4hid8 kS desired
is varied to fit the desired utility of the device,

thicknesy,and geyg fizen the porpws BRI of the demicehpk thegpvensior is made from a
wide %tlét}; f 3R GnH $§Rhk FBEsS K i %etgilb :}g%ﬁsgg%@/gfc?lgﬁ?dochemwal

stac ed as desired to achieve t r
propedtits xfghé¢ porous matnive irdensiedifmethte, endcapipbicationi ribheoporous matrix of the

invenﬁér? 3% ﬁﬁrzllgélgy ?’i?g atg&?a}l g(gr soylilxﬁleggtsrolué:els Slncrlgcﬁrlljé,r E)g elxgmg{eﬁj %E)lyester,
polypropylene, rayon, aramid, and/or cotton, among others.

Also encompassed within the scope of the present invention is the use of two or more
different matrices with different chemical or physical characteristics. In one embodiment of
the present invention, the porous matrix is a blend of two or more of the same or different
types of woven and/or nonwoven fabrics. In another embodiment, a hybrid of two or more
porous matrices with different pore sizes is used, one matrix having smaller pore sizes acts to
capture the smaller materials whereas the other matrix having larger pore sizes acts as a filter

for larger materials (leukocytes for example). In another embodiment, a functionalized



t hi ckness and pore size. The porous matrix of the
devices of the invention is nade froma wde variety
wmboonarwsal and synthetic fibers, accordi ng toP€hES2005/020036
preci se physi cal and chem cal properti es of the
f ' . .
poroug%ﬂtig % o ﬁ(lt}J Fép%.ﬁh(?%gs rl]l\gl\rélrr]l% Fe:agtegg {pg%é g{r%g nl]y})qaced within
anothélahemhianeas syulipbetu c sources including, for exanple,
pol yester, polypropyl ene, rayon, aram d, and/or
CQLX oNn Noawonen Fubmés. Al so enconpassed within the
scope of the present invention is the use of two or
MNoawoiter FaRE tard RindbMesbrotid Webs, fibah&Nby GRhtiadl, ¥t or air laid
physi cal characteristics. In one_ enbodi nent of t he
meang, prds Baing infereennsating RRepAERudoRghrthy cross geqstoan N@Twavgp fabrics
e
are u&faqu{a? rrtgcgrg\%%gl}]e%ﬁr@?ﬁo%rse%%c% gxﬁ o{tlﬁeiﬁ'éfxﬂfﬁgg%gtevﬁlife%g or from molten
plastibypbplagtiofilh Wl hese fiubties aredroaddy defiddcasssheett dr wie Stewceurts bonded
pore sizes is used, matrix having snaller pore
together bys i‘%rc%ant ee%?agup%eﬁ(bﬁre OF et GRperprtine s dnechanically,
th P h ?h 09 L RRRRES RRIKIN 28FesAe! Bord
erm%lf‘fto tch@ﬁncgﬁ? s ol® ks u?% s ﬁt}g? ésle.chamcal

arg materials (| eukocytes for exa
interldakiregiopt mdhmloﬂimldam f;ntalgimmmt,l theradal betdiing, anih\gitch.
2005/ 123952 PCT/ US2005/ 020036 porous matrix for
afliypically, senmavah ifabricseve noean  pore dbdve (MPR dligoeterssianging from

ace mﬂth n anqt her nenbrane as a ort..2.1].
sbout R0 0Pt e PERG PR 5 ARG 16 Lot least 10

pm. I8 Bfefedr &I &ﬁ%&?bﬁeﬂ?ﬁ Pk AR matMR hadh ?@ﬂe rsdeaif %or@ﬁﬁaﬂq 030, In yet
haVIng Interconnectlng open areaS rOUg he cross

anothereernbastimentp theopazoust mbirixdns agpare giza aif Inyorf: Itlaan 1ppmoul is intended

herelrf &gﬁ?%ﬁc@ on %f sugﬁcsigecgft reat |r¥ ai v%lqum eﬁ{]a éeg rf]cclélg ?I dlso 1nclude all
those @pétlﬁ)({] m&@by a6ty Bekwasn &fé&eéxtdarva\l&l@ Fof afetrwle SmeRNBAI10 um is
et her r_exanp ent an

mten‘#’id%&ﬁ@ﬁteslc‘ﬁflpﬁér1?o¥(?at3i0n@5’f7ol> 120, s500n 204, 48 apd 500 pum, etc., without
actua]flﬁfé‘bﬂ%%'dd% lth%’r oiisi Ng various techni ques
"u |

ng a eslve ng, mechanical interlocking

b»i'hg %?e% 'plage c?lé?:;{eg Rgt}{?%t?réc:{}ﬁ)?{é%hg%r%’co}r_g%%)% to the de51red pore

bon I g, nonwoven rcs
diamet@aor ﬂowe)ffth@lurgd\dg@egdteamfetmnﬁolbgi@@li mktiire 0 For akmnplg:,lm the case

500 In one e I men orous,_matrix _.
of redh'algog %ﬁﬁ B0t How diamgten %‘5@3 %f ﬁwor%ﬁ . Ew&f@r W@g In this case,
any p?fr?g%’ %ii g@ﬁ‘ %orc;ug %aﬁﬁfe%\'lﬁh %ﬁétés iﬁé‘%h% Bhé 1§ :gﬁ? wolld Y fapped in

anot her or ous
the spamsrhenvdmsheaﬁbm endspmcloi wnmlldestﬂlﬁaamvaﬂﬁbh folrtadscgptlon of the target
t ended hat ecitatio ch ecific. )
specido R Eapitpiarisenty vl dae e aride el s R Adblyfrion while

allowing @RSy 6086 ldriér spédi@aBfoughene Pote E}ﬁk&\ﬁen the recited
val ues. For exanple, nore than 10 pmis intended to

alI\%%v&%Q&PfQBﬁ§§ar%gnad7eQ)f fiblrs tha, dgﬂg:ndﬂig%n tﬁ@@abn@@&n H8od, have
and 500 m etc., wthout actually réciting each

diameggre o ﬁ)p(:angmg,efot ercamepley. from about 0.01 to about 10 um. The fibers consist of

a wide variety of materials including natural fibers and synthetic fibers. Natural fibers

include, for example, cellulose, cotton, and wool, among others. Synthetic fibers include

common polymers such as polypropylene and polyester (PET, polyethylene terephthalate).

Suitable polymers include polyalkylenes such as polyethylene and polypropylene, polyvinyl

chloride, polyamides such as the various nylons, polystyrenes, polyarylsulfones, polyvinyl

-10-



The mean pore dianeter of the fabric can be chosen to
correspond to the desired pore dianeter for flow of
w0 bwshzaoge aggregates in the biological m xturBCT/ES1005/020036
exanple, in the case of red blood cells, pore fl ow
alcoh@:,iigﬁfgaélhez\pg,g%t?%ﬁgmgrp aﬁ%ﬁte,pgﬁgle%(ggl%ga??oufn as Vao )ﬁnetﬂyl me&lacrylate
polycatbanvé, eeelluldsids beahonasl deRlulvsvOadethtd) butyrate ¢dlyiebterst hﬁch as poly
between the fibers and particles wuld still be

(ethyla%i%?ee;bﬂ@la@r PRlyisides apd pelyutetianeysysbias pohisthes polypgethanes, and

binS8 gnificantly snaller dianeter particles can
comby JE’Jﬂs‘%e er?%r adsorption while allowing flow of the

[ hr h S n

f g{)ﬂ 8¥§rg fa&n?r% IAg g&' % ep%re?iﬁ m %gt%’g%‘ oﬁg o)fowgg ?gtruded polymers

such afsqi@lye@tat mmvpdmllayldnesh m@olydieasn@ﬁ thé nonbmkeleftapstyméss described
fo fromabout 0.01 to about 10 m The fibers

abovecftsﬁ @lsgtm%ifldedawvth'@ethv aronetSf the Prasertrinygniionn Additionglly, nonwoven

fabrich %}4[" Eﬂjnblfng? Slebs Wfﬁ\éﬂ:t E}thﬂtﬁn;té REER: of \Ghe! T‘Bl& sfdnkae(!rﬁnped staple
i nclude, for exanple ose, cotton,

fibersarimoge embedlmenﬁ}hﬁ tetviavefi ifiteicsofithe Herdee of:tdlmmmntlon also includes

e R S BBl B S RO YESAS, (Bl in U

Pat. N9? ‘4'4@@ QZWQiM%B%Weﬁ%eﬁe&@'lﬂ% Qﬂilﬁ[}@ &nzﬂidltlonally contalns
ropyl ene, polyvinyl | oride, polyam des such

y
rmnﬁwmeggbwsous nyl ons, polystyrenes pol yaryl sul f ones,
pol yvinyl -10 WD 2005/123952 PCT/ US2005/ 020036
aNooiwvoven plabridsutayd emade diyhydiffaremty Imemos;t anodyding meltblowing and

. I | at h t hyl t | at .
spinbiinte Ehfe A e SpliRLPreories & Rodting nediOen s together,
for exarhipld, aletabritds €S (velded $é§ekhe@%sﬂg|a‘ﬁ ul€oldd Sieer/sealer or by the use

terepht hal ate), polyi m des yur et hanes such as

of a pressye@prly heat gnd @pm@mu&ﬁaﬁou@dn@m&ld HABWEYRES ERtain layers of

ﬁbers%%ﬁ%f%a?@lr gﬁg{ag g L ex?‘llggpegﬁlo%& Q)?rlga‘iialsugfgﬂeésg Bonding with an

adhespel ordehieis moekspgl ﬁbaltlkfyﬂlefliieﬁl n(ﬁﬂmleiy rfﬂfrﬁ: (Wettlhid nonwoven fabrics
rs of the polynmers described bove e al so i

are PITREVNEIAITHPY SIS CANANEE Gy Bndpry 3, P T LasRted; Rghe Wilh, the layering

resultr\%%cﬁ(ﬁﬁ ARAHeb¥siti AP ONBYERE fromB3PWAESsIahS. NeBREABRh#ERShwoven fabrics

are an intimate blend of fine fibers and crinped
are charagperized by ithe entangledoenmditinoafi fohems of Wh@hnbwwmemnfpam with the
of ,the .in enthﬁn al so. i ncl

entan%glpﬁxi}gs?ujw CE’B%{PC ]a%%l}ca on'g o QISture cg ﬁﬂtlBBltcha fibrous web.

Spunl&d:ddeﬁorﬂﬁovbﬂ fabidd héve fberSleathpleachy ActidnSof hightvelddity water jets
4,433,024 (incorporated herein by reference inits

(proceshelse salled hydroeataelemsnll | y contai ns  rei nf or ci ng
fi bers. Nonwoven fabrics are made by different neans,
i dcl udiPatficles t bl owi ng and spi nbinding. There are
several nechani cal approaches to bondi ng nonwoven
f &b ohe espesyghdhrdevice 06 rtheemmt anvantinh rindladesapaticles akewell as the

th SQu cutter/seal er or by. 1he
porous ggi%%?ﬁagy glp%g% etaocagg%f1 ﬁg&h tilﬁ (ﬁarﬁ?te?gﬁtﬁ eTﬁ;‘ie pa1¥1cfes are porous,
non p&tolis b BEEOUS bile efbydim@hi] tHEQFOARKS 1St C165 Wrd isrbeyRiiticl@f capable of
adsorption or absorption of the target agent. The particles are made of one material or a
combination of two or more materials, which materials are non-swellable or swellable in

organic fluids or aqueous fluids and are substantially insoluble in water or fluids. It has been
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fi bers, each | ayer containing randomy positioned or

parallel fibers. Bonding with an adhesive or heat is
woewessasy for the dry-laid nonwoven fabric. VEtFUS3005/020036

nonwoven fabrics are paper-I|ike nonwovens contai ni ng

a random acrray of ]Jayered fibers, with the |ayerin .
found e SREERS i B st S G rimy ittio b bl ik il sce range
falling Wwithinythe beRdr@penched nonwoven fabrics are

characterized by the entangl ed condition of fibers of

WRi&hnl REYpASBhE %HRE&% Qan %xtyr\vﬁigff%‘y wRIth3RI5@PB JF the invention and

resulting fromthe application of heat, noisture and
dependdp tsem ertend uporf thisrtppesofpdrous Bptriy suppart nutawohieln such particles are

. fahrics have fibers,entangled b ction_of .
incorpiflid ;PP i & B Bl Sodgeof i pe, oran imegulr
shapehortH @piiiaspnah&esf) . 3. Particles In one aspect, the

device of the present invention includes particles as

WehtticRS uk&tin tROUeHiSe BPheiiveniah hhvd SSapparat §z€ ARRM th¥ range of
to attach the tar%et agents. The particCles are porous,

aboutnbA ortouabout 280300 Um. ohmegenetrbddifisrances lre upefnbparticle sizes are
. ti.cl es are sorbent particles ¢ bl e of adsorption
aicadBFb} e FRe B reoROPR P e ¥R AR o, HeomBraed Brictes and
equipieftewhich ait€ ubiiz&) toaforMr the poaishimaiki Md BE Porssitdof BE enatrix so
materials, which materials are non-swel | abl e or

formed\\e Fprmgrampla, nepweyenclibroys qebs randqfikiliated palyaner angfrigesecan be

om0 30, J0GE SRS S s 380y s
partickd vaatwegd dus then neowevdns swhite d sl 0o penpizey pastidlésc hrespreferred for

b or nore particl e range falling within the
ﬁbrﬂlﬂ?@ﬁﬁh%‘fb@?‘]{g’gﬁhﬁ’ nsﬁ%f@'ﬁ)d}a%m ‘?S'the particles can vary
Wi ?ely within the scope qof the invention and  depend .
t Slsoisludsd avithin, Hisnscopg of hseprgsenp Frvsntonrater partidep g a wide
range' Jit }%rj\,‘\’gfz%g‘ %l&aﬁthczi FelatiVe H.r%hg ?Bféoﬁ% art ué%grfolr atllge efficient

exanp particl es have a sphe shape, a regu
captursiod phee, larger tangdt modepuleay such s pmteins, while pattichestwitinsmaller pore sizes

t eof . Particles used |.n the deyice of_the inventi.
are w30 i offai FaeTEe 28 Sheltf faien Ealesifis”oFie Gpefibt fvasafle pore
sizes {s0for @RAthpld ORom0sbolt 01001 genes about @1 [18Y eRCEe émbatiMbst the pore
particle sizes are dictated by the type of the porous

sizes gratabpyt Q- hrOwidi eh- Jaenptipeembedimenic Biemorasiges agabewtsted pm. In
yet ax%gl%r .e&%UHWéth%’gbx%hsi?ers oéjtd{’#é%%'g ?m{ §{) mo%%flr%gg .rirﬁggdred herein

r-x an rosity matrrx
that bg>tecifakien oficmsinspenified awuges, the rangen dediieliraldol intlade phlthorerspecific

) matrices can be forpulated with the entire sjize range
integes AmgUps PEivESn U iop rIBNgES. dioh GYarmBIe 20 ahe8eg afabout 0.1°0.55 um,
it is iRRh8dL P als8 RcoRpsts (02, 6.5920800WONENSc MVithSutlacklyWeciting each
sized particles are preferred for fibrillated
specifpoiapgetheremlithor oet hyl ene (PTFE) matrices. Al so incl uded
within the scope of the present invention are
p&he pattieks laseymade of eurtsbm or an organic compound which can be a polymer or

copolymer. For example, particles are made of a copolymer of styrene and divinylbenzene
and derivatives thereof, polymethacrylate ester, derivatized azlactone polymer or copolymer,
organic coated inorganic oxide particles such as silica, alumina, aluminum oxide, titania,
titanium oxide, zirconia, and other ceramic materials, glass, cellulose, agarose, and a wide
variety of different polymers, including polystyrene and polymethylmethacrylate, acrylic

resins and and other types of gels used for electrophoresis, among others.
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range of pore sizes. Particles with a relatively |arge
pore size are used for the efficient capture of the
wo 20ga2395mr get nol ecul es, such as proteins, WPEBEUS2005/020036
particles with smaller pore sizes are used for the
e [ cyl . .
; Qb SRhIE BRI (61 B Plpdils LAHRE B HCREe of Baricle which
can baboatéd OithGasolutile ﬂtﬁﬂableﬁorhdn-swalabhesoebdno thamrals ort their external

ore sizes are about, 0,.1-0.55 I n angt her
and/of iz ces hﬁl gmbodiment, the g%ales éweﬁ o gwolwne of @pout 2-5

times dP HoRe4s &mgéd%%elr&r@nﬁq{&%igﬁ?s are about 0.25-5 m

or nore. I's 1ntended herein  that by recitation of

S f .

e
whichr eani beetiﬂomﬂg&sordﬁry toethalspéoeﬁc safpardnmnrarsmanmdahoﬂ‘hese functions
. .1-0.55.m i s intended to alsa encanpa
inclugs Trplipny iogy e§°18|'?1‘=’%t %hei%flhss&w SEEHsPRy cly ‘?lﬁﬁy’e%{Eh Preferred

partlcﬁooﬁlﬁiehhpf& NG cdHBES Mcllles TR gBAE bkide %)'irtﬁﬂe% Eﬁg?pﬁferably silica
carbon or an organic conpound which can be a pol yne

partices. Smhmﬂrgrdes having c@t@dmlr@ceqomtweil kmovar & thedet, sée, zior example,

snyaciaff st e iR G ot LS P S ey, 24 B4, sohn Wiley

& SofkSIcy 979 pshPH| Bighe a:ealpgbmat o OCHOR e - BBAy: 351Q011 986)i393-408 and

coat ed i norgani ¢ oxide particles such as silica,

includg| meflidigd stliqanpasticlesdlira, Parti¢lem having crvalenthivbendedeorganic groups
1nclucﬁﬁ$ %%Ho é’cyaggea o’ser (&Eﬁé? g’gt 6{3{&8@1% ?lﬁ l%e coatlpgs can be

mechgutallyeapplied niey uali sigy pmlsglmkmge of pahyaners or can be functional groups
0] ymet hyl net hacgr yl acrylic resins and and ot her
COVd$§bé?n6?¥§gE§S%§§% ?3?‘@F5@¥rophore3|s among ot hers.
-12 WD 2005/ 123952 PCT/ US2005/ 020036 O her suitable
pdihe jagoust plopartigles fnromosated #io the BOTPHY BREHFAN KA jdely within
the scgaeoflggltpgé:sleﬁ WMAERnC P@E 15,98 Gthothd JF aﬂ?t@és%% om ab about 1 to

or non-swel [ abl& sorbent terials
about&9fe by ablumerd/the dd:\rid:ee r Praferahly.fthe emountris groates mmmm |by volume

e b S G5B SFon
containUiis ttd 39D br GRGHE | BYd wefght @f ﬁfaﬁi’dl&e tBd2€%y bidviding a potentially high
functionalities and physical properties, which can be

capacityifpo fasget aittechraeniy The particlepetith invsetion aencsallyawithstand a wide
[ d
range d}{&?{; @gﬂes -Iihlg ?)gatn%ig ‘i)tl-ts t%el?icscél&%lct: Ilziu(% I%Wep E(% %ﬁ Y'c{h?él of about 12 or
higheaf f i ni ty etc. Preferred particle rmterl al for such
coatings includes inorganic oxide particles, nost
PITRE gjaitities 6ff theCiaveridht 4r6 VefsatiBugtd BRI ided |t6 caRFVaul G variety of
coated surfaces are well known in the art, see, for
chromasegrgnhic or Qppddwomatagtaphik| separation raspaygu Expwples pf\ibgeseparation

meth(i'ds %n?e@%t? gﬂﬁlatﬂg?/sgg%g g{ Etg? ‘. p’re-is?gg rlﬁr%klﬁ%x} iffo 18 Severse phase

separdtions,naffiagy aa;lsmatﬁﬁﬁ &ifaBgd BaBsefattians] iohsexthisige chromatography,
dified silica particles, silica pqzirtlcl es havi ng

gel ﬁ[gg%p,e PRRASARBLS CATRRARFRL $HPaIRYEN. ¢ m%wa, among other
methdd¥ Qlfogégé&ﬂm (;ﬁez{sﬁﬁﬁg’ lo} coAOinE I heRGH A Ai¥blicHl ANRE agents from

he co tlngs can
other components of a sample The particles are also used for binding to and thereby

separating nucleic acid molecules and/or polypeptide target agents from a sample.
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mechani cally applied by in situ crosslinking of

pol yners or can be functional groups covalently
whondezBosn t he surface of the particles. The apmun$2003/020036

particles incorporated into the porous matrix can vary

wi del ¥ wi.thin resent I nvent
cen ety Pabie 8636 FEOBF of e i ero R bloy Rt s rpsns for
adsorption sharatioOHe Ryailudldinea Digd Vieiecteuf @1¢fereﬁt ﬁfaﬁrﬁlﬁ Ynclddigy silica,

anpunt is greater than 20% by vol une,

glass, fedplosgagarosecaidp WiIdEVasighy a«‘/ d%ffﬂf?}ﬁePOIWﬁ%’ u&l%% pelystyrene

polyn{%fthyllggthaéﬁfsa?ﬂ:po%@wg%ll ) ﬁgﬂ&%f‘ aU%htc es?xgso/%rf?irother types of

gels usext ﬁntalahbyhdre:gsh Maap af ltlteypcfrous ddsogptivn aedimcduchak sﬂfEh,eglass and
art| e invention general.l t hst and

polynfel s terdris apd Pt oG gSisil i SR ES Btz hg Fgige of about

1-2 mp/%V&rdrfE@ rédih MAAWE S0 M2 alstricd 2e2h. OB BRJes of R&ins are cross linked

articles of the invention are versatile and are used
gels thas cgamqt)beoimed avitheut éa:yagmg themtyare gTh@h itypegrof resins normally do

a C. separ.at.ion_ass | es of t.he
not by ARG St RaRispils RN o AP ublpsBity friSugh the
cross lilkedohasignt i nvention include reverse phase
separations, affinity separations, expanded bed

Seisy @ﬁdo%b%sseﬂqgnlﬁﬁctﬂ@@%ecw fh@ﬁh@&ftﬁﬂrﬂﬁ the 98¢ of modified resins
filtration, chromatographi c conponent separation,

including malmse/aelamrs aod ﬁuwtloaaiﬁiqgvaime of a metura) s nesrdified resin, or the

h
funciil Yyl BF R0 bl i bsft Rt SABIRE R, getetion, or
addmsﬂresﬁ chemithleenpities (ecd. eammmbercRisy o alpadichiar rd3in) di ity finetidhsl group,
t hereby separati ng nucl eic acid nol ecul es and/ or

or botgo Kps @WB‘E aming SEOSiIANG a¢ctyation. aadvsr partiahagefggtion of resins are
1nclu(feﬁcewi/élﬁﬁ%ﬁégco$gyﬁ WR2O0=A (A0 Oﬁi‘ﬁgﬁn&&ﬁéeﬁ{o&aqﬁ tR& "Rl bﬁal%oup of a

evi ce e I nvention a porous resin.
resin rsedsonsclidad widlls digpdcopnoSthp arcdifiadrssias accanding twithe invention.
| arge variety of different materials, including
sidtheratypesgbfassturat ek Imk’nchﬁai ragsrestil witddn ahsvsclpevelt thetigvention

f different paqlymers, Iudln poI styrene
includge, etk A HRIISHy Fox Bhongbh) syREAGSeR it SeRPfasee octyl sepharose,
polysllf}g O%LS’-lnﬁ&HyMtﬁ cfl@iik/h%e&@ge OEﬁﬁBcetlly @@S p&QystyR8E-JiviAbknzene,

r el ectrophoresis of 'the porous adsorptlon
hydroeedbi G4 malystyrase- énvmyd;lchzweaslsymll pbé¢nphepdygpenedivinylbenzene,
ne ted.pores, W th.surface.area
metnfl, 15 oAcEHE BINE IR FREEEMIE, Fhaglbartop phery 25585 mvD.
hydrogR8bierBdsth- pﬁrrhaﬁadr?lﬁterbo-}glﬁﬁér ﬂkr)éﬁﬂ?l BMD a6idRsphebRR resin-phenyl

cross linked gels that cannot ied w thout

methaggiialgi sRypelnaes OeiyE tsaplzaroseh erbenyl yffé’bar@ﬁe,r tayapsah ikl Toyopearl

ammo(rjrgsoesrr]?r %ﬁgreamgﬁg%? 0 dlf(% ) un (;)/@f ﬁf’ g%%ﬁﬂ ?immo -650EC,
Toyopeaddsityl+G3RBAT ogmipeark butfl- éiﬂ(&rﬁnynpmbhdy%immdmeataherésos

of the in nist u f_nodifi i NS
Toyopeat)| g Fh@yﬂiﬂajf@ws%ﬂ TSIV ERPEh G uhaq0s, Toyopearl hexyl-
650C A FbYHRbH VIRKyRESMN &oYbHarl OphdiPHE 0L ATdyopldH pREnyI¥BOC (PRDT),
Toyopearl phenyl-650M, and Toyopearl 659 CU (PRDT) among others. All Toyopearl resins.

are available commercially from Tosoh Biosep, Montgomeryville, PA. Sepharose resins are
available from GE Healthcare, Piscataway, NJ. Fractogel resins are available from Merck,

Darmstadt, Germany. Hydrocell resins are available through BioChrom Labs, Inc., Terre

-14 -



functional groups thereof. The nodification includes

for exanple, substitution, deletion, or addition of
wehwsilzas2z entities (e.g., amno acids) to a pardT/vsdoas/020036

resin, or its functional group., or both. For

tltutlon acetyl ati.on, an r. . .
Hau 107 e AR RS s e na STt VBl s Rlpsalfr resins
that afeqablicifavhilablé.nventi on. Any nodification to the
functional group of a resin is also included within

t hepsread festfs 4rd padiRdiihioes célﬁﬁinnﬂlealﬁﬁi‘i’é&ynﬁﬁnci @iahfR®r available for
i nvention. Qher types of natural nodi fi ed resins

flow ig dletermingd bpiithe maﬁ@clg d@p@tqsfan@l the qu\»@m fragiion; ncl ude, but
are not limted to, phenyl sepharose, butyl sepharose,
_dgtyl sepharose, polystyrene cross-Iinked mﬁt?l
~dj yLpyl benzene, hydrocell C3 )
polystyrene di vi nyl benzene, hydrocell C4
r . . .
where?x’? §l§ y{ree \%?%I{ ﬁyrglg%cg%getep%} fﬁﬁf\)ﬁ\%@ﬁ BXthlcles, dp is the particle
diamerm’; bmbtn)sltm emd Btat:tydn HI C net hacryl at e,
wi de- pore- hi - , fract ogel ., ,hydr ophobi.c
r &% ‘hP pt9|a“ﬁ%& rS\PF%{F%‘O Y cSEW%}F ﬂf%%fﬂ\“g&elit IERggessary to use
large BM@QQ'&Q&QH& tirR $hcPe R0 BRYAiffuliBh hatdiarlca sy ﬁ%bﬁﬁbﬂ% the resin. For
octyl sepharose, phenyl sepharose, Toyopearl

examp‘lcy@p@klow rednblped @atbsto floyopeargh thei eQduBB0 Moumdﬁﬁpem Hiameter

particles ar? gqoegé’ry L) é * @rrp)t é/]oreglg%l% er.l.lg fg% éIZtﬂpamcle space if the bed

poroshylisydboﬁﬁ@M Toyopearl et her-650S, Toyopear!l
et her-650C, Toyopear!| ether-650M _Toyopear |

hexy! - Gelm. InT_F}YQDﬁ&INo}i'ﬁMh'F&?QQ (RIppsyopear |
hexyl - 650M Toyopear| phenyl-650S, Toyopear|

Ph®e YhcoBRRbtidd 8Re partidiey 86 ffe! m#HR Rxh b& al¥mphisked through variety
Toyopearl 659 CU (I%RDT anong ot hers. All Toyopear]|
of waygsiStree rwp@/oa@afabam earc bermade Vet § contoplielonesn Bireslqmeter, it is
P 0, r
possﬂ$f9 % Q%E%ﬁ}eﬁ/tk 0 cglrseré‘ﬁ B sca? S S?l%h aﬁ&h@ én&r ?eosa el?{e%f L@(Re within the
fibersanakiny ap theloawbvantabiesck, Dar et adt , Germany.
Hydrocell resins are avail able through Bi oChrom Labs,
| Mhese ikfpréghated kdbnWEVEDRbd 8 Dé di4db/ ik22RHelyQFWA3S. For example,
Haute, I'N. The remai ning resins are generic nanmes for
dry partiglgsi @atwb@fhyea@etanakeé rhedyeens gyo rpé%\nw@ly tfpramedg penwoven fabrics.
i.Cl f. [
AlterBiihs dfy BARIAPSE, bl I BOREUE TR! 85 (s PP K8fhe' RECE during
meltbisvidgoe Ismn’meddllng This gbsar possible i araighy ranﬂpdrhﬂebe/ﬁlle wet using

vaid fractio 1- erei - t he
wet. 185j0g e iR modivadse: e RBHCIY ot BapikRAicd o an already
formeﬁ%ﬂei‘%yel‘f'ydrgéhtér%letrﬁ@n Qﬁ’H fhefe! ﬁoulg 'b@ﬁ@tn?erlt’ bonlfhgCofitie ]%e{?ﬁcles with
void fraction AS a result, to allow [arge spéecies to
the pdlymoer fiher maggfix.t he col um, it is necessary to use |arge
particles that in turn increase the diffusion
r €xies peefareed§ fabriaatoor pietlayd intle divectr edemderikgrof already prepared

nonwoven fabrics that could be either meltblown or spunbonded. In one embodiment, the

D,

nonwoven fabrics is spread uniformly with particles that are delivered at a fixed mass rate by
direct calendaring so that the membrane is covered with a given mass of particles per unit
area. Once the particles are spread, a second membrane is placed over the first to make a
sandwich and the combination is passed througil a calendering roll with a pattern that is able

to bond the two membranes together at low temperature and pressure. Particle densities on
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exanple, to allowred blood cells to flow through the
columm, around 65 mdianeter particles are necessary
wa mopuvsde 14 m pore dianeter in the interparrdU£005/020036
space if the bed porosity is about 0.4. 4. Resin
t r r 0
the sirBRE SENR! B AR BN ARAT O SBob 0 oy e RS ARE Bl of e
membrimesuged farthistdgvice hlloway krgeBientittesrsnnivas; gor é)@htple‘,sred:b]nod cells to

h a controlled pean pore dianmeter,.it is
pass Guh et belr AR Rda6r 6 108y Therrarisiesinbe iembrane are
attacHeH §o04) ?i%mﬁ?ﬂ?a‘t'fgﬁﬁta@é%%ﬁdm@" dfhinB ﬂah%:lesf tP B et HYEh I GukR as, for
he nonwoven fabrics. These inpregnated nonwoven
examplabpmcuspromtmhfeom@eblpvd eellconcentiateodndplgsna. For exanpl e,
dry particles can be hydroentangl ed between two
pr’l"dneioqnamltiyn fod rt]mecblemiemng @rocessbusuely req&lireeaﬂmgh teeipprature for the
b articles c e .introduce V\,hi')le R bers a
ondife b B tiss e PR e tHBPERG 5D CIQY P Bl SmpErange of the
particRls38d ae§s5ﬁdz |a§fe&tcth@19 bé&thfinéeE Shlbnk fdbb8inSht W‘S&'gleneoﬂ’&hser particles
usi ng l'ayi ng processes. |n one enbodi nent,
mlghtpmnlaqcﬂéast\mee themponaxpryan exenbranss by haﬂnoeatayglemontrred
fi bers by hydroentangl ement and there would be no nelt
bd"rhdidngsityf andhweiphir afith¢ eenwovieh fabirfrecanahlyenen afV\'ridhserange of values to

R TR Y T GG TRE A T NERIT I

ParticlOtdidemeatdint BEhppFBkintat<yB0 95 wIRUWAR BRIRP regh@te@ nﬁo the fabrics. All
enbodi nent , the nonwoven fabrics is ;Frea uni for n

commgn; prefars iof Ineaking aenvspvendfabricregasdbaused forythis mg@hmat igcluding
thbric\l;s’mx?liltq}g Ig!’vg %ff&@hteggl%]gp %bg’r? o *l@én tap %o @{}F&e%nﬁbéé v%&l\é g{'c? qlfferent

iven cles ar ea

polynidie [B?a“c‘auSEl of tids Gﬂesﬂjil&&,d both Wé@@xﬁtﬁ dreiésigsnean be impecspilated. If
over the first to make andwi ch. and t he conbj nati on

necespary nehopped fRFSUGH be embeiidad ARtRcthe dplimiceta frciitpsthe capture of the
partlciégaihﬂe%tlﬁkﬁlll‘émﬂgoﬂm Bk BEHE Wee ﬁﬁ’@&% Qget her at

OW enperature and pressure. Par nSItI e€s on

oA 238 L ORI v

s1ngleTﬁbernbatas Swozmd (afounklea spimdiboarnds Tﬁhe dhdppllng Bi azhidesd mP.chamcally

h d blo
using JpiafeE bladed 36 i s %ﬁff@i’q%c%l? b CChSpred Qibsts $ bemags from a
Varlet?r&ﬁnpéllg)mghc P 8arbas Hib&l BSidg tdnge HFHQE&EE%S #bm vé%fsﬁ‘ﬁnﬂéss than

hat facilitates brnding of the icles
abouttloumpitogargedy éﬁﬂ $tm)u dh ong embatimenty amifec hg;mdmre shemisially grafted

cell goncentra
or colsbEBh e iR AR R s ARG T 4 sPeE St BerdBRiauelY Sz np cChopped
fibersaahitigh Beedipeibated fover Eingle@ayep on domgoh fhbiec (HNMRYS/Méhe or other
but the tenperature is kept below the nelting
polymeghiyith atPeFeesiag andyiaber giameten suableép allave lasgy eraﬁue& g¢ch as red blood

cells, E)J‘aﬁdts:é gf}g@%g‘a{kﬁ%rm{eb@a AnfpRedipgnt . larger or denser

Chopped fibers can be delivered to the membrane at a prescribed rate to ensure
uniformity in the distribution of fibers. Once chopped fibers are on the surface, a second
layer of nonwoven fabric can be placed on top of the chopped fibers and the combination can
be passed through a calender to bond the two nonwoven layers. In one embodiment, a porous
matrix membrane or chopped fibers are functionalized with a ligand and is placed within

another membrane, by for example air lay technology. In another embodiment, the ligands
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m ght be placed between the nonwoven nenbranes by

hydr oent angl enent. The density and wei ght of the
woodees f abri c can take on a wide range of VvEITES200%8020036

ensure a high particle density on the fabric while

i nt.aini t desi.red re di pensions. ri.icle
are acfBEelt @ ool fhudilRasS SiisF iRt BN G tRer TRE S cin be chopped
to mak&BhA0SpnRehtd thatouliEbd RiMilyGiitegitdd betRBIDIWIMEMBAGeDT
maki ng nonwoven fabrics can be used for this

prsoced,ermct Mddifiden fabrics with two different
pol ynmer fibers a&s well as co-extruded fibers with two

digfi§erifdthded® WithifE e s@@%ﬁa%?ethefpﬂéggn? hiv&tioRl biet YurfRet Modified
wet and dry resins can be inpregnated. If necessary,

nonweyesppevbvien fahrics  SMNs andrbathge anadafiiesl paraclesithat are fanctionalized on

facili.tate.the, capture of. the .particles while.still. .. .
one g o G GG R sPHeceR R Eiry i i o petictionalization i
achie¥ddopPLHlitidDef Snedbrembfeuhdtive| @&$psttb asutfade bNEHR JoBRG, matrix (e.g.,

and they are prepared by cutting a single fiber that )
woveR r pemwevesrfabres).apastisleierebath. ThE reactive geqvppipterasts with and binds

e ol SUEE, TR ) Bl bR i

chemicalp physical ad/eit biofogiual interadtionor car bon fi ber having-a

range of dianeters fromvery snmall (less than about 1

Min bk érfb&Emert, Hpdidus thiriR e paRiethseR bbth &P eGifideGnodified with

ligands are chemcally grafted or_ coated on the fiber
a fungtignal HespuR Kwapahleof fosming: atvpleRychemisel bepd oxithre target agent.
Functéng] LBl y<ERIRAGH 1l SESCo B PER RIS 1t IR HNEN 1o one
or mayt o€ rthe fdloywieg prowipsheppxpofoemsl, 2zeespln tydiokgsucdinanidt essters, among

suiLtable to allowl.arge entities such as red blood . .
otherg, _e4>1 r gﬁoapi)a%e@ltwlaaéﬁe tHee ﬂé%rlmﬁf‘émea inBudfinbPiofrg not limited to,
one 08 nfd28 Jof th'ANRRANS ighRIpS, GMINRCaE! dusRirRfly tabhih&¥ carboxylic groups,

. nenbrane at a prescribed rate to ensure” uniformty in

primarte aginssy i pyanoon cpflofaxybr soctybncandhopipderyl i igeoupsar exicane, N-
kP SHEARE Py SR, G0NE, BReBBNHEB AR e Camines,
carbogylith gfoaips, 0dyeC digand) eaffifisys digahid) r Aitighn-antbddsn dRtleicoadid ndolecules,

the two nonwoven | ayers. | n one enbodinent, a porous .
groupsder ioR exghangsrelatiopexdriipniregyction geactions, sterig sxriusien reactions,

st Ratidris I fraBREbik SreRURRE rlfeisBi Phasa !

catayfs! Rl foponil Fref REgy i LS ool AL SAPRAES  nomally
encouafepatlinrohrimatogrephic gepadsions.16 WO 2005/ 123952

PCT/ US2005/ 020036 are attached to a polyner that is

s Tte danetiohhlygroup, rforl examplé digandsj hercherhiealllyidogjugated tdehe support

h Kk [ h | il
or cay b B BBRTRHCR S RO eta Sanine ghyciags golymers Containing

ild0dtihé C 3 drP EhATnS AydrdedrboiRd oM hdi - EERPE, Yol
glyclpreslen’t I nvent | onyal?e gﬁr&f ggﬁéhﬂotgfx??lgd n%n\’/\g;\?e% groe glycol,
epsiloncwreno tapiyoicasid, Shdbinkeas corspnising e O6CHb)hj wlenedrn iscl-3@¢ If desired,

.th are fuypctipnalized on o r re internal .
the liggigsy Farghe IRt B ey orhl GpisabFoablyy GG o 5. photolabile
or acfdunRGilé MMsikticsalehalinkSthe selective detachment of a population of ligands for

analysis. Detached ligands can be used, for example, as affinity purification media for

proteins and enantiomeric separation (e.g., to concentrate, isolate, detect, characterize,
quantify, or identify targets in a sample), as diagnostic therapeutic tools, catalysts and

enhancers of chemical reactions, and as selective stabilizers of proteins.
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achi eved by addition of one or nore reactive groups to
a surface of the porous matrix (e.g., woven or
woendaese f abrics), particles or both. The reaptT/us2005/020036
group interacts with and binds the target agent. The
[ C h Ve ar
xté (r??t @ énllt%zlng%gtm%%ﬂw veq-h ;nsee?igog@ ag§ oclrégtgag\gg# hagfl'uélg)f %%g.nds as a
functlbnalgr@qi; waich dffinioy Egamib mdvdrqmtlﬁctalﬁmlxt}oﬁoa pomedr their sttfsce. The
s Qr both are surface nmpdified with_ .a
examplg rﬂfta(r%}éﬁé)i higands inclugeanp @rigrary gminenyith ackydaprhilic spacer containing
1 p B8 on tHe r
polyc{RAL ol [T iGulgbaFbe PACH on IIEHAERbARE (57 PiiRo reated
polypeopylemetfram Macepharma) dueugh)q:hermcaé godftinger bylal latek mglulsion coating
u epoxy, fornyl, tresyl, hydroxysuccinim de
meth(gig@g&gh )armng ot hers. O her groups useful within the
scope of the invention include, but are not limted
ore- or Pryrergatiome/ Lgandugmboms farixsul £ oni c

a quatern ry amnes, carboxylic gro pri mary
%Pij@senze%(he "&‘V’é’ﬂ@ﬁ%??la PB@P§|mat%dnfé%£l§8%@91>Xy groups on the
surfa&rcffL{H«,ss'e AAHEAN S hidY inBEH ?38}!1&&&@& LR ACarREh Rl ‘of the ligand to the
fonyl estefs, imdazo car bamat e, quaternary
surfacgnofn e, matrixe ﬂmqnlel e:mlgcrcbmpm, ymnbmganluiplsamf isnappjied onto cotton,

polypbqp%ffxag polye nt gen ani%ﬁ%g}iésc%gf q%dgmg S8 %orlltmuous process that

is us@K il Ahd Qi GratRlstrP Fof RBSrig, Qﬂ&hchﬁfgerah@ D46 Df OMbric.  Additional
reactions, catalysis reactions, dr ophobi c

informatigns o paddingvie feendyirmske Cslraesst hb webisiteomvwiyedtrnfiper.com,

1ncor1$t>3%t8#J Iﬁérgg %1: ﬂe?er&tbre 'ﬁh&’ gg‘ﬁppéncelreﬁ %Bﬁ%ﬁg og ? getcc% Q%legg? f())}lers used

to impI@gljlaﬂ@ atfetshd @nth haehcpud) rbgrdonnmtous Ep@sdage af fmlhetﬁrdugh the liquid and
I [ nker&l§ ch as streptavidin, beta al anine yci ne,

TEOFE &P §AVRFZC QMY EXGPes sQptions, Itsig cnoﬁs@ﬁgp pise a single-dip,
smglehly Br ﬁé&%fxﬁofé%hﬂﬁué hehgdidiuba o1 ( Bidoving R%ﬁ%khﬁl(ﬁﬂ@ AND OTHER

epsi | on am no caproic acid, and |inkers
PROPEMIﬁSrB‘sngLsmm( @ERYMERMATIONT WITH (G YCHB0. METHAGRNUAGH, American

t | igand(s ached b ne or
Dyesty hegpBpt apil Aonrh (f Figpeinsomorifed Bisel 5y gsTigieeg) have applied
glycidi¢ intetharBylhte (OMA) efSilsicizabl ddﬂl@ntﬁ&mﬁﬁilﬁ@ﬁah&ﬁng techniques. After
detachnment of a popul ation of |igands for analysis.
paddipgt the gEees Wpierdis vaporgied andgthe fralyraseizatiow is a@maz foufjat plevated
[ e r
tempeilich Tk APLTESE finfls P AP SR 1 HARE T o from about 1 o
aboutdb% aaherel z€he pojymetizdtion can alsddetcafriedtomt gehenwovea webs of PET,
sanpl e), as di agnos th rapeutic tools, catal ysts
PP’aﬁﬁ%PhgkﬁﬁﬂE@ﬂ§” Fzﬁh>ﬁ9 reactions, and as sel ective
stabilizers of proteins. -17 VO 2005/ 123952
PCT/USQ@bS/éZ@Eé@mﬂHng@ Fahriedi ment, nonwoven
nenbranes are coated with affinity Iggands as

Latericapbsionsy a5e syntipsiead B ponyention eryaksies mée%@en fin water to
make %Eﬂ{all ﬁia}%lf{sq{f the HQ&%dﬁ% jgﬁ@' rVacfH)rug §8ﬁbl J}l% freee?(ﬁﬁnglemﬂ ators and

ands 1 nc
non- ahrpdrccqnﬁlakuommafaeuants ccaﬁ hé nsaalgo cmatwthe hi;()lulslt&lsg iy ond embodiment,

The, | d I
the lateé eénuls%[ps:xg ﬁlﬁgtga é’zt caporous Fr)na(ilr?xe gy d&lng as escn e(f above on either

single fibers or nonwoven webs of PP, PET, and other polymers. An example of this type of

approach is provided by De Boos and Jedlinek, APPLICATION OF EPOXY FUNCTIONAL
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pol ypr opyl ene from Macopharma) through chem ca
grafting or by a | atex enmul sion coating nethod
w@padd2ieg) . 5.1. Pol ynerization of Ligands on ROI/O8®05/020036
Matri x Pol ynmerization of nonomers on a porous matrix
I f e

POLYAé]{JLRggS%%MEIBW? FELHPS, O 4 Lflﬁ? 3 szci‘ fioh! Aﬁ‘?&i 311-235 (1982),
incorpiratad herein byofefdréreel i gand to the surf ace of t he

matri x. In one enbodi nent, a nononer enulsion is

appl i eds&Rbds sfUseon, pol ypropyl ene, pol yester, and

nylon fabrics by padding. Padding is a continuous

prrth@ edthdd’akits arfll dksRdés ioff thdidvéithi dre ubdFalliatd Yarfe®¥ of applications

yi ng, bleachlng, and coating_of fabric. Additiona
mcludlﬂs mqgawt@n disgnostigdfietection, puikieation, %eméra@@n,a?re%smg@f expressed
Petcly

in vzt)?ﬁe n§ 1per lucts, ¢ d‘g@gg{iﬁ%ﬁll nﬁ gdgﬁg of Ibﬂ) f&(};selﬁﬁ ﬂ}ventlon is
apphc&hlfbete aﬂy de\hbcethat 1ls| gemmdnly availaklg Ifatt membfaab operativish fram flat plate,

SP“all‘Y‘g’r&‘F’d”S &n <t Ous%@aag%a ei(i%g1 %Lfrbt%ﬂ%@éﬁw@ the device

|
by angiéﬁlgn?fg)nﬁiﬁéi)a&% afg%lln r%atvtl h@gﬁlgg k&eglabdg?%ﬁx?é}? pZésréglleQirgf) Bnd flow rate

desiredMPROVI NG COTTON DYEI NG AND OTHER PROPERTI ES BY
EMULSI ON POLYMERI ZATI ON W TH GLYCI DYL METHACRYLATE,
Afibe | maificatiyre atdifektriejoar teeliniquisrofl the 26védtioa 1884) advantages over

ncorpor.ated herein b en ave. a
conveg G B EOR AL IS Y IF SPEE o ECHaRD fipiseiuproving
yields) fcRGsR@ PaHRY ahEERESTHBE llnﬁ{ahgﬁs aREdated YithithE tr8N 683 methods.
water is evaporated and the polynerization is carried

OYihe a&e\?é EV@}{ 8 inlVERRAT afe ﬁf‘%’xl E%l@@?é}!abl%f oP %%%z{fgﬁng minute
on the fiber surface I's 1 n the range o rom abo 1
amounts ofapthOgeh@%Qm arsarepleThén poé yemshvadiaentpo thec deviedssof ke present

carr n non ve bs of PET, tc. Wt sc, re
invenfig, ate e diyr B EmOrS ot naliaR s suchipridrsiinufis A1, heps pep,
virused Hagtfih Candl adEns Qf&hll SWRﬂé B16&d,Syddt BRDUZ 8811 Rbncentrates, platelets

convention enul si on pol yner i zat'i on, in water to mak e

concegirates, Masma, Plasmagierivhdvese lukeeytgso ﬂcgnlfﬁdeplt\t@d plogd, mammalian cell
ol i r [
cuttug RS e LRCLhRr hilif LA HE orBARGBH A etivery of
blophenmdceutmais andrthe peparationl bfl’thta,peutidse M\ﬁtlpbe patholgensddah beSeparated
oated, on the ous mat addi ng .as descri bed
from e Spmple cncpmishatly smgqaeld ¥ @éﬁ{e 15653 R anesrebwvetionsrom any
strean Gl » th@'}#as%ahﬁfocps@in\énﬁfdﬁstfﬁ"ﬁnﬁé@ﬁpltlf‘e glfodh@ﬁcﬁ) by Qﬁ‘eré}geutlc and/or
appr oach rovi ded Boos and Jedl 1 nek
pharnmamo@laﬁmdmtt@ EPOXY FUNCTI ONAL -18 WO 2005/ 123952
PCT/ US2005/ 020036 POLYACRYLATE EMULSI ON TO TEXTI LES,

J In pharticolm)| the Sxithddseamd dewieeL pf thidlrire2B6 irfvEABAEY pptimize the protein

ncorporated herein by reference. 6. ©Metho
punficatlon rocess ancj1 1mprove Mw manufacturing process otd %1omemaceut1cals by

increasing efficiency and purity. Biopharmaceuticals are drugs that are proteins, peptides or
other complex polynucleotides or protein based macromolecules (collectively "gene
products"). Their manufacturing process involves the recovery of the desired gene product
from its host biomass, such as plasma or other human and non-human biological sources
(e.g., recombinant or non-recombinant cell cultures, milk of transgenic animals or

recombinant or non-recombinant plant extracts). Separating commercially viable yields of the

-19-



The nethods, kits and devices of the invention are
useful in a variety of applications including
w@emgnzosi ¢, di agnostic, detection,. purificatPOnUsS2005/020036
separation, processing of expressed in vitro gene
. Rroduct nd.producti an,and delive .
desiefl BT moof [ ROEREY 5 ARG ikt Bl ponsafp onignied host
proteifig) iucleie a2t ibRtulesabstherHayuraVspbd caktlirgy dhemidat elmitbsze
operations, fromflat plate, spiral wound or even
hetdtélw debi@tior ahd fPubleiatdRy pro8sssed pRYeramidiR Eader®d due to the
. through the device by any conmmon neans, fromgravity
variety wf jureigins, deepditereny roture 1od poseblsueantaminpnts mad fimpnrities, eand the
" Lf i gn ang_extracti-on .t echni f .
uantp 3 el 16 Rl B3, B, B6dhe " SRRy R R Sechhologics
genergllyr irfvobat 4 Qeridsesth purifitasion Byeps e dWithngich hstep) Uhb gielddecreases and
urificatiqn steps, inmproving vyields, increasing
manugaﬁurlpg CO8{S dNEFGRsEC oRFOIFAN FEnRration; BidsPulkfication cedls RIgAlyHepresent

over %Wﬁfﬁlk?&éi'mﬁﬂfm TRg devices of the invention are

hi ghly sensitive cargacbl e of separating mnute anounts

(0] 1 I}

Ok BRSSP SRy o 8RR TR s WIS ey petorn
two sineanédus @pefasivho dgitistionlshwvelbaadsompsion N Eh thisn gmBodenent, the fabric

PrPs' Prp.es, . .viruses, bacteria %nd toxi.ns fromwhole
pore izertsredyesd swfadentyelo rejesh lasng patigulatepmaterpkyhile at the same time

intSRReeNpéR PR | h LV f & i i

mamtI eg%odfépl eSt ed egezlg,ﬁg ngnﬂg{y? g%%ééeel ihgﬁlg%ngiree%% 1h§§he desired
moleciuber Elns d¢choolopy ethisvearsinultdneousiBltiiation sed adsorptidmesteps in a single

. _product.i on and, del ixery o bi gphar maceuti cal s and t he
deviel 38 181G R eorae ARty elloWeR e ARTBNE iR Biaria)geraphy.
For exe@i}dé, dhedevides @MtelfventioR Infake poRsiblead blsori Bdedirddi o lat undesired

by the devices of the present invention from any
mOlec;‘}{erSéaﬁﬁqdﬁxffﬁ‘éelblaélé’rﬁfeﬁﬂbﬁ@@sﬂ eHituraediupy ai ned at t he

production of therapeutic and/or pharmaceuti cal

piodoether. embodiment, dbd deviceshef thet inwerdioanate dsed eesingflternative to

th resent invention optim.ze.the. praotein .
columg? FodEEERYs I SR L8PS ISPE Lo ehBO Ry iustry, Thepe techmiaues
utilizedr Bioeleeiniodl HhRpRaoRBCaIthi G| SfAY exhmplegasdmexchange, chelation,

.. efficiency and purity. Biopharmaceutical s are drugs

ox1da@qu{edgqtpnpfea@téqqqs ’stegg.‘pgrpcdg%orb rcatalysise rhyé{gpbpl@g interaction, reverse

p n t] of; tei r .
phascl gk ENRD  pfiRy Clighlel BlRRARELAThE TBNEE hitfactions. nomally
encoupteozias chiomand grephit iel/oreatherseparatiorn teechrdesisr ed gene

product fromits host biomass, such as plasma or

ot her WKuman Tasrdison- human bi ol ogi cal sources (e.g.,

reconbi nant or non-reconbi nant cell cultures, mlk of

t AAgS @REUNEpaBsEdTRithirD Ithe I'seSpTiolf BT in@éntivan afee e3MKiRafdr sample

..plant extracts). Separating commercially viable yields
purifigation Ry separafion9fserge!agons fronpe syupisos5/ 020036  desi red

protein froma biomass is challenging since the latter
c 6amplaie teghkitneastnim selutionsrandleises faudarggtcseparation and purification

of biog%iﬁf i%é@ﬁle?.n %09%!25{11,1@,3{119 rtggt IkYt St 5 @8, %l?, 'Hrcl%l% well plate for
high throughput sample purification, and/or solutions for attachment of ligands to the
particles within the device of the invention in order to customize individual proteins,

antibodies, and solutions required for protein separations in a plate format.

Generally, the test kits of the invention contain one or more of the following: (1) one

or more containers containing the devices as described herein; (2) instructions for practicing
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Protein separation and purification processes present
uni que chal l enges due to the variety of proteins, the
walpdoSarint nature of possi bl e contam nants andPCT/US2005/020036
inmpurities, and the quantity of product to separate
| 0 ' :
the meh B0 deRHBER Hofhin, TUE00n HOR onff col Rl b @F BB fferals.
The deamhs slbmm,bed heersin edrel paekaged stosinalnde maryuffandtuali g the necessary

sts i ncrease. Protein se and ur|f cation
compaBBISIor PRTEaITG B RLlAn T GO grveBiien  SoapRamble, test kits
mcludéﬁﬁé‘fd@ﬁtzé‘ CORMFinHRSthe - okéhsafﬁﬁ}lta%d%mﬂz@ésmﬁrﬁddltfdﬁeto one or more of
devi ces of the i nvent ion are designed so that they
the, bp@:rs,omgentswgh@nmu aganteolusctigrelizationrsagehis) enzyesdetestion agents,
thls enbodi nent, the fabric

d
contr%aéerg?szgr ﬁ%erlﬁ(gld%g%%g LhFPi ci ent | y to reject large

rfqlf“gllélm 1@%&%%‘ V\@ g‘f"g‘t@ Lo SaH’[%oft“ﬁ?tF(BW ERups, B separate

contaifibrs! 41 tha mcﬁoﬁzﬂ@r&iﬂ%'\ﬂﬁlld haveds ok raﬁgcheﬂ% ﬁfé%a%cl%hinﬁ/or porous
t echnol ogy achi eves simul taneous filtration and

matrixagsor fst p@fprguwgnuansaat sAthh@tlve&be\Ih@ devingl maefribeapl@snded in the kit

w1thogth$;§%tg(?n§5 grolbltﬁg aitn ?h gasg%'egor%%{% %%{'t}s‘{:‘leegf of ﬁ(gpl are preferably

pre-funbfy&ializedd) nmake it possible to adsorb a desired or an
undesired nolecule secreted extracellularly directly

f e @viced bEfR REAtA cdNb@ B bhedefrdA0sEEBAY shdPRE Preferably the
devi ces of the invention are used as an alternative to

devicg i aghestike materdal pyhicls forpxamplet isdnrf disleor isiiip fpem.  Other items
Ei . 7 Rl
it FERRRLRR: bIFHE Yoo KU SERSETLHHER sl s coveres,

“and centaifangeCoating|thé pordus nearixl pmnéreg Ghitht moflolagsrahateridls or thicker
stearic exclu5|on catal ysi s, hydrophobic interaction,
materjals, pyoyled pt%lé’@smﬂ)‘f@sﬁl 1@5% ofapqu)ﬁ)ie{syoq p(@\éﬁl@tly bonding functional

molec@l¥s| e AEHRIDY RO Ho Erat gg' Hat )Nne gﬁg&:feg’ relﬁo QY t}fmzatlon of both

encountered 1 n chro grap I C er separati on
chromasaghaphgusedectivity MSepKraltlsnAffwmmonpassed wi thin the

scope of the invention are test kits for sanple

p Detekctiomtcam rbeb&cisl;lmai ay icouplirfg thermebusamatiixs p‘artmiast be both to a

sanpl e. lefe t Ki scontal qutlonsa . .
detectalg, g6 fc%lafeﬁ B, R ysly (HT a2k Peibmised, to various

enzyn@sotlgﬁg;ﬂféﬁt: @%U@J efﬁlorgs‘éénte?ﬁﬂﬁﬂbﬁ lﬁrﬂﬁeic%ﬁlt ni‘a'téna@so rHl@l'uﬁﬁnescent
384 536 wel late for high throughput

mater@émpﬁdeoapuw mats:axtalsod;l§pfa yss, gobd partidas, of ercombimnatibnthereof.
of ligands to the particles within the device of the
invention in order to cEXAMPEESI ndi vi dual proteins,
anti bodi es, and solutions required for protein
sépailabé onderstnodibploat ef foedinaty .skibeirethalrelgyartt hagtsttbattother suitable

.Kits of the inventign co ne or of the . .
modityafipus, pishadapiaogn a0 T MEDPGS B KRS el rgeip pee readily
appar&If YionE the W s@R%ioh 0P &t 1H§‘én%bﬂ coftdihed RASLMUG Vi 8f fn®drmation known

practicing -20 WO 2005/123952 PCT/ US2005/ 020036
to the ordinarily skilled artisan, and may be made without departing from the scope of the
invention or any embodiment thereof. Having now described the present invention in detail,
the same will be more clearly understood by reference to the following examples, which are

included herewith for purposes of illustration only and are not intended to be limiting of the

invention.
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the net hods descri bed herein; (3) one or nore assay
conponent; and (4) packaging materials. The devices
walzwen2dosxl herein are packaged to include manyP@T/Usmbs/020036
all of the necessary conponents for performng the
I atdl h i ' or exanple, test
ExanfiPE *ShAGTRLRER) RophiFed YERN Rl cxarmle, test
a riic [ e .

D SHHBRLbES nbuB0e bl 18 BRGAClITRERY Wnen dtargey gpecies o
be adsoebegieis It ge, and Y18 inable i@ pénediateafie poes of therksind. In this instance, the
materials, or the |lLike, anpng qthers. |n one .
surfacg,pf dhe ARsss compresing thealeaww%hfgbngf wag prodified tp gffect the adsorption of

the tfrbiCideR3a! TH i RRbRes G0N RLRBES, i
© %g‘ﬂc%%egﬁal g% g‘&g@p&gﬁ% have te% e att agﬁ’egﬁ?gp }H}Sc’ or affinity
interaptaortsiot laey othed ¢c@nmpo radsoxptioreprocessgs: [fA3MNd's psed without gheaparticles,

assay. Alternatively,.the .device b rovi ded in
the sqiFE R POl IR HRNRE i, PR SRS To7 AaIHt S Cuntifgd by the
porosRP 6O B dnd thd@akdefer 8the@belkOt h are preferably

pre-functionalized. The devices of the invention can

e of any desired size and shape. Preferably the
a,=gelli-€k is a sheet-like material which, for exanple, @)s

M a disk or strip form Oher itenms which may be

provi ded as_tpart of the test kit include solid surface
Whereipg), isghe spegifisesurfaee areg penunstsvolurae af sobidt diisthediberdiamietey, and ¢
isthe'irr&@fpa%{i?x%'.s matrix or particles wth nonolayer _

materials or thicker materials provided by in-situ

cross Jd.i nking, of polyners .or cova | v bondi ng .

r SHEE e anirs afPelSrE i e8P0 iy Bk ioprs qyailable, and
porositRb hbmdAly Rt tHel iafgedt @US- 0. heveppldrpd aatdcoAredt chPbdachieved in

chr omat ographi ¢ selectivity and separation_efficiency.

these deyieast iFon examplpewith aifiber diemgteppf 84 up, theurfiaee grep persunit volume
At ri [ ~Of both to a detectable agent.
of fabgg‘a{gpqﬂegé’@{ f %{rc?e? of

etectabl e agents include, but are not

_Jimted s to variqus enzynes, prosthetic groups, _
av_jf’ﬁlﬂqd?’ %eﬁ?o'ﬁsdcg’ri al's, |um nescent materials, €)
bi ol um nescent materi al a@lhr adi oacti ve materi al s,

dil8sesomparss auiite fayquably wifhcthg surfase asea prginHaolyRe of many porous

L T

contrailed tindependemtlyli the patd sines candreaahagsiveral migonoint diemetet. hddshniques
an l.ications described herein are readil ..

such §leRRERE a0 Rel® 53 BlaRE e Ghlefiorliafpiing in much larger

areaspmrﬂ@d herein in view of infornmation known to the
ordinarily skilled artisan, and may be made w t hout

deparsuifack hb@fchigh haCRBiliefed BRding BY 8 MrbQ&Molht 8Me device and is
enbodi nent thereof. Having now descri bed the present

compitihle rwitlorth¢ rehamistiyl of théespecifie marpus imatnigss eusstlebr the device is

under,st.ood by reference tq.the f.ol | ow. exanpl es,
enconfpi o] WA O scofe o TRCPLGIioR Pt PRY LERIoREIuGES, for example,
the forthitsdn adfi OdhafiRldy spBélesir eheOdttdchinemdest tagfimiey | lipards,NOpeptides,
of the invention. -21 ) .
oligonucleotides, proteins, spacer arms, hydrophobic moieties, fluorinated materials, among

others.

Since the surface of the fibers in nonwoven fabrics tend to be smooth, these surfaces
present a preferred configuration for the exposure of affinity ligands to a particular large

species such as prion proteins, a virus or a bacterium.
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WD 2005/ 123952 PCT/ US2005/ 020036 Exanple 1: Surface
Modi fi ed Nonwoven Fabrics (SMNs) Surface nodified
woendaese f abrics are specifically useful whenP€@h®S2005/020036
target species to be adsorbed is large, and it is
u | e th f nthis
ExanffE e, - DV g FubLPor PR ot BT RMwalg {ne
n % ri difje e or .
?frll‘ V%)he)&fx{a)r td gagenlf 4 é g’&ésg?‘giu or81f s%lps‘? %é/ fiﬁ%r&ﬁ device

configupaticas Wﬁiﬁgﬁ/,e eh&@ge@ph@bms;mlssiblaﬁﬁdn@ifbun en@bﬁalapdthpﬁﬁecuvny by
or any other commobn adsorpti on processes. If SMNis
allowu@e%ﬁsml% (@ nepwopistSuppess of yagious geometien Endpgsnoysinfectivity

from Ye B 11 (TRE&Hafs iRV dsaht fenfdVa) 6 'fiH'u:{'f’rlis scrapie form of the
o U R el ehe N

cont porosity o rirc and
prion cpratelt) eor BfP’et‘ hizesfstdne rferm af the cpr(oh— pm)el(l)z Bt al towhesomacentration of

t c.surfac
approgittly 2P NERE nin § PBE HOHEP coF Shereairee el cyiging 350 mi
there Wa@ﬁ*{ét&lrbf 7= mé%oéf Ber Gliandhes ﬁloﬁawmif%rétantceasra%&aﬁce with a
rimto m are avail able, and porosities

monomphaf donsiy of anpmhenatdmé’emefm thee tota) sBrfaceegrga Feguised for binding

e these devices. For
all of I1|;§f>%enous ?ﬁ’ ccolgr ath sEixétﬁ;jfollla?)vso 1 m the surface
area per unit vol une of fabrl c would be on the order

of¥103g =2% 1) = },#B =20n2l cnB (3) This conpares quit gy
xmwégahiy mnth the surface area per unit vol ume of

many porous chromat ographi c supports. However, since
Whertine! 3elgntopd aeealolf ey déiviveet er of the fabric can be
control |l ed independently, the pore sizes can reach

SMElt M eRHE MRS the di@iiBhSbove QRE ROAIUKRfacs ldFé"re@ﬁued for binding -
el ectrospinning are able to produce even smal

prlonszllsarnbtlwls smal snf mpmnmndai@&:wvclal dexice eﬁoeap;f,rlqseﬂmtablle domexposing
em)d atlonthat facilitates binding of a
aﬁhu€Qﬁ85# 3@ ?XFB 3“88““t¥ and is conpatible with the
em s rﬁ of .the specific porous matrices used in the
i ceSalareshett§hassed within the scope of the

iy 50 PSP B A ORI s

exposeatd he blood i AR R eistal seetd sies glveﬁ’b%gor‘UC' eoti des,
proteins, spacer arns, hydrophobic noieties,

oyl yerigrafed materials, among others. Since the )
surface of the fibers in nonwoven fabrics tend to be

Whergi??\?fs%e L6 o ? glﬁée?% GnRd LRS ﬁé%ﬁgﬂ?w‘?(;tﬁfoﬁ bl @%:e s}gae%j In the case of

uration € exposure 0
10 sheetp@y¥ #lloyltlmrehairgjemchlpeﬁeaeh shaet voakl hgr i on pr ot ei ns, a
I L US 25 a bacterium
.2cm 6

= 004bm>=
A device of this type consists of a staggered array of sheets with the fluid flowing in

the tortuous path between sheets, as demonstrated in Figure 2.

B. Coated Fibers

A set of N nonwoven fibers coated with affinity ligands on the outside have a total

surface are given by,

N27RL =3.5x107m?

s ™
NRL=5.57x10"m
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-22 WD 2005/ 123952 PCT/ US2005/ 020036 Exanple 2:

Devi ce Configuration For Prion Protein (PrP) Renoval
warbios/1eesarpl e denonstrates the possibility of BEBUSEDFIER0036

di fferent device configurations to renpve endogenous

Wher&?x%‘?%eséhgxls%fﬁ?ggxg' f orm encephal opat hy i nfecti vi ty by

Sor I'On to non-porous surfaces of various

geonet g, F%xatnﬁfl? JHE A i O ﬁﬁr’s b Ldiud {h"ﬂlh?grg&’le gﬁ& 5 cm would

cell conceén 'NVOrves e renova

PbESO (scrapi e form of the prion protein) or PrP eS

(resistant formof the prion protein) at a total
N=20@80entration of approximately 200 ng/m . In a bag(®f

red bl ood cell concentrate (rbcc) containing 350 m,

The vblugiefofWidse fibkBtvidul®@be,7x 10-5 g of PrP. Gven that a
nonol ayer of protein coats a surface with a nonol ayer

of density of apphQyi mately 2 ng/n2, the total surface
Vv, Nﬂ@d?&déﬁﬂbdﬂ?or—w@ﬁwmbll of the endogenous Pr 9)
|n rbcc is estimaf’ed as follows. A _ 7x10-Sg =

2 ) x10 39/ n@ Wierein Ais the total area
ha%'&“ﬁisof

Wher%lfl i s evident from t he equation

ohe oi‘i’gs Gy ?41&5%’ &Eﬁ‘%&nf‘ébf?ﬁée Ecisnime ke Sheure relatively

small dﬁlﬂﬁcﬁﬁis gﬁﬁﬁm}f d@stoSthk tvap) §ndlp ﬁb@lx@i@ﬁx'efég thzsﬁlfgfa{/d.n rik¥'to a very high
i gands at the correct surface density oguare

Surfacgwe@m,ermgefphme Nngadeirte aﬂﬂwa@eﬁﬂowwfmé blootl gells through such a

v t t
R
voluni®. &Xtha-dewice (vojuld Bhabeghly Pt\lvics thé ﬁbaum»lomwfr G hAaL sThland a very

s the .l en th/vmdth of asgﬁares t he case

small gpluimgs e caing flsy a devige frqhisituee e fossdohnetida be large
to me¥fOHk daRity Leqmrgmgﬂtg MESr Exatple, (b n@ﬁ‘b‘f@ecn?fadhﬁ' v?oJla Bgly have

consi sts of ‘a staggered array of sheets wth
to be dppookimgteln0.13 hmm t}mkﬁgugo‘pd@ thipheslwmen Oslh@ens),re dmets of fibers can

e t re 2..B. Coated Fibers A set of N
becoﬂ%cﬂ\?@sgﬁa Ségagds &Sd’uéﬂeh affinity ligands on the

out si de have a total surface are given by, N2)rRL =

Gy 10Ps \ifsn

Small non-porous particles also exhibit a very high surface area per unit volume.

The number and volume of the particles required to have the surface area stated above

was computed in a manner similar to that used in the case of cylindrical structures,

3.5x1072m?

N= 5

Vs=i R*N
3

Wherein, Vs is the volume of a particle.

Given particles of radius 10 pum, the numbers and volume of particles given by

equation 5 are,

N =2.79x10’

11
V,=1.17x107m’ =0.117ml (b
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Wherein Ris the radius of a fiber. For exanple, the
wmeoobaee3osf fibers of radius of 5 pm and | engt hpGI/U82005/020036

would be, N = 22,280 (8) The volune of these fibers

%g i n\élllov?/s al 5@ % t:en§e'l 41?153219 v X fI s%ﬂ%z 9:‘1 Os.sgrrl%ll particles
\(Ag;{ %ereln ] 1S ’fﬁe V FUYTE (0] |Qoers. /&g I? 'S

coulddyei digetsetl rwith labger pattilds @ s&k}ﬁk»l&evflll1 inhﬁcr‘b@sl-lim&doéel Fhﬁg as agarose)
.. fibers were rel atjvel smal |, ich is primarily due

with lprge press\f@ Ao gagy flaw Béeddal%qﬁiéiegﬁ threugh hes¥stéMse to a
very high surface area per unit volune. |In order to
Examgpl¢ gw Boading Twel.ayersrafdvigmbuanes by| GalendesingnWithcor Without

fi ber mat, &Q%hporosity woul d have to be fairly high,

for exanpl e about 50% In this case, the volunme of

t [ r Ay t i | .u

o B Y V6 B L€ G FOHOM et SRl 18t b Bl RaIERe Blebranes
were tdlaidefedomictassfuflg unddt rdomytp@peratue PO PEI e $50F91 00NREK] with resin

.to be lar to neet the capacity requirenents. For
densna%nlpm@,/ﬂ%? f Pelspd%é n@mbzar@mweaaisepée%apa agrplifagpapg sealer. The

perclisb S BRREGSS T Ll Pn Bk SRy P il sl
limit. wCalbendekriing rwasyuséd foanmbpregnatidmeofodingiod OMCresRebdtive¢resvo membrane
Smal | non-porous particles also exhibit a very high
Ssurface area per unit volunme. The number and vol une of

the particles required to have the surface area stated
gﬂw e%@ﬂ&éﬁﬁ%ﬁ% rgsH RaTisle vers; immegnaed beieen,gua lavers of
nonwbven! Ribricagfnrarfe)! 'rPBRgﬁkd\mllen%_t (HAdUISer) M ;yglﬁaegntggorff@)uger layer)

4, rR2 (10) VS= 3, erein, Vs I's’the
membganesi thateare Guyrentip arsed @ dacoPharami lgscdlfiteny wehee goerhbandidates for

these gl%%\{/%g E'F(ﬁie_?{heQ %Eutlé gl're%ﬁy gclae\flearf)pp(}/ved %&upa}%lce%gng himah bi\loo?l.

layer:

In order to investigate whether particles could be immobilized without hindering the
flow of red blood cells through the device, the inner and/or outer layer membranes were
calendered with or without particles. Calendering was achieved by pressing membranes

between two rollers into sheets.

Materials And Methods

One roll of polypropylene membrane (PP) and one roll of polyester membrane (PET)
were wound on a 3-inch internal diameter plastic spindle. The width of the rolls was about
0.5 meters. The membranes were 22.5 cm wide and 800 m long. Membranes were cut into
22.5 cm x 22.5 cm square sheets. Dry resin was spread at 1 mg/cm?® on one side of
membrane, and then covered with another membrane. Membrane alone samples did not need
the resin spread. The above samples were passed through two calender rolls, one embossed
roll and one smooth roll. Both rolls can be heated to increase temperature for calendering.
The pressure between the rolls was also controlled. Calendered samples were tested by
visual examination, weight measurement, cross-section examination by SEM (scanning
electron microscopy) pore size test, and percent hemolysis test of flow through after passing

whole blood through calendered device.
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Vs =1.17x10-'m = 0.117mL -24 WD 2005/ 123952
PCT/ US2005/ 020036 The equati on shows that an

wexiosersesy smal |l vol unme of snmall particles. SnEd1/US2005/020036
particles could be dispersed with larger particles or

Proce3HRNBIMELindy BF BERedunIBAAC! (such as agarose)

thh rarge pores to alt ow easy flow of red bl ood cells
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Menbr anes bé | endering Wth or Wthout Resin
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on RLY B E0S, BHER! SRt 2RSS sSHSBRRRY b i 20
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well palen ﬁhﬁei’%ﬁ%%%nswf PRiGHRFS Teag i 1 pdigeeisee value of
Ag15nf HHisEdivided y) the RIRY ABRS léd%tl ﬁg %f GHE S&HE |bYodﬂS Gthe! fercentage of
coPharma lNeucofilters were g candi dates for
hemotylsisgeacneptablerifi’s belovel %hey have already been approved
for processing hunan blood. In order to investigate
whet her particles could be imobilized w thout
hi ndering the flow of red blood cells through the
devi ce, the inner and/or outer |ayer nenbranes were
cal endered with or without particles. Cal endering was
achi eved by pressing nenbranes between two rollers
into sheets. Materials And Methods One roll of
pol ypropyl ene menbrane (PP) and one roll of polyester
menbrane (PET) were wound on a 3-inch interna
di ameter plastic spindle. The width of the rolls was
about 0.5 neters. The nenbranes were 22.5 cm w de and
800 mlong. Menbranes were cut into 22.5 cmx 22.5 cm
square sheets. Dry resin was spread at 1 ng/cn2 on one
side of nmenbrane, and then covered w th anot her
menbr ane. Menbrane al one sanples did not need the
resin spread. The above sanpl es were passed through
two cal ender rolls, one enbossed roll and one snooth
roll. Both rolls can be heated to increase tenperature
for calendering. The pressure between the rolls was
al so controll ed. Cal endered sanples were tested by
vi sual exam nation, wei ght measurenent, cross-section
exam nation by SEM (scanni ng
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henol ysis test of flow through after
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Yas |[cntaiootet Iayes (JO Nahd N Sne20l  af ea220T  PpoGRET |vdry well bonded
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" Bkn Vinge Riretion STOGTSNh % Tafnd b Sttt BF the best ones for
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area of pocket 8 Inner/CQuter |ayer Yes 150 150
used tadnd heduembranes aspthgwpdekeamples 4 aitklJ. Olkeputenlpper nyergbrane was
r b ts. 10
made oF RolYPRef B DB abicy G B BB Bl ool T sfgncer the
outer PYEK®itB either outer or inner layer membrane, higher roll temperatures and pressures

were required as shown for sample 21.

TABLE 2. Weight measurement

Weight of calendered sam ples:
Samples Resin |Weight (gsm)
Single inner layer 41
Single outer layer 67
Inner/Inner layer calendered 82
Inner/Inner layer calendered |1 mg/cm2 92
Inner/Outer layer calendered 107
Inner/Quter layer calendered |1 mg/cm2 117
Outer/Outer layer calendered]1 mg/cm2 129

For resin density, 1 mg/cm? equals to 10 g/m? (1 mg/cm2 x 10* cm¥m’ =10 g/cm?2).

The weight from single layer, double layer and double layer embedded with resin was
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11 Inner/Quter |layer Yes 180 180 400 | oosely bonded 12
I nner/Quter |ayer Yes cold cold 400 barely bonded 13

wo smenziommer | ayer Yes 150 150 100 eery good, mE1/t1S2005/020036
littl e pocket 14 Inner/lnner | ayer None cold cold 100

relatl\Je §%€\6F?P%§B O’Th\é'I r%%lrlg &h%s{elﬁgﬂ?%ép (I\)%&]l:{ngln@f@éd %Q@v%en two

layersldfrmeﬁHramr Iayer None 157 153 100 very well bonded 17
I nner/1nner |ayer None 157 153 400 tightly bonded 18

| ITREIstAAiRY ele@yd mNRO&apl (SE o<f Resial mdoNeadalkd that most
Quter/Quter |ayer None 180 18 arely bonded, big

resin pastigles sveromtaot plier @landaringeyen sksws sone ppae grigkesh Sample 2 was
also e%&eﬁ?{}esﬂﬂcﬁg gg]d i 1191[ 4egﬂtser o'n%){@ %ﬁ%gd %Igl(i) ﬁ%hQ: calender,

there Mepdnsytiasel ghidi spagesc o, x Qaﬂni e]]‘dOQg G&lenaarmgﬁ dhé 3hembranes were

determ ned to be .the t..Qqnes for _partic
highit pisStseH e ke 81 kT i AEea i ripeat P 35 ghe papding area. The

pocke'i Qlleh SefeR th QMVafea R ?ssfelftﬁes@ %npﬁ“le bHRGidg hkabONd the

nbranes as shown for sanples 4 and 13. The out er

tﬁ"*%ﬁzer PR or TR APl B Ficiks Wy Mo e tayer and

one otitee layen.HFeguré a)showwpbékee ateheof santpde 1drat SOKenagnéﬁlcmnon Sample 13
menbr ane roI l. ures and ure r
is an exXampleeRy | in&hiine fesin SFRI5IS DEDvEop RIS rgier Jgiegm T igures 4 shows

pockeﬂﬁ%§§6@s’£ﬁﬁﬂe 13%i O mdnifigdt@ader ed sanpl es: Sanpl es
Resin Weight (gsm ingle inner [ayer 41 Single

67 I nner/lInner |ayer cal endered 82
Pore € Elrib @ | ayer calendered 1 ng/cn2 92 |nner/Quter
| dhe lresnubtls ofi ther mote 322 distrimgioh@ftoatendargéd rsamplee actesheshnlin Table 3

-belowngéor C@EP ;8%%{1% %it S glLﬁﬁ%er Cal % der ed 067 g;%es( q%reased 30% to
50% d&ﬁ;ﬁﬁ@i with e Grdié '[ﬂ%rer ﬂlporﬂé@féﬁaetermeﬁbewH&h%e Héé}géase in the pore

smgh'l | ayer, doubl'e | ayer and doubl e | ayer

size weuldh hindsr therpassage2gf 10 blood /celis dsoughcitreUsies fotisn 3ests on the

hemolysis of whole blood flow through were performed.

—

TABLE 3
Pore size distribution of calendered samples:
Sample Rolls Temperature (°F) | Pressure | Pore Size Distribution (um)
No. Membrane Resin| Embossed| Smooth (PLI) |Smallest] Mean | Largest
1 Inner/Inner layer | Yes Cold Cold 100 2.28 3.62 7.71
2 Inner/Inner layer | Yes Cold Cold 200 2.10 4.52 8.80
3 Inner/inner layer | Yes Cold Cold 300 1.91 3.89 7.80
4 Inner/Inner layer | Yes Cold Cold 400 1.99 469 9.62
15 Inner/Inner layer No Cold Cold 400 2.06 3.90 9.26
7 Inner/Inner layer | Yes 140 140 100 1.82 4.05 8.00
13 [inner/Inner layer | Yes 150 150 100 1.99 4.88 8.73
16  [inner/Inner layer No 157 153 100 2.1 4.04 8.79
PP  |Single inner layer 4.15 7.03 13.91
1" Inner/Outer layer | Yes 180 180 400 1.12 3.32 7.99
18  [|Inner/Outer layer | No 157 153 400 1.64 3.45 8.65
21 Outer/Outer layer | No 220 220 600 N/A 17.76 47.35
PET |Single outer layer 23.61 35.81 79.04
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relatively proportional. The results showed that resin

was well maintained between two |ayers of nenbranes.
wabmsazasmi ng el ectron micrograph (SEM of sanpdBESH5/020036

and 13 revealed that nost resin particles were intact

atter |.endar.i n even t.hough e acked.

Exanle £/  OpiRgator I cRlsiering UineatiE TR BaRES
simlar results. On the enbossed roll of the caI ender ,
there were square i d spaces 2 nm X

c Ahe celanden goll e i i aigs wedeeed 1 Bronensrieess & Kisling. The rol
is ma%m dsgeflﬁlg% & Cé%gfave&— i aq{o%@yéo%ﬂff tfebd, afld LOatéf w‘itﬂefeﬂon release

I ng area. area refers’to an area
coatinigsThabdckest uﬁddarnaimebémnahemg%arceh’? thiskixpl e 11 is an
exanpl e of inmobilizing resin particles between one
| Foat-ghany@mpMicof d gesiniivere dpadadrmarfuallyifito 30SAORR0 cm (600 cm?)
ocket areas of sanple 11 at 50X magnification. Sanple
swatc ofrpéasaw-@m%mpprlmpmb@rlﬁgwméh ForTgsRPRAsp @-particle density

t
of 6. 6%%as 0?1{1”\’9-\ Er{wﬁq §\Lvﬁ¥ﬁ‘ ég%eﬁiab%nf{e?\?%s tl?r%g‘%ﬁ ol? gf:{sﬁl% Zrgsm layer, and
the szmdsmrh lwat|11asseahthrmghutlhbscamhdemeolboatel&|nz/m1dj sThe Boilovaing table
cal ende are shown in Table 3 below For
Coma‘(‘}af@r{%#@d’ ?a‘rrfs‘ ete§t§ral | est, mean, and |argest
pore sizes decreased 30% to 50% corrpared with the
Table4: @l%‘dFBQ%?Pt‘mﬂa’é‘r%Fu So det er mi ne whet her the

JBLI bc IBLL lllgS bl L WUUI U III IIUCI lIIC passayc UI
Trial ﬁ g%ﬂﬁ? é’l rou@hp‘t ;Fe devi ce, furﬁfger1 tests on
na eénpeﬁ $iouampljood 1 ow t hr otghH fer e

1nrf(ﬁ TAF{I 2 Pore sitze distribution of

1 {al eflfered sant¥8es: [S2031 ¢ Nehinfiae vilas withquf pagicley)

2 Presdifre Hore HiSze O sOri hMembianes pag weadly fussbnbr ane

3 Resi MEnbgsse®36nootih OPLI BetSnthbd pueyiougvbtill tog wakt 1

4 nneiﬁ nner | ayRr Yds | i Goad bindif0wizhorBredn,66t Tess/ dffident with
nner/ 1l nngr | avér Yds [ drediol d 200 2.10 4.52 8.80 3

5 1 nne?60 nner | @48 Yds Qol ¢ Goes repultOpithindvithgut@giny 80 4

6 nne nnegr | ayer Ygs @ol ¢l T@adechtudO@hs TooRBh Ao BerBhr&2 did bt fuse
nnef /" nner | ayer Col d | @diottora} b@ aghe@@tozhegoll 9 26 7

7 nne%j nner | ayer Yes $40| a0l Eols yergachievghatghip Gmpargure with

ner /|l nnd Yds 150! sughyvithpyresinog 4 83 8 73 16

DA zrerrheap/ indigates thal, the prigern penetmtes thobattom rofl ma §/1960 ofxm inch.
Single inner layer 4.15 7.03 13.91 11 Inner/CQuter
| ayer Yes 180 180 400 1.12 3.32 7.99
The samples were observed under the microscope, and showed no pinholes. A swatch

of each trial was kept (only without resin) for future reference.

Example 5 Binding of a p-Lactoglobulin and Flow Characteristics of Resin-
Impregnated Calendered Membranes

This experiment was conducted to determine the breakthrough curves for the binding

of a model protein (B-lactoglobulin) to calendered membrane materials containing dry resin

at a density of 4 mg/cm®.

Polypropylene membrane material was calendered at 170°F and 150 pounds per
linear inch (PLI) containing dry resin at a density of 4 mg/cmz. This membrane material was
cut and assembled into Millipore Swinnex filter units. Each filter unit contained a stack of 1

to 4 membrane layers plus a layer of non-calendered membrane at the exit side of the filter
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18 Inner/Quter layer No 157 153 400 1.64 3.45 8.65 21
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unit. &l ot s iyl - fasldelibolit it 1K ERESES paise ot the filer unit

atl.5 E%mh@ﬁ iéing A ?e&hﬁﬂu%mbn sFracTBﬁs 610, ls mll SvefB@Be&td for 4 minutes and

stainless s engraved with a honeyconb pattern,
analyzed dfor gheie drofieinh causehigatiane heing dhe Paeree Agicror CA aaskayr kit | (Pierce,
vvas rubber coated (3/4" to 1" thick). Four-gram
es of dry resin were spread rranually into 30 cm x

2%} osgilsg n%#eﬁ%? t@ﬁmgﬂ%@é ﬁ f%frgctlons collected for

the diffefeht ﬁ&rﬁb&%ﬁhéxﬁbraﬂé 1Rel. NChléRieted/ xﬁ&%braﬁe RHR0EresaV S used as
of menbrane was placed on top of the resin | ayer, and

the cantvel. s Thewewlts ieom (this saperimens shawt the differenetein pioding hgtween the

memb%%}eal negmé l}ﬂ) dfrg{lﬂ%}%i Qget E&Rlﬁzbll&ei? {" ﬂt:alﬁlél% ggslplfa?g&j a s%mllar initial

slope Ot)hhlbbuhdtdoﬁdfbrﬂtﬁﬁbkh tioweSer, ld‘y%fbsll-ﬂaderea)oﬂ.niff Joal enough to show the
nperature tenperature p Results (F) (F) (m 1 212

Satmai@S’OQ@)@ONo binding with or without particles 2 230

215 0 l\/brrbranes were weakly fused 3 245 236 0 Better

t han previoy but still too weak 4 255 245 0 Good

bi ndi ng wi t dable3: tq%bowipqosé%a%# theamenntefith resin

5 260 248 opmabPqusfvwmﬁ B wi t hout resin 6 275
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Char act
The amount of protein bound in general increased for each additional layer of

Rocktlé ﬁp

U
u
q

EL

membrane peaking at three layers of membrane followed by a very small decrease with four
layers (Table 5). Since the filters containing 2-4 layers of membrane were not run long

enough to display saturated conditions it is not certain that they were done binding.

Example 6  Particle Distribution on Membrane Rolls
A particle spreading unit was developed to replace the manual distribution of beads

used previously. The equipment has been tested and calibrated.

The powder applicator was manually set for 60%, which was equivalent to a
dispensing rate of 6.52 to 6.99 Kg/hour (displayed). The measured dispensing rate
determined by weight was 6.65 Kg/h (average of three determinations), within 5% of the
target value of 6.96 Kg/hour.

The powder dispensed appeared to be distributed with uniformity (visual evaluation)

and no spilling over the edges of the membrane. Figure 9 shows the distribution of particles
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demop eSO e, LT oE TRBREL R Hel i Rpby FAe homan

spCIDbAd Bluga6 &GID) Fiond kdddblbed WEE BoricBftratEfyTiNnad) Svhtld Blood to the limit
entrapped resin and the control. Al of the runs

of detgetinn| by égvigro dpehniques (Westert Blog) gpiea éqdug‘qa,@bghhp.mstelrr 263K scrapie
iR R LS RS
T in. ' .
ol “weit bl R A TR A B b BBt Rl o prion

proteifObdth QiorB@lSPﬂPcr@ldhﬁﬂﬁdblgs PS¢ orlPiPadsdr TE: £ Wa@ﬁ&d“m&olumn
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chromatagaiphiqy forpgt 1'=mésye 4haz/eT¢Féncaﬁ6@rﬁ@ remopgl{hirding 18RS r{hamster
I rﬁﬂﬁﬁ f d anl

fous ne%%bannel&%ga [ ngQ%\t H{nﬁgtgceégf:gigeéﬂsd 0 rnerr‘o@?gf%)e(t\%E gf Ired blood cell

concehtyate to theylisitral Hetdeteomelays i-wiird ltedhoigques (Wysern Bloghking agpduction in

hamstﬁb?é?%%{r]aeql%hllfﬁt: 1{3{8 y,C zoentz%-lv?von[goc?el of L}? rc%g Szt 18£s menbr ane

) Toyopearl — DVR - This tripeptide has demonstrated utility in binding of
prion protein, both normal PrPc and infectious PrPsc (or PrPres). The resin was used in
column chromatographic format and we have demonstrated removal/binding of PrPsc
(hamster, mouse vCJD, mouse Fukuoka, human spCJD and Human vCJD) from red blood
cell concentrate to the limit of detection by in-vitro techniques (Western Blot) and a reduction

in hamster 263K scrapie infectivity, i.e., in-vivo model of approx. 4 logs.

The amino 650M, SYA and DVR have been used at full scale, i.e., 1 full unit of red
blood cell concentrate passed over the resin (approx 350ml). Column size was 10 ml of

swollen resin. SYA, DVR, and amino function at 400pmol/g (dry resin).

Example 8. Comparison of PrP* Binding to Amino 650M and Amino 650U From
SBH Spiked Into Buffer, Filtered Plasma, And Whole Blood
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Example 9  Binding of Hamster Brain PrP* to AMN Resins

Comparative binding experiments were conducted for a series of resins (e.g., AMN-
13, 14, 15, 16, and 17, Amino 650M and Amino 650U). AMN series relate to 650 U (newly

designated as 650C-prdt) samples with varying amino substitution levels as follows:

AMN-13; 0.094 eq/L
AMN-14; 0.078 eq/L
AMN-15; 0.072 eq/L
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Addi tionally, the experinent was designed to determ ne

Exanip1€10 €Exelctifh of Prétein's 'Houall B REdinIHRb{RIFR W EmSarfds And

pi ked buffer refers to the addition of brain

honpge Reterminatigyr Qf Binding fof PrP‘Jprdne Nopmel HapisteroBrain

t he ad 'otié)r%no brai n honogenate to human or hanster

whol e Jo% difference in the signal was found for

D SRR 8 o Bl SR AR B mombres
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. renoved ba/leukofiltration,was nmore than that .
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captured by the filter, h n.pl asma PrPC was.
F?\%Qinﬁl}}m erjbgain hemogsray @%%W%%eat%ﬂ vith sarkosy] and spun down.
The rgsgxzt%esﬂp&ﬂﬁaﬁtvw?f &fikld & 4 ﬁnﬁ%r_ll_%&ltljaﬁ&{(opf%?ngrgg\h'&rkh%rbuffer or

en" PrPc and 1 nfectivity. e anount
human eviolecklotd; Fiftykoillilitersaifispikedaslution was passed thaough 47 mm Swinnex

riter e VgD ictfiped hpehe Amenfoed Fthians? EpbaTlea win 4

mg/cr? §OcHI S Bographic resin at full capacity, or a reduced substitution capacity form of

the same resin as a control either Toyopearl Amino 650M or its fully acetylated form. The
flow rate used was 0.5 mL/min, using a peristaltic pump. Ten aliquots of 5 mL each were
collected for each of the spiked solutions and membrane type. The flowthrough samples of
both membranes challenged with spiked buffer were analyzed by ELISA. The membranes

-33 -
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The first filter holder to be open was the one containing the membrane with fully
acetylated Toyopearl that was challenged with spiked whole blood. It was noticed that
despite the passing of air and rinsing with buffer there was still some blood inside the filter.
During the attempt to rinse the membranes with buffer, there was a significant loss of resin,

and the membrane was discarded.

The filter holder with Toyopearl amino 650M challenged with whole blood was
rinsed with an extra 200 mL of buffer. The flow rate was higher than max (999 in the dial).

Upon opening the holder it was noticed that there was still some blood inside, especially
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Example 12 Binding of PrP‘ From Scrapie Brain Homogenate to Filters Containing

Particle-Impregnated Membranes
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25 lagg}g 5teﬁb cﬁ@@%%éxﬂbr&ﬁ@scﬁl@nﬁg pIVELe v efdéaSto ether using an

to maintain t ame Pr g properties
ultrasmhnlr@ﬁbléseakt m:byofhetdse of e prass tonapplyt bean afidpresdure Simltaneously. In
ful lé acet Iat ed ami no .,showed weaker nenbrane-bound
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buffet ﬁ%teggﬁ/ﬁsﬂﬁcgﬁ MBleod]oM%Jh@{?d'ag the BlaBRAed @Rt 2sitkY The resins
them cdl synthesis reduced the
were challenged w1th 80 ml of sample at 0.5 ml/min with a peristaltic pump. Western blots

Tcs

of the resin bound PrP™ samples were conducted without PK digestion. The results indicated

that the membranes performed well with the spike in buffer and in plasma but the same spike

in blood appeared to be reduced.

Example 14 Removal of PrP From Spiked RBCC By A Series Of Filter Devices
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N b act
vas RERR BTl arh esbBF SRGELEEE PR HePe il and e
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first PROAT infectieftk stsidg mailcam that K filerscpesfotined as<wel$ as ﬂilBSame resins used
the reactiqgn ure. . The results indi ﬁt e, weaker

. x
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Exam@ﬁt? #J%Sﬁjrggtl Il)tc\l,d l&%h{c}a %‘?6 %«;ﬁﬁ? géleﬁe,gégletwl&l%
Testing Of 5‘3" 8 rPf Paf' 0 SROSIEHES ¢ he

filters, were _assenbl eg in plastic casings z%nd wel ded

t SEffiRg is an ffigient-PRtheg (o Shang Susfare IPAoPeriFs ol polyaters. The grafted
polyrri%?é’t'aﬁ@red Bht s@@&ﬁ@ ﬁlgﬁﬂfsem %mﬁhﬁﬁﬁmg@l‘i’th gﬁ%ém? nfe¥] dg&tl ?ﬁ)pertles of

using various chall enges, spik on- spi ked.
the sobstrateybodkeregraftinghehef inmasit vmsatd@ mzthod for protein binding, whose

applications often require change of ligands as well as enough mechanical strength. In this

example, grafting of glycidylmethacrylate (GMA) on polypropylene (PP), polyethylene
terephthalate (PET), cotton and nylon substrates were performed to show the possibility of

applying this approach for PrP° removal from human blood.

Procedure:
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wa 08hzeas2 25 or nore), followed by several | ayBtBUS2005/020036
(betmeen 1 and about 50, depending on the desired

CI02Suia AP S S50 SR IRTTRBE s o, P
non- wmaib fzbie SPP ﬁhle-vxfolv?ﬁ ﬁfelﬁlbt\ﬁfe:E(l\%u‘ebpllﬁﬁhnh @@&V’?’l}? PPUtbierandrPET fibers
soun cu_ ter/sealer or by the use of a press to
ﬁom'g 0@ i? Nstre sinmultaneously. In this
heat and pressure were used. Hanster brain
@ﬁ%eaa\taécmg d puidt the foliawing s&ps: Sar kosyl and di | ut ed
100- foId in buffer, filtered plasm, and whol e bl ood

he resins. The resins
a@g %%%%Q%#@B@%F tt?I%etSSarrpl eat 0.5 mM/nmn
Sanplés waereelﬁbéhﬁ:h vacuuploven fMéabertharbthedechoued; t he resin

bound PrP es sanpl es re cond wi t hout PK
W@%W?réﬁfeat‘?ﬁéwgle’%@op\g’%sﬁ’&l et &t?g‘ﬁ\% t he menbranes

t e in buffer and in plasm
aﬁ:ﬁ{lé@ﬁ%@x%’e %}ﬁﬁmﬁ?‘ggzg appeared to be reduced.
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ilte Vb CES 36 WD 5/ 123952
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show ‘éfg'hﬁictaﬁﬁf"b@t@er rﬁﬁ‘mg résufts Wha@éhei?ﬁ'&l ﬁlbl%'étfeﬁ reoftoh, nylon and PET.

el'ution (injected on one sid I'ter)
Threeg3ipgs| cef Eﬁjﬁulatramba‘mbete@ctw@ﬂ ditifiber; é’Bttm qunr@dolfm gen-woven

S| de e filt Was
membyang, g gaméagul ? éel nd galagt"ﬁtaf & %%Pg Fﬁfﬁ’r es) hlrssgabe%?d >7%,
respedtivelye(Tableag)d These ve@@d@taié @thicByhighdrttRan thoseWH3eh t0Va%) of the other
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substratse  Hhesaarsiis gre Sither jqopfirmedepy the PR espeetiy| Whese the grafted PP
systeq?{ sqx%gxngtx];o'ng L8 80 y30 ?mt Eeelgf\k}@k?{he%a% ¥1b§$ﬁgmtté1§ and 910 cm”

Etedtion o stern se results
! related ptheegotide ghope thei signaRBEE GMAre Other substrates did not show much

change when comparing the blank sample with the samples after grafting.

w$okR WD =

The reasons for the differences of grafting on the various substrates are still not clear.
One possible reason is that C-H bond might be easier to break in the PP environment than in

the other environment. Another possible reason is that the nylon and cotton fabric samples
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PELoR AR PREriTRhe aR@lay&l Myéspharmd SngRe kA sBreaddPBdak at 3400

cotton and nylon substrates were perforned to show the
cm™ wiaelsisigitribuig t@fOH ap H)ithgreunssthg sesubs efamipatiqe. pC

renmoval from human bl ood. Procedure: -37 WO
Deter(inatidiR P8 fae€a ¢:CHO0B-82008MatéFids subst rat es used for

the tests include cotton woven fabric, nylon woven

f mateirminiﬁg?smrﬁ:n:evmv& of haiHwoven Praterdals \imnetneam rtiskadee to complex

PP175 PP fibers _and PET fj bers rom
interlqsf 50 ot thaf SQEER IR e DRV HERCACAE? P SIgle fiber can
be deB¥mided i&hllagél‘& 1%/ &Eé‘s‘ﬁﬁng rﬂxcr&@ﬂﬁb §fhaby Bf WasS iieer Whd fhe length.

acetone three tines; ) | es were dried in a vacuum
Thereﬁxre,nt fsdheanetically passitile tcememw surfacg aresaﬁpblesvmoem materials through

fibers \&g ?lée Sél(rjnﬁ\é}ng%tgn% 5,BY, 'gra?{(uggs nnlggloﬁ_{ vi’c('hn%t ?@rg{(ﬁl pr%p ers oqsfhe fibers

are saire@d that e tHeabniwovkd ¥nedifals OThik Inmh(bmca?n Bé\éxpfbameliy tlhe following
6 hrs. The W intensity was 1.1 WnR. The tenperature

equatign: chanber was 30 C and that of sanpl e rack was above
60C, 6. After the UV polynerization, sanples were then
Wtwa@h%pﬂ&iwh acetone for three tines; 7. Sanples were
dried in a vacuum oven. At this stage, sanples were
only analyzed for their weight gain and IR spectrum
whereAlt @5 waight gain ront greftipga Y, aslsuzfaca areawed fiber 4ralbs j,c isswifafParea of
non-woven nenbrane were further amnated in amoni a

non-w{RiFh Bl St i Sl DS s Yo can e

determined by two independent experiments.

The area determined by this method is the effective surface area corresponding to
each type reaction. Actually, any reactions whose extents depend on the surface area of

substrates can be used to for this method.

Conclusions:

Primary tests of grafting GMA on several polymer substrates show that PP is an ideal
substrate for such grafting. The weight gain of grafting GMA on PP varies from 60% to
160%, depending on the shape of PP materials. The grafting effects are also confirmed by
the FTIR spectra. Furthermore, based on grafting, a simply method has been proposed for

measuring surface area of non-woven materials (Table 6).
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fabrics). The second method only applied to the samples with regular shapes, such as the

padded MacoPharma membranes.

All the samples were chopped into small pieces.

Each sample was then immersed

into a conical tube (50ml) containing 5 ml 1% normal hamster brain homogenate (HaBH)

solution. Samples were then incubated on a rocking platform for 30 minutes. After that, the

-40 -




where W is weight gain fromgrafting,
area of fiber and SNWis surface area of

Sf

is surface
non- woven

woraoent2ms2z Only two unknowns are in the equatiBCI/US0851620036

SNw , which can be

forff S ‘?ee&?t‘fép

%} | rrgshteé J\Flﬁ'lh

sampla ective

platfofrgact i on. Act ual

on the surface area of
Resultddi S net hod. Concl usi ons:
pol ynmer substrates show that

GVA on sever al
i deal

ace a

ﬁggyn

corres
ly,

L 3¢ 158

eac

substrate for such grafting. The we

g Samvlen\gelgémar@n ampanigratien lervlebnil@b%atscsietemowg

determ ned by two independent

18@ 8n ‘ihe rocking

any reactions nhose extents depend
substrates can be used to for
Primary tests of grafting

PPis an
ai n of

ital pnalysis
The grafting effects are

th P e
are Shgﬂndn ?‘Sﬁfhﬁ‘?&nﬁ‘ l%ablg%tb WR spectra. Furthernore,

based on grafting, a sinply nmethod has been proposed
for measuring surface area of non-woven nmaterials

( | e -39 WD 2005/ 123952 PCT/ US2005/ 020036 Tabl e
6%&%%%9‘815“‘@}51“?!%’5 "n‘éﬁ @ rn weight gain Sanple

Name Substrate INM Tine lnitial Wi ght (hr) Weight (g)
Gai MN@®§  Co- g- GVA- 0329Wsighbt® on woven fabri c NJe6
0.1283 -1.8 Ny-|g- GVA- 032905 Nyl on wpven fabric 0.6
BohRadr . £ PP-[g- GV 03";?869"" PPTomywoven—6-65 ¢, 1179
?Ci?ﬁ%ﬂ)éér - 033105 Cott'on woven fapric 6 O. %36"4 -2.8
Ny- g- GVA- 033105 |Nyl on woven fabric 6|0.1446 -1.4
RiGNAQMBeOB3105 |PP non- wgyen 6 0. 0537 91 3.8%
Mac- PP- g- GVA- 040805 Macopharma PP nof- 6 0.0668 57
woven nmenbrane M PP- g- GMA- 040805 PPl non-woven Fabric
POMarg8P 154 FB- PP- g- GMALIODS05 PP {ibers 6 H6B789 85
FB- PET g- GVA- 040805 PET fibers 6 0.0517 4 Exan‘pl e 16
PrP- PGVA Erectro=—Spun W
36 gﬁ/@]d Padded PP So_bsqgr at es Pufpose: Tzl
determ ne the bijnding of PrPc by PGW fi bers,
PGMaAl£pPr(Qdaisn 79EA [and GVA 0.1011 1.5%
PGMA-g-PP (Macol75) B 0.1010 1.5%
PGMA-p-PP1A 0.1015 Not available
PGMA-p-PP1B 0.1007 Not available
PGMA-p-PP2A 0.1007 Not available
PGMA-p-PP2B 0.1012 Not available
PGMA-p-PP3A 0.1012 ‘Not available
PGMA-p-PP3B 0.1007 Not available
Blank-Nonwoven-PP A 0.1009 None
Blank-Nonwoven-PP B 0.1011 None
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w@k@sk2isnwoven- PP B 0. 1011 None -41 WD 2005/HCB0OS®05/020036

PCT/ US2005/ 020036 Name Wei ght (g) N Bl ank- Maco | 75A

051011 ne | ank- Maco B..0 S}

o BT Seou B O TG bl oy BLRER b8 pr sk g pacded pr
bind p@h. avai l able Electro Spun B 0.1005 Not avail able

Area (cm PGVA-p-PP (Maco235) 6A 4x4 Not avail abl e

PGVA- p- PP (Maco235) 6B 4x4 Not avail able PGQVA-p-PP

(Maco235) 7A 4x4 Not avail able PGVA-p-PP (Maco235) 7B

4x4 Not avail able PGVA-p-PP (Maco235) 9A 4x4 Not

avai |l able PGVA-p- PP BRAUBPAEENES 4x4 Not avail abl e

(e for SRl i PritChenqh sy Al prAcR) e absence
of anNallerdotiti dragle@entB Hinktafibie 02 ImBtadioAs Neliclavanbalbpeeificalty disclosed

WD 2005/ 123952 PCT/ US2005/ 020036 Based on the results . .
hereiry.  Bhg tgEBs adexpressiopsthat baygebegp smpdeyeprreiredpaipmsad deseription

and gt AR TnerE B Bt il P RYEBH 10 g and expressionsof
excluqh'_ngfahy equivalants v thd fanres shofvnaamgd ddsenteadt oroporébrenthetest, but it is
recogllai!gga:}&]gtglg%poug rrngditllléattiggsl grgsi)o\évs%l% I%vi!chsm t oet scg ee 8 ’Ihle ?g\lleln}/ion claimed.
Thus, it should be understood that although the present invention has been specifically
disclosed herein, optional features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and that such modifications and
variations are considered to be within the scope of this invention as defined by the appended

claims.

All references discussed herein are incorporated by reference. One skilled in the art
will readily appreciate that the present invention is well adapted to carry out the objects and
obtain the ends and advantages mentioned, as well as those inherent therein. The present
invention may be embodied in other specific forms without departing from the spirit or
essential attributes thereof. On the contrary, it is to be clearly understood that resort may be
had to various other embodiments, modifications, and equivalents thereof which, after
reading the description herein, may suggest themselves to those skilled in the art without

departing from the spirit of the present invention and/or the scope of the appended claims.
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herein. The ternms and expressions that have been
enpl oyed are used as terns of description and not of

wo pasmizaof DN, and there is no intention that i npdhesS208%020036
of such terns and expressions of excluding any
equi val ents of the features shown and descri bed or
portions thereof, but it is recognized that various

What' 1P nodi fic tlons are possible within the scope of the
A% 8HP? Kclaimed. Thus, it should be understood that

al t hough, t he presen nventi on, has be speci fical

i st ourvire B SEPRRline ot G pBRHIFE cBSThEth F sumpl pomfsing one
or moYé@pbuk MatBéest MirpOP&e Riiges Nt thandi(SGMOSRE aBMrafi®y of Igartlcles

resorted to by those skilled in the art, and that suc

impregrsded thersin, GrisTein dhe atdeashoneieech peers @Haches i thetaneins more porous
mamc‘% dﬂh&éécfh &r ?&H Rfid %kreﬁlﬁbéqf fOMGh éa?nglé‘s defined by the

erences scussed herein are

i ool p?fl@h?\acgé’fcrlﬁ];nef WBERin, @“ﬁﬁrﬁéi 'a?e Qust BSn nq%r})us or both.

read appr ecl at e PESEnt 1 Aven
i SR AL el i o

or both hbes £atifdrivesed variablRegops sisgent i nvention may be
enbodi ed in other specific forns without departing

faom t e devicd 6f Mim PoheRin @k paiticles bt es pérle IR T ab&it 0.001 pm
the contrary, it is to be clearly understood that
to abopt@dum. ray be had to various other enbodinents,

nmodi fi cati ons, and equi val ents thereof which, after
r 8adi nghe Hevige ot plajsm il owhareindhe onray morgypeieus maligss comprises at

leastc{rﬁnBHin@erHﬁb#\J: ed in the art without departing from

spirit ‘the present invention and/or the scope

(F)’ET} nggg%gggggf Jlﬁm twllie;}gigl\/%?fzﬁoeg%rl&gtgégﬁ)&oas mafrices comprise

natura @pensadyntigtiafibemas bothne t ar get agent from a sanpl e
conprising one or nore porous nmatrices having pore
si7z es The ge\ricet dﬂfédiaiﬂtm Whemhdtha ppiticlea chﬂnprisﬁ a parotis skimshaving
[ nat ed . [ | n the Sst, on

. | n, ta
interc meaafﬂ “f cg wsaSolﬂ %W%P%%ar g?@n /&af siﬁl%ffe’gsm to about

3oonp,%r(;fld%§§empr both and is renoved fromthe sanple. 2.
The device of claim1l wherein the particles are

p8r ous Theideies ofialaimpl wherein thg at Ieass ode targes aaqént @ftaghes to the

paici S b5 08y PR S Tt BB s
. exchaﬂ@{ cowl@lt bohdy, Rydophsbic Iafﬁriliyﬁnﬁﬁ{chbﬁd ESniadive oficlip@sed species,
size of about 0.001 m to about 0.1m 5. The device of

the attaghment of afiwityiligandse obmeormbinatinnghersebus matri ces
conprlses at. |l east one ngnwoven fabric. 6. The device
of- cl ailhs devipreplelaim hevherin ghe RS THQFE PGEOUFERATigess the particles,

or both¥TP5ir¥fee modified by at least one reactive group comprising a chemical group, a
biological group, or both.

10.  The device of claim 9 wherein the at least one reactive group comprises a
functional group comprising epoxy, formyl, tresyl, hydroxysuccinimide esters, sulfonic acid,
quaternary amines, carboxylic groups, primary amines, cyano, cyclohexyl, octyl, and
octadecyl groups, epoxide, oxirane, N-hydroxysuccinimide esters, sulfonyl esters, imidazolyl
carbamate, quaternary amines, carboxylic groups, dye ligand, affinity ligand, antigen-

antibody, nucleic acid molecules, reactive groups for ion exchange, chelation,
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natural fibers, synthetic fibers or both. 7. The
device of claim2 wherein the particles conprise a
wEeusIsesi n having interconnected pores w tPCBEUSHOT®0036

areas in the range of about 1-2 n2/g of dried resin to
ox1daqgr9 téhrmet?o%o{eﬁg i s?{steegé %g%l{exgﬁﬁ r}eaec?iog gecga%aqgs;{% cﬁgn Clh?'dpaphoblc
reactidii3or feaerke phass, ortaxoniténation thHrechDr e porous rrat rl Ces, or

bot h via absorption, absorption, ion exchange,

coval eMhe ldevids of bluitn dphéren, thafshinplet iy a blbed sahplernad the at least

formati on of , charged species, .the attachnent of
one taégfftlalg%t)ﬁolnmﬁﬁﬂ BrioRs, vifusesnBGieria, GrPtPFRay apd toxdns, pR@ combination
theredt€Vi ce of claim1 wherein the one or nore porous

matrices, the partlcl es, or both are surface nodified

Di32, TSRS 1 YA RE Y Mg T i

resin, alnmthacﬁylaﬂa eesn,ra hbdifiad rdseast a oorebinetat th\mogr oup

c funct.i onal up ¢ ri epoxy, . .
3yt 168 - Qeyred"Rarys LT MHRHE B o Raoed ; giny comprises

TOY@FEQRLTWHMIWG‘GSO’ am nes, carboxylic groups, primary

am nes, cyano, cycl ohexyl octyl, and octadecyl

gi é u ps The pie\xi'cd of clainn 7 awhe;rem-thg/ drsOXGB0IITses A Iwedl eesés tagdrg resin, or

g ters i m dazolyl carbamate, quaternary
a com, }ﬂaH 9 boxyl i c groups, dye ligand, affinity

| 'lgandTh@ﬂEhg@ Bf cﬁlﬁh' 100 Rhereitt) tHeSPatiA&d ébrﬂﬁ&lls%od"hﬁalﬁed resin, the

reactive groups for ion exchange, chelation, -44 WO
one OPOYEY ROIRYS MARTES USIPUS? DO Greatost mbmrqm)qnecmdtth@ Feactive group
comp&geg%:llg%ﬂ& haﬁhg a'y st ety 3 Gl : gaf’élgt Ir%%%ﬂh?lncSSpea\%%tr%lél¥a§+%a§ golyethylene
glycoluni®. conbi nati on thereof. 11. The device of claim1l

wherein the sanple is a blood sanple and the at |east

one. t amgedevigeof clain|ll WhefirptheGagticles drél S@slwiblagl stwéen the one

protozoa, and toxins, or a conbination thereof. 12.
OTmOWrB‘éVP%té“’%? claim1, wherein the particles conpri se

zol ynet hacr late resin, a nethacrylate resin,
711 Bclenice: fh r separasing ghlsasi 4ne EieqtRgdnt drom o gampls comprising one

|
or m°"ﬁg§‘%s@ém9%%%p g Rt ip O fbrdifitdbne or more porous
matriceh arensurfacevimexdéfiad byhat leass ione caanpive grosp @omptising i ahemacal group, a
biol drex r esi nl, % a conbi nati on thereof. 15. The device
10 O%‘f WP herein the particl es conprise a nodified
nor e, porous, matrice [

t he co ri se .
i B o A e BF s 3, T G MBS ARSHE et § SRIF Gepprising
(a) providing a sample potentially containing one or more target
agents;

(b) providing a device comprising (i) one or more porous matrices
having pore sizes larger than 10 pm, and (ii) a plurality of particles impregnated in the one or

more porous matrices;

(c) subjecting the sample to the device;
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conprises a ligand having a primary am ne and a

hydr ophi i ¢ spacer containi ng pol yethylene glyco
WQmi05/$23946. The device of claim1, wherein thePCT/US2005/020036

particles are sandwi ched between the one or nore

porous matrices. 17. A device for separating at |east

one target agent froma sanple conprising one or nore

' | ' h .
ey o the e ARG BREIALASR deBlGGknt B3R Forg (o the one

or mof®godouethatiiceditor bestndne reactive group conprising a
chem cal group, a biological group, or both. 18. A
met hod of s¢@ar atseprgatitig the asleastofe tadged afgem@‘@m thels@mpR.
sanpl e conprising; (a) providing a sanple potentially
containing one or nore target agents; (b) providing a
dgvi ce A REPKit fdrriﬁirgléﬂ Jep@afio® and'Binfpl® Qﬁf?ﬁé;atféﬁkﬂ)bhﬁfﬁing (1) a device
a

having pore sizes larger than 10 gm and (ii )
contapiing eild erymere peaeusi whtsicey hgyirgypere stres targardhame0 gm, and pelurality

us rices. (c).subjecti the. le to the
of pRR BnPPBldp e Reytfn 18 585 cbABSIA BoE oh gmbiti e butters,
reagefifs] ahdmiogl hfmttfuh@imhlignidnt Rageits, agemhes, Oddtdtdion agents, control
particles, one . or nopre porous matrices, or

to th
matetials, jiii) aﬁérueté)%%@%aﬁe&f thegfestidt, Gv) paskaging matarialsy ot anygombination

N sanple. 19. Atest kit for target separation

mxuéggyégﬂgpé purification conprising (i) a device

copt ai R ne:.o I : [ hav] p . .

SSee (PR Eer [RA B e RRRIIA deP hiprice various
enzymesp rpegptizdtie dgrohps, eflupreqcent) matecials) dumereseean inziterialyy biokiminescent

or nor.e af the buffers, .reagents,. chem cal .agents,
materfals, (3o e Bteral- fiShcjis e GhId prrtiles pracombit g direot.

control materials, (iii) instructions for use of the

test kit, (iv) packaging materials, or any conbi nation

of (ii), (iii) and (iv). 20. The test kit of claim20

wherein the detection agents conprise various

enzynmes, prosthetic groups, fluorescent materials,

| um nescent materials, biolumnescent materials,

radi oactive materials, disperse dyes, gold particles,

or a conbination thereof. -46
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