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accomplished in various ways and for a variety of reasons. The most common prior

art separation method comprises simple filtration with a porous filter which allows
certain substances to pass through the filter, while physically capturing and retaining
20  other substances by mechanical sieving, i.e., removal of particles by physical
entrapment when the pore size of the filter is smaller than the particle size. To
remove very fine substances by simple filtration, the filter must obviously have fine
pores. Unfortunately, the fine pores are readily clogged by the fine substances and
other contaminants. As a result, a filter medium having fine pores quickly presents
25  unacceptably high pressure drops, loses its effectiveness, or both.
The isolation, separation, or purification of chemical and biological substances from
mixtures generally requires more than simple filtration. There are numerous assays
and purification methods and systems for chemical and biological substances in the
prior art. Many'of these methods are based on specific binding ’f,eactions wherein the

30  ligand, substance to be detected, measured, or isolated, reacts specifically and
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For example, regardless of how carefully and completely a column of beads or the like

25  is prepared or packed, a mixture passing through the column will seek the path of least
resistance which may be the interstitial space between the beads or the space between
the beads and the column containing the beads, thereby bypassing the interaction sites
on the beads and significantly reducing the effectiveness of the process. Furthermore,
like simple filters, packed columns of beads suffer from clogging. To prevent

30  clogging, the porosity of the beads has been increased; however, the increased
porosity reduces the active surface area and also renders the beads quite fragile.

Additionally, it is difficult to prepare kits and off-the-shelf assays using free floating

2



2 WD 03/031978 PCT/ US02/ 30872 beads as the beads nust be carefully
prepared and packed for each use. Sem perneabl e nenbranes are al so

pr obl ematwo :a®3vhe t wo- di nensi onal nature of nenbranes | PEITES0Y/BI8T72 use to
only a few applications and provides a |imted anobunt of surface area for

i nteracti orpeags SOMPdERY i@t bhearshilll pepaki@as padketiseRchius@nsi onal 5 forms.
The nmenbranes nmust be relatively thin so that resistance to diffusion is

m ni mal . HoveRipermaahls membngnes are also pioblemmptiaiss diedsvordmghsipnal optrerdd nmi nt ai n

opeat ed. RGP er At Bt dod o PR SR A 4 IR IS o7

subj ect to ¢fsogadtdea foE@iteiad@dn Mdohipareti@s e@uifdce b TthiRE-dahdnsivagi a f or
the isolation, separation, or 10 purification of chem cal and bi ol ogi cal

subst ances ouns.eFhsigmbrancamusidiesalaiivgly deso theheesistinegytol diffisientisi ni ti al

efficiency,_red ffectiveness wth use resulti.n rom_ ¢l oggi ng,

undesi r abl em%n‘r?négli? ﬁ?(f‘%veﬁﬁ#’? }nietﬁ[ﬁ 0%]&1 %%_@rﬁlg?svlg dffgcﬁéi?u]f%l@faﬂ} %r%galﬁ?d pr epare,
or a combi nabpbemehehieeh thd Mdmbrahe A66&hoR1dn4in ififdt, MusmAiryfbatdat may be used
to isolate, separate, or purify 15 chem cal and bi ol ogi cal substances from

a nixture bAd@ngeillyalikesimpipfliars, thepases dfirsembianes arg subdect oelhggingt | s
relatively inex i.ve- and.is..easy i ke. apnd.use. = SUMWARY OF THE
| NVENTI ON' TrOBEROB® TP RRiTey S Dyn a7 miy ToEfg edStiop. SOREHOtATs or

i sol ating, pleffRefiémer chepaday ahdBiologsRPaibatah sulfer RitifiEat Aadvabitdbet ance in a
m xture. 20 In sone enbodinents, the present invention relates to a nedium
for anal yziipgluding|liezited indigbeffigisnen iesacedetfechvsacss with aspreaseliing framnet wor k  of

at | east on ' i_ber ... hayj a_derivatized polyneric.surface in a
i gty di sparde SR Frabts e S e A & R SRR TG BT T o
interstiti ar qatbiddionplagsage of the m xture therethrough. The substance
may be a chem cal substance or_a biological substance. 25 In preferred
enbodi ment sThushengadisists fof agprsivie thabrry be usdsdn dendetetseparater orpukifit s of

contact, to pr - tantiall el f-sustai ni.n hr ee- di.nensi.onal , and
subst ant’i al ;9%?‘%; réc?bl?%é ?ﬁau ufbgl%élﬁ ystrat QIXWﬁegbyn%l%}&EPtEIWQm%tr & Cconpri se
a second quimﬂﬁg,idfboﬁith@trisaaataveg)@meiﬁwsm@@dis%sm Ril@wndes@ second pol yner
surface having a different binding specificity, affinity, or both. The

second pol ynmer surface may_specifical MBO bind a separate substance in the
m xture being trBaSEARXAQF tHEEHBYYENT net wor k nay

The present invention generally relates to a medium for isolating, detecting, analyzing,
separating, or purifying a substance in a mixture. ’

20 In some embodiments, the present invention relates to a medium for analyzing at least
one substance in a mixture comprising a network of at least one polymeric fiber
having a derivatized polymeric surface in a highly dispersed and randomly spaced
orientation which forms a tortuous interstitial path for passage of the mixture
therethrough. The substance may be a chemical substance or a biological substance.

25 In preferred embodiments, the fibers of the network are bonded at their points of
contact to produce a substantially self-sustaining, three-dimensional, and substantially
water insoluble substrate. The network may further comprise a second polymeric
fiber as a bonding fiber or to provide a second polymer surface having a different
binding specificity, affinity, or both. The second polymer surface may specifically

30  bind a separate substance in the mixture being treated. Additionally, the network may

further comprise derivatized beads which may have the same or different binding



further conprise derivatized beads which may have the sane or different
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openings in a die, collecting the fibers on a continuously moving surface to form a

20 highly entangled web of the fibers in the form of the network of highly dispersed
continuous fibers randomly spaced primarily in the direction of movement of the
moving surface, gathering the network, heating network to bond the fibers to each
other at their points of contact, and cooling said network to give the medium. In
preferred embodiments, the network is heated with steam.

25  In some embodiments, the present invention relates to an assay matrix for a chemical
or biological assay comprising a specific binding agent immobilized on a medium as
described above.

In some embodiments, the present invention relates to an assay system comprising the

assay matrix of the present invention. The assay system may be an assay tray, a

30  column, a hypodermic needle, a membrane, a microcentrifuge tube, or the like.
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Alternatively the substance may be isolated, purified, or separated from the mixture by
20  specific, ionic, or covalent bonding to the medium, the crosslinking agent, the specific
binding agent, or a combination thereof. The method may further include eluting the
substance from the medium.
It is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory only and are intended to provide

25  further explanation of the invention as claimed.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a medium for isolating, analyzing, separating,
purifying, or a combination thereof at least one chemical or biological substance in a
mixture and methods of making and using thereof. Specifically, the medium is a
30  polymeric fiber that may be used in various clinical, diagnostic, medical and research

methods and systems.



met hods and systens. 5 WO 03/031978 PCT/ US02/ 30872 The nedi um of the
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The polymeric surface is then reacted with a crosslinking agent which may be a
20  specific binding agent or used to bind a specific binding agent.
As used herein, a “specific binding agent” is commonly known in the art as a
“bioaffinity agent” and refers to a ligand or a receptor molecule that is specific for a
- given substance. The most common receptor molecules are antibodies and specific
binding proteins known in the art. Receptors are characterized by having a reversible
25  specific binding affinity for a ligand. The ligand may further comprise a detectable
marker such as an enzyme or a fluorescent tag that binds to the receptor molecule, the
ligand, or both with substantially the same or similar specificity and affinity as the
ligand to the receptor. Suitable specific binding agents include antibodies and
fragments thereof, antigens, polypeptides, polynucleotides, polysaccharides, lipids,
30  and the like.



30 and the like. 6 WO 03/031978 PCT/ US02/ 30872 The specific binding agent
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i mobi | i zedneshumiad thaoprpsent inyentian erhejbirdingimag & tamproray or adyswsihde bvn,

covalent b i i neconpl £xi n or onbi nati on .t hereof .. See, for
cvaapt o o ARbRSonlIRE BE RS Bt in fan SRR B Rt RBRE B s S0%, ("
4,401, 765, HndidpmiYDe pdinlHen R QrreverbR. ub2g a RofiAkiAS deent SCedRNESRl

5, 262,297, 5,599, 667, 5,637,508, 5,861,319, and 5, 993,935, all of which 10

are her éi n methedsdor whisH asceplef arodessle driigah@ran kainimadtifzed g thepelymeriei n, a

"crosslinki nt" refers 1o an agen at ..may._be used to link, attach,
or oot | 108" BGa EBET ah@et PR b PR BE B P R Pk B yner | ¢
fiber acceobgibightion thdteofPISes gL cxafip®d) . OMPatAINIR. TROES 1, Bkisgggagent s such
as glutaral dehyde react with the am ne groups of the specific binding

agent and thEB31atA04.284 30t 411, T09e4.#55.700.4EHM.000; $.065169,6.804i%68bl e. Ot her

eactive agenie Khan e hepenes o B toorsth 1ot e 285 G R T oy

suber at1e oraréh#reinintorportart biireldicpce mnbeit Betikiyke. Al ternatively, the amno
groups on the polymer surface can be attached to the carboxyl ate groups of

the speci fAcussihgiony aagestlinkiigrgent’ aefsts talzh agend denmeay dacisedts lindy bodi | mi des

or 20 carb diimdazol es.. The craosslipki.ng agent. may be. added.,before,
o th or ar carEg A REHER e ENEEARE ) B MR LSRRI Gogh | ecs
pr ef er abl e aceor@f@ss ke Webdat agaionn @a#ind @tosHitnkisesbeat GREIHANEhAIANGde Pr esent
i nvention. For exanple, a specific binding agent nay be contacted wth the

medi um of #eret ritishe emingeseips of therfedifiz binding agent avd|themmning ghqupeofthsy dryi ng

o 2 RO LA B e
subst ances tiifunegbiadiamingd rfeatdive @fdnts sudH dk HiepBaldby di-as wiessaesatd i ¢ protein
binding is often undesirable, the nediumof the present invention nmay be
treated to dsweiaimidgbsuberincy dmchyhwibedinidate, prdthesilikebiddigimag vy, the
conventi On%;niﬁ'g %&%9& Of-’l ﬂletp%‘layn?errtsurface can be attached to the carboxylate groups of the
specific binding agent using crosslinking agents such as carbodiimides or
20  carbonyldiimidazoles. The crosslinking agent may be added before, with or after
application of the specific binding agent.
Although less preferable, a crosslinking agent need not be used according to the
present invention. For example, a specific binding agent may be contacted with the
medium of the present invention and fixed to the polymeric fibers by drying or other
25  suitable means. Immobilization of the specific binding agent may not be permanent,
but may be suitable and sufficient for analyzing substances in certain situations.
Additionally, as nonspecific protein binding is often undesirable, the medium of the
present invention may be treated to confer resistance to nonspecific protein binding by
conventional methods in the art.

30  The medium may be in the form of a network of at least one polymeric fiber in a

highly dispersed and randomly spaced configuration. The network provides a tortuous



30 The medium may be in the formof a network of at |east one polyneric
fiber in a highly dispersed and randonly spaced configuration. The network
provi des wotognswotis 7 WO 03/ 031978 PCT/ US02/ 30872 i nt er Cirtisay/3sat h f or
passage or entrapnent of a substance. The network al so provides a |arge
total surf daerditieBpath Gt pabdagh of diraphefidfiatsybsihndeN TRk detwd@R alsb pasides @
capable of covalent|y interacting wwth a specific binding agent. The

net wor k conpigedptalsustsee prep spomwhigh Hip RIg@HEYCOT ipterstipn sites arepaldp ofmy be used
for anal yzi . > b | ecy] e, used herein,.-the
terms " analé%gfll%%ﬁygﬁésrgﬁs a‘?@gy Sn%ylﬁgéb Er_fl%(?%é) Eg)elng oJFlfélﬁ lilertl‘g%r,k “d V’t”élgltgi%h%m}é

" measur i ng"hindiag pgerad in@obilizéalthérbyh RAY be LOSISRY hitdyzinD4d subsehes eh es h zi ng”

the substance which may be known or unknown. The polyneric fibers are

pr ef er alfl y Bomelsapendstusehberpipihe sarmes “peAlyzieg’| asubpisagesmaydaieteby spi nni ng by
conventi onal. ods, | Ghel NG 8, ngl L ngs . meld. 10. bl,ow ng, or spun
bondi ng orag%ﬁqﬁ{n%o’nsdsebe:eﬁ{ﬁghghgﬁgﬁg%én%rp%ragiggnnp?]lgfyl(%l Weatq‘sagﬂligrfnolrng or cold
drawi ng. Preheneabliying? the spbdtyEe kihichi mhebskivn smd@nbynmel t spinning. The
polynmeric fibers may be nmono- or multi-conponent fibers such as bi-, tri-

or nore. THE NobYYeRs fibers pusavefeighly bitsemppresnd &xerpgpleginnohmaisdibersrel t

bl owi ng" or "ﬁg!iq . . ng" Ny i a network of highly dispersed
and randomnﬁasp cgﬁﬁgbﬁ(’) ynr\r%ﬁfoglajﬁg%tzlr&slé.’ %hl%éu%%whﬁﬁweﬁe%e thermal |y

bonded iont ®lewihgsor iin Soagiag of solgidntpinhigy stich As arynpainifHostes ssieigas hot
air or steam  Various comonly owned prior art patents clearly show and

descri be pretkdawing. Frateeably, iy robanericiifesss anganagsbameelispitngeg. ftheni ng a

t hr ee- di mengj SR ' s - t ai ni supstr.ate defining a

tortuous pgst% W%C pasé%lggtogﬁl Ogle?rﬁrlﬁ‘%iﬁlrﬁ )%fpg?lgﬂgg% ansélf ¢ #r;léﬂah?r%rgrei n the

substrate coEpolpesiafites way kheabofidsddadoyveRRGEEI mAOb ¥ WaIg or f‘%ﬂﬁr s bonded

at their points of contact. For exanple, reference may be nade to U. S

Pat ent Nos.bogdmgy teeBpiquessigipaneiyspik ofJushly digpersedhandg ol ssaced ssued

February 2 , i r h_of ich.are i.ncorporated herein

in thei 1¥ éy r?%@?%%yﬁﬁéf‘ﬁeg%é%%‘?éﬁt@%ﬁ é%ﬁ%glg %Heyv%)rngaﬁlﬁ:rit(i) %ﬂesérfed Sﬁ%ﬂ’? %ubstrate

from nel t - trovre2bithiateaponrskudh Reobsair ar geaher red process for the

production _of the underlying or untreated substrate according to this

i nvent i on. YOIoYaFeEPNE; OWpRdgries et pateyys Sleapyshew angdessrinoprefegred (' 181

patent), | : . ) I re.of which i l S0

i ncor por at Z’Z&%esrlg% %%;ﬁl%lqﬁ%sang %B ?a?g[%l %/ ,Po‘%vt\ﬁllgr?lg% %%%e%gnensmngl Subsstal%miy
self-sustaining, substrate defining a tortuous path for passage of a fluid mixture

! (@]

20  therethrough, wherein the substrate comprises a network of randomly spaced
polymeric fibers bonded at their points of contact. For example, reference may be
made to U.S. Patent Nos. 5,509,430, issued April 23, 1990, and 6,026,819, issued
February 22, 2000, the disclosures of each of which are incorporated herein in their
entirety. These patents disclose the production of such substrate from melt-blown

25  bicomponent fibers, a preferred process for the production of the underlying or
untreated substrate according to this invention.

Of particular interest is U.S. Patent No. 6,103,181 (‘181 patent), issued August 15,
2000, the disclosure of which is also incorporated herein in its entirety, wherein a web
of mixed polymeric fibers can be produced and steam bonded into a self-sustaining,

30 three-dimensional substrate to be treated in accordance to this invention to form a

medium for analyzing chemical and biological substances. The method and apparatus



of m xed polyneric fibers can be produced and steam bonded into a

sel f-sustaining, 30 three-dinensional substrate to be treated in accordance
to this iwoeaansmto forma nmnedium for anal yzi ng chem calpCarusobsmingi cal
substances. The nethod and apparatus 8 WD 03/031978 PCT/ US02/ 30872 of the

* 181 pat entoftlan‘ 1RO paeat cumi han mumﬁbmofvelbrbﬁﬁﬁiquqioyﬁﬁéﬂocﬁﬁdré}ﬂ[e%urfadfte ofur f aces
of sone of Wmch can be derivatized or. nodified, with different polyneric
fibers funcPMSATGItcasdiedierivatissd oy medifieds Wﬁhﬂyffq@t@abﬁnwﬁ@ﬁmat their

t f c
e R B R e N
a rel ati velpolyneinss may be pjrofipoigt pellyeictialibetshie whadiethashearmaf Hsé er ent

from the bonding polyneric fibers. It is even possible, using the
t echnol ogy %fvetked of grodifiadend the eprp ISP Valy iRAPERS SBD OGNS Fiaesta!

01 COMPONeNtnpOIITR! bEaiRSl BolBISohRL 681 A AL gk 11 bers i the same and

the sheaths are dlf s each of which may be

deri vat i zedt Breva®posaitilé, |ued1gtt1@e et lablyfolf eieeB1 paest, aNgrodudeh difdinitwsbe. Thus,
the sheaths of the polynmeric fibers may function both to bond the

pol ymeri ¢ fafpaxed ‘P%@é‘?ﬁ’é‘?ﬂt Whlé@@ﬂ‘? Iﬁé?’fsé‘@ﬁﬁe thp COI‘@(ﬂfﬂ’é@tﬁbQﬁﬁt i ﬂé@ sgtgLnd por ous

Wil e the orenent| one provi pre gquesand

appar at wsesnddified b Hind fﬂf&gertt hebmbéslﬁlasmame H'Qhﬁd,l Hﬁetslhaétﬂs @H theygsly@eKc of the
medi um for anal yzi ng chem cal  and bi ol ogi cal substances according to this

i nvention, fBeRaRanBnctipmbolh toperdiss p?ﬂqmeﬂéélhﬁl@|t@@€9hqr§v1@rﬁaﬁhpmw@ @nd may be
readily ad%BM?lgt dﬁl %ttﬁlﬁ ggﬁ%gﬁﬂsﬁ&e(ﬁkd Hﬂ'ﬁaegﬁqglﬁ’%mg fat %eh& oRt glﬁ)%&%lcé i vention

by those sKki e polyneric presen T ivent i on

pref erabl y acnixpirese thernoplastic 20 polyners The SU|tabIe pol ymer s

i ncl ude hydrocarbon resins, polyam des, gethylene pol yvi nyl chl ori de,
CEs

and pol yest'ghide theaf Q?ﬁlﬁle’étéo@éﬁ’&e?ﬁﬂ%‘”@i@ﬁ CHpsIghEdsapphraasdsfoene,
propyl epe, Kb BE B ﬁ{]li% étﬁ)sﬁl:fté ?lhnei%vgw Stitfre Ah: tal%cﬁtzq%g chen}lcal

et hyl ene-vi ny cetate, ene ne acrylate, po ys

pol yet hyl enad btcﬂo@pdltshbdtaices a@@fdjllingTo)thle ﬁlﬁ/ehﬁdilgmm’ﬁéﬂ&}eﬂtl&omf]ﬂodé%ihg/at i ves
thereof. In preferred 25 enbodi nents, the thernoplastic pol is a block

copol yner ¢§chpslogy ésparV@Flé}élF &Hﬁi B3y be Wﬂshé@‘ﬂ%‘i’f“’éirfér Hheingedugtianphiae H@dﬁﬁﬂ as
Capron(r) hyefd %;}Eéreg} %nggﬁ &ﬂayt‘BBse SRR WL O et hyl ene and nethacrylic

acid, such as , I'nat1 on ereof O her
The polymeric fibers of the present invention preferably comprise thermoplastic

20 polymers. The suitable polymers include hydrocarbon resins, polyamides,
polyethylene, polyvinyl chloride, and polyesters, or can be copolymers such as
copolymers of ethylene, propylene, ethylene methacrylic acid, ethylene acrylate acid,
ethylene-vinyl acetate, ethylene methyl acrylate, polystyrene, nylon 6, polyethylene
terephthalate, polybutylene terephthalate, and derivatives thereof. In preferred

25  embodiments, the thermoplastic polymer is a block copolymer of polycaprolactam and
polyethylene oxide diamine, such as Capron® hydrophilic nylon, or a copolymer of
ethylene and methacrylic acid, such as Nucrel®, or a combination thereof. Other
suitable polymers include Surlyn® (DuPont) and cationic di-polyesters.

In preferred embodiments, the medium is a fibrous medium comprising a plurality of

30  polymeric fibers having at least a surface of a copolymer selected from the group

consisting of nylon 6, polyethylene oxide diamine, ethylene methacrylic acid, and



sui tabl e polyners include Surlyn(r) (DuPont) and cationic di-polyesters. In
preferred enbodi nents, the mediumis a fibrous nmedium conprising a

pl ural i t ywofo3/0307¢o0l yrmeric fi bers having at |east a surfaeeTafSoza3usepol yner
selected fromthe group consisting of nylon 6, polyethylene oxide di am ne,

et hyl ene neddagdstniapiohs tiredodt, TAOPolImEE: BB 3kY BB bBRdéd USRI BPSHR of eatditnat i ons
thereof. The polyneric fibers nmay be bonded at their points of contact to

f or m i nt er coARBE I HEOEsiRaRAsSTEED fFoBECEAd ta Bertier oF resxantpdn thepdwplie, t he
plural ity Qi RIS Ifn'agﬁé Sl ?r?an towélﬁ%n@”m ! eé?r?){‘n"aesff}iﬁn%%?' ranner

froma spinneret onto a conti nuous ving surftace or mtan ent angl ed

fibrous masstowc@itint@ysihenovinLCair-RBsRrfon b elafgded HBrope nasBvhich idydes to
each other and thereby forma porous sheet or pad. Alternatively, a

bondi ng ‘ageittenderpd krbendcbe pelvaiesd fbgrsde gacheils and divagby framaeproupslheeh nass

of polynerig fib d L hei r I nts. tact_into a.three-

di nensi onal S 3#10%2@%%?}?%% %@#I}dﬁll&né@fe%ﬁﬁweulgg(grp%%%h Cyoarnyp?gg‘éegagn%f a mxture

t her et hr oughanntOinih1& niieeo LBl phetih Bbds BGRIY at MR PbiBNoNRYtLOMRY 4 heced
plurality of polyners. For _exanple, the nmedium nmay conprise a polyneric

fi ber conprdiBiepHOTMParoussedime defpung airtugps pab OrdFige ARy MEVMWSr i se” at | east
two pol ynertilgre{h&&%hs having different polyners. The nmedi um of the present

invention conprising a plurality of polyners may be nade by any

convent icon&alherastien.of He preseatinventicii mhyeasiprizo @ phabifRITipe1yimdae rFok5
conprising a first poég\;rrer may be gathered with at | east one polyneric
fiber conpPr@Pkgths mekiwramapysiopnasisc ppplymstic Sipet ¢qreprisiegmorattiapenssed t hr ough
sequenti al i i I m.a. cont i NUeUS

*hreodi mertSTRa PG AR 0P8 ph Ol PR 1 1t

pol ymer anchodymdreaShe pR@iup0sL the Prevént ihv@ntiGrecsanstided ¥ pREalityf BEpddahatEer i C
fiber may be a bi conponent polyneric fiber forned 20 by any conventi onal
manner. ForM@kepade Dy iy aonpeBiopaliasmehof g eepmplef pidesst pagpolpmeny filess a

sheatn 61 %FhShuto Ry A L8, L. 5y RSEARY HE i o, o o
pol ymeric  doidpeising @rgecdrsl podyraerd ihtosd ropQiky BEdpeintl hagsed e gi0scageimibl i ber
conprising a second polyner. 25 In sonme enbodi nents, the medi um conpri ses
a m xture ofeag-ieatingnd seelnessoscs fosorm pgonigmops fised-dimansigad fibeousave a
plurality %e(ﬂﬁrﬂ ‘ﬂb&ﬂg%{ feia_ﬂiotnia ﬁgrtiotﬁi o?%qufsts;poqﬁh&j aglidtait st e portion of the
second polymer. The polymeric fiber may be a bicomponent polymeric fiber formed
20 by any conventional manner. For example, the biocomponent polymeric fiber may
comprise a sheath of a first polymer and a core of a second polymer. The medium
comprising at least two different polymers may be formed by bonding a polymeric
fiber comprising a first polymer with a bonding agent fiber comprising a second
polymer.
25 In some embodiments, the medium comprises a mixture of different polymers that
may be functionalized to have a plurality of binding affinities, binding specificities, or
a combination thereof and may then be used to analyze a plurality of substances in a
mixture. For example, a medium having a mixture may comprise at least one
polymeric fiber comprising one polymer and another polymeric fiber comprising a
30  different polymer. Alternatively, derivatized beads may be attached, immobilized, or

combined with the network of the polymeric fibers to provide a medium that is a

10



a conbination thereof and nmay then be used to analyze a plurality of
substances in a mxture. For exanple, a nedium having a m xture nmay
conpri se WD 0B®a®rs one pol yneric fiber conprising one pol yagrusanshsanot her
polymeric fiber conprising a 30 different polynmer. Alternatively,

deri vat i zegh;RRadst theyo1P8eRs HB&Hasd béaEDOE bbwed ihedolyendiibasmelt h t he

network of the polynmeric fibers to provide a nediumthat is a 10 WO

03/ 031978 P@IPIISORE NS AT polyimer ané thefbepdremprosampisec diffrenktyanel beads. Of
course, the polynmeric fibers may conprise one type of polynmer and the
beads nay 8813%6 'se a different type of polyner. The nedi um conprising the

polymeric fohBefedRin édiSprin @b :pbwicqmey@iem& plukdlg bSpéTenerid fibeshewymed into

a continuous three-di nensional shape which may be inserted into a housing
t o prov§ debafaroet igos cpatitvoie thrpedsugpsiont! shaps whigh aayherivieHedUtin2 The

t hree- dinensi.onal shape be sel f-supporting. | oul d t hat
the nmedi um 8@ pr?)vr“zg%fﬂqﬁﬁ%mgﬁ?‘&%rrpwgf% a%’%ﬁﬁe&h?r%%ouﬁiyﬁggﬁ% gd shape.
For exanpl @iméRRnRhYiEhhe be §dIRSppBFinE MMbKIdFRNRA] thex tHE thetlithPohe 0l umar
shape that may be inserted into a 10 colum for use in purification and

separ at i onprestitéaientiThmaynbdfarmedeytolsay totived ghapenther gxasaples thapolmyripe

inserted into mcrocentrifuge tubes or. the | I.s of sa lates. The
nedi um may %‘%EI ?rﬁhbéﬁﬁmﬁy&’egg%%d;@&f heumady Sﬁgpel t_ﬁ%teIP %ygq?s]e V%? PdiO&E ervoi r of
a hypegler ghenheBah® in pHeSRdH WAl RBPArdRnHARE, Tt e hiaydadofmgdul ar or
irregular cross sectional bonded fiber shapes. Cearly, the variety of

shapes i n wip discs thet ey bethiseadohta hisrgneakidirge thbrsenithovwchagl dseayrdtited i s

i nnumer abl The. nedi u f the present_.inventi.on y_be used .to.anal yze at
| east one ?@Bé‘l@ﬁ%nﬁa}ﬂ be Orﬂ:_iegt“ﬁ‘g@ _peptggtsrfl?%be[ lﬁéelﬁ%a_)%?tﬁraemf‘wc&ﬁ%at he

net wor k or p A6icinRe1E hehSelMEEmM b8 forhlR@ K6 hoedd dndedolel orBEdfarf | ber .
The medi um of the present invention isolates, segar ates, purifies, or a

conbi nat i onrashesctofial hosdddsibensleapsy. Plepdy.chg vasistyt pas, injvdnehcthe 0 bi ndi ng,
coval ent bindin ecific bindin or. . a combi nat i t hereof. The substance
bound of ¢ PREBEACEPE R Haa R hag 8 il OBy $h o mi ming i te physi cal
char act eri ghiasedi@h6the pleseManAmtioh nfl e lisedb dolkyhe Rasad ofdsubbRn@MSI cal’
and chem cal characteristics of the derivatized polyneric fiber used. The

subst ance mayixbee byipaskiog theamatyredbropgh themeerrrk onentzrtingdismiviuteathar t such

as | noa%ﬁea&/erir\rfgtgz% %%ly%{]e%czﬁ%eﬁ le'ﬁ:é medium of the present invention isolates,

separates, purifies, or a combination thereof a substance by physical entrapment, ionic
20  binding, covalent binding, specific binding, or a combination thereof. The substance
bound or trapped by the medium may be analyzed by determining its physical
characteristics, chemical characteristics, or both based on the physical and chemical
characteristics of the derivatized polymeric fiber used. The substance may be further
analyzed by conventional methods in the art such as immunoassay methods and
25  HPLC.
The binding of the substance to the derivatized polymeric fiber may be reversible or
irreversible. Ionically bonded substances may be easily released from the interaction
sites of the network with a dilute acid or an inorganic salt. For example, a dilute acid
solution may be used to elute a given substance from the network. Additionally, the
30  substance may be released by an alkaline metal carbonate or hydroxide. Thus, a

substance may be isolated, separated, or purified from other substances, such as

11



The bi nding of the substance to the derivatized polyneric fiber may be
reversible or irreversible. Tonically bonded substances nmay be easily
rel eased Woonist9e8 i nteraction sites of the network w th &carusor/sosari d or
an inorganic salt. For exanple, a dilute acid solution nay be used to
elute a gi ¥eMasuRstahEEontdcAl hRaxRes ¥od olumsdtichippRalsl the sfitndlargiubst ance
may be rel eased by an al kaline netal carbonate or hydroxide. Thus, a
subst ance netai@antsorigt thd desepiaednediunpef tha preserddnventionm. ol heesubsighen nces,

such as 11 WO 03/031978 PCT/ US02/ 30872 .contam nant.s, by cont ing a

it ur e or CHPIEBAIP| RGO SPREHO E TGy S oSG 18 SRR ETANTE Wi th ¢ he

deri vati zedyXratigml efutibR g1l RAbwh My 8Rtkion. The substance or contam nant
i zed

bonded to the derivatized network may be eluted in a manner simlar to
convent $ on&leaslyuthieoredimen hide pkesentinientiohds ewttemely Gresdile ynd mpebaresgilimn of t he
present invent.ion islextrqulé Vers %Iﬁ and may be used in..a variety of
appl i cat i oﬁé’a?lﬁtﬁ' of anlicptiong forisplape figtec ’ﬁ%@i}%li‘/ﬂé%’ SERP AT ipHﬂf,ylrb%ﬂPf?yi ng, or
a conbi nath QBN 8Rfcof DRt ARGE S fhy éﬁ%ﬁmh&ﬁa@licﬁﬁb i@MRlel cations

i nclude diagnostics such as colorinetric and di pstick assays for testing

sanpl es sudingasstigs sumd, as chloviotricand dipsisk absags foy tdsting samples sugh agutiest i on,

nucl ei ¢ aci etectjo nd rification, 10 and .gnal ytical, chem stry

prepar at i ohfjoé)ﬂdaﬁ‘?thﬂg’tog]& Qgﬁﬁ’ Vl@i@?te?tbqn’ BYCls Ia‘él,%%é 1on ﬁ}ﬁ%&{g Rﬁ%r?’

5, 656, 4418 and a1 GRAl &%ﬁlist%r@pré?ﬁtidﬁﬁrﬂfbhf&ﬁatbﬁéﬁlyn JeBCRF BRAAIE AU BY

reference in their entirety. The follow ng exanples are intended to

i |l ustr at ePbignt Nos. 5t656)448iand 61667976 crtth ofiwhich Brethesgip lincotpavaiedibyd of Maki ng
Pol ynmeric Fiber an hNetwork Thereof A. Nucrel(r): A bi-conmponent polyneric
fiber with EHBENNYGr BIPLYon the surface. A bi-conponent polymeric fiber
conpri si NgTRe $NEATAg Sfanth160RL It ERIcd 96 iR BREnARSin@CGh8BIeASsY | | ¢ aci d and
a core of pol ypropy%ene was nelt spun by conventional nethods. The sheath
pol ymer conprised about 10% by wei ght nethacrylic acid nonomer and is
com*re\r,\ﬁg ally avail abl e from DuPont undﬁr thle 1t rade nane Nucrel (r). The

undr a yarn was nmade of 8 denier fil conpri sing about 40% sheat h by
wei ght. Leave out nextv&gst 8MNA8king Poleeraiber WA NetwWR ThefoPer cent ,

crinped and bul ked in order to maké a nulti-yarn
A. Nucrel®: A bi-component polymeric fiber with carboxyl groups on the

surface.

A bi-component polymeric fiber comprising a sheath of a copolymer of ethylene and

20  methacrylic acid and a core of polypropylene was melt spun by conventional methods.

The sheath polymer comprised about 10% by weight methacrylic acid monomer and
is commercially available from DuPont under the trade name Nucrel®. The undrawn
yarn was made of 8 denier filaments comprising about 40% sheath by weight. Leave
out next sentence.

25  The yarn was drawn 350 percent, crimped and bulked in order to make a multi-yarn
tow. This bulked tow is then entangled to form a randomly spaced configuration via
high-pressure air entangling. The tow is then rapidly heated with low-pressure steam
in a die, and then directed to a cooled die, forming a highly porous bonded three-
dimensional structure.

30

12



tow. This bulked towis then entangled to forma randonly spaced
configuration via high-pressure air entangling. The towis then rapidly
heat ed wiwb oBosw9Ips essure steam in a die, and then direct @dTiusoz3usenl ed
die, formng a highly porous bonded three- dinensional structure. 30 12 WO
03/ 031978 PCT/ USB2/ 30BydRopiBi®:Hy 8i-cqatpdreh) polpmbiic fbsmatteahinpgtonpeonc fi ber
with am ne groups on the surface. A bi-conponent polyner yarn conprising
about a .40% by wakghtcsheath of  hydrophilic nylon and about a 60% core of
pol yet hyl ene terephthalate was nmelt spun 5 by conventional nethods. The

hydr ophi | i | on_i i all ilable f Al l.i ed- Si.gnal
roneynel 1 g DaEpbTenERTRF Y e e BF a A e SRUEBR ) " i o 1 s
a bl ock copgldyspilichyl RPANMCABHO] 60 3B ThoB RN RN YéroiHhDxk s ﬂie@tfﬂapﬂﬁ- The

yarn was drawn 300 percent, crinped and bulked in order to nmake
mul ti - y&r n byt ewventinngl wethidsd Theviyidepaticandineid comnferiatiyaavedahde sy spaced

configuratipn. via high- 10 pressure ai nt angl i ng. .The yarn s _then
rapidly hed&glggisﬁ%aﬁwrﬁﬁlfpw eﬁéir \%EWaLE%C%CEﬁHA%gﬁt?I&F%@ OEg’%’r 4=of |ess
than about wRickecOREsk aipdlyetid: 8¢ bSKcdRolactBaing ol Bhe 8x e idndinb.or m a

hi ghl y porous, bonded three-dinensional structure and then air cool ed.

Exanpl e 2 TBheRiane oo AaivnG08 ppreBein siimpedindiyliyedeniordeFtdmeke Thwlti-yaot i onal

group density, ~th nt .of carbaoxyl or amin roups, .of t.he . pol.ymeric
Pl bers or kY BPESuRTRRY SRl o Rl Rly FettRinfg et uaTe onal
net hodsioi N grB&uay dir enbitpGhs.i TRd Yafn wabehepUbbiaReheael ivhd Mr 8fedWew 8450
polynmeric fibers or Capron(r) SJES hydrophilic Nylon fibers may be
det er ni ned “Hsnfl§0P Gsor agerip thésﬂl@ma%w'td@ sescadpwkdirepRE tp ¢ haatphosphat e

buffer sol ution whi IS by th |, owi ng recipe: sol yution.in

ot on zed varEPedi B o PR Bl Papo b BE dal il s Gt beRfir 5 7w
pot assi um cJabtydi de (Fi sher, Pittsburgh, PA) and 10 MM 7.4 pH, phosphate
buffer solution supplied by EM Sci ence/ Merck, Darnstadt, Germany. Three
sanples, 10 ng, 50 ngy, and 100 ng, of Kxemple(Z) fibers and nylon (Capron(r)

25 SIEShydrophi I1'c nyl on/ BT}, £ DRLS MLe: LEbLEALEdk R, Successi ve washes

The functional group density, the amount of carboxyl or amine groups, of the
polymeric fibers of the present invention may be assayed according to conventional
methods in the art. Specifically, the surface activity of Nucrel® polymeric fibers or
Capron® SJES hydrophilic Nylon fibers may be determined as follows.

20 In the following examples, PBS is a phosphate buffer solution which is made by the
following recipe: a solution in deionized water of 137 mM sodium chloride (Fisher
Pittsburgh, PA), 2.7 mM potassium chloride (Fisher, Pittsburgh, PA) and 10 mM, 7.4
pH, phosphate buffer solution supplied by EM Science/Merck, Darmstadt, Germany.
Three samples, 10 mg, 50 mg, and 100 mg, of Nucrel® fibers and nylon (Capron®

25  SJES hydrophilic nylon/PET) fibers were pretreated by successive washes with 2 ml
deionized H,0O/10 mg fiber, 2 ml isopropanol/10 mg fiber, and 2 m1 1M NaOH/10 mg
of Nucrel® fibers or 2 ml 4M HCI/10 mg of Capron® SJES hydrophilic Nylon fibers.

Then the fibers were washed 4 times with 2 ml deionized H,0/10 mg fiber followed
by a wash of 2 ml PBS/10 mg fiber. The fibers were then soaked in PBS for about 30
30  to about 60 minutes at room temperature. The fibers were washed 3 times with 2 ml

PBS/10 mg fiber.
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dei oni zed H20/10 ng fiber, 2 m isopropanol/10 ng fiber, and 2 M 1M

NaOH 10 mg of Nucrel(r) fibers or 2 M 4MHC /10 ng of Capron(r) SJES
hydr ophi IWO oBlgs1om f i bers. Then the fibers were washed 4 wPcrasomsasm 2 n
dei oni zed H20/10 ng fiber followed by a wash of 2 ml PBS/ 10 ng fiber. The

fibers wer @htRemacerkerly bNhPEILEBI gm@@ubna&lﬁﬁbré@ Ab9uvabQetefntitid® at room
tenmperature. The fibers were washed 3 times with 2 M PBS/10 ng fiber. 13

WO 03/ 03198 abaut/ 088520 3betD.03THea/ oo rydteatiae end ﬂt@fubfﬁcet HEViERPHBR PII%F oups on
t he !\Iucr e! r(;ugnggﬁ%e?n}\éﬁrl; Fget eargge ed tegt foe%@o%?HtOO?‘th u{ Qoggga%wgbg?’ eq/ cn

by titrati e amine rous yl on

fiber was gﬁﬁgﬂﬁhagyaytagd‘gyu@amt 0 00 1 to about 0.02 eq/cmz by ninhydrin
assay and P[y titration. 5 To deternmi ne the surface activity of the

pol yner § ¢ fliosistesmineathe merfasie apijdiyiod tbps@ynemmﬁbers zvjwtb@\mﬁlqu@mw@)%rhewas

Lﬁ%??i?hﬁé&}ovylﬁéwoté%é Vi e < SHBPERRRE P AR Qe B BfeR 10 o
et hanol , t heendlissBEbY co@pASng M0 KeNerykbsine thex’f?il msmr]ghsbuli’gﬁ PAid00 m  dH20,
preparing a dilute KCN sol ution b%@dl | uting m of the KCN solution with

pyri di ne 1olethaael, den digsolvang@eng N@Sh% 111@@3%11 Pﬂf)éﬁlf)@léﬂ gHeBol sol ution
was added to the utlon t t dr| ution.
Ni nhydrin B P51 ?ghlut\é/alg&s Bgn% dloutm(ﬁ és)rsng gﬁlﬁ:g 1uPé{ ﬁ’ﬁ} {rﬁlgn

(Pi ercep ResldrhdMilwtahkéd) v@@ upto moh@n OthenAhe phéodd @cnducm wﬁsyaﬂilab@tcctuéve was
prepared and plotted for 6-am nocaproic acid (EACA) (Sigma, St. Louis,

MO). 10 ngdilsgdiNaplytiontr siye @amﬂ@:sdrmrA selatipn| Windwilin Bispbitien I\@St 0 be

tested Were ret eat.ed, as scr. b

solution  BRdesa Y ‘%?SOLY%ESrg. %n%‘%%’%ﬁm emevg"“kfcfgo% %O ’F‘?.%tﬁxu el at ed at
100 C for %&ndﬁumﬁ}@annmﬁze v&7aZ r@bre@fanég%t@ﬂ HarehmuRsappeidedid (Ehesanpl es
were centrifuged at 2000 rp or 5 mnutes and the absorbance of the

super nat an{Sigwés 8t Louts, MO)BEIQ migrd 0 g and 190 glﬁéémpbpﬁﬁt}@méimeﬂc'ﬁ%@fsact ivity

in the nkno 20..d d ced r.d.cu .. Further
i nhyartn Roie seRTRET R e SRS T oy sE R BP Y s

hydr ophi | i @nms ganﬁmyaﬁﬂBasomﬁdn ke aM&ll’anH(thén ieghatedwe €0 aoRdUot ed to
determ ne the am ne and carboxyl group density on the surfaces of the

nyl on (Capirohgtey. Saes/7hyld §BHi qtha@owawdpéﬁf he pammetvele centrifygsd ut |
2000 rpm for 5 minutes and the absorbance of the supernatants were read at 550 nm
with a UV spectrophotometer. The activity in the unknown samples was then
20  deduced from the standard curve.

Further ninhydrin and 3H-acetic anhydride assays on the nylon (Capron® SJES
hydrophilic nylon/PET) media and the Nucrel® media were conducted to determine
the amine and carboxyl group density on the surfaces of the nylon (Capron® SJES
hydrophilic nylon/PET) and Nucrel® fibers.

25

14



25 14 WD 03/031978 PCT/ US02/ 30872 A. Ninhydrin Assay The nedia of the
present invention conprising nylon (Capron SJES hydrophilic nylon [/ PET)
or Nucrelwo)3fphues el 535/ PP) fibers were pretreated as folPComsn2aiscut 50 ng
of the nedia were washed in 1 m of water and 1 m of isopropanol. The
Capron(r) SJES 3 hygrpphi biseyNyl on mediumwas rinsed with 1 nml 4N HO, and
the Nucrel (r) medium was rinsed with 1 m 1N NaOH The nedia were then
washed wi t Ahe suadia ofithe pudsettt inventipn oememsisingamdon (feapromBEESantdrorhilin nybEs,

wh o CLBERN BT Nprel SiaRt LR HPRisruere Do 3Rall RARES AR BRALSE % e
used. Sanph@smediiiveR 3892 &I hed $ A escpRshahble ThETzhtonl® STES

pretreatment was done. Al sanples were assg%\/led intriplicate on 50 ny

anount s5 Adyiiepbilis Nylemoedivas was rinsed aathalninh 6NdiGL pad theMcepl@megdiened by

conparison_to a sta rd ,ng._6: am nohexanoi.c .ackd as t andar d.
The result aﬁr“éls%‘{mﬂg i@eﬁ%ﬁ%ﬁ@qﬁ?dlﬁ‘gﬁf%ﬁ? I‘Yiar]}e rw1%%gr %ngo\?ﬁ%ﬁpe
Aver age AbsyINFBE hndfwAinBewA11 18l EED UDurid@HetrBith@he URScohtbhhplignsi t y
nmol/ mg) NYN6 1.104 0.919 1.115 920 18.4 1.322 1:10 (incorp. dil. Nyn D

2895 0. 884 Nylargadigrobs® Wigenlirepd voil7i26l, Ky angthorgwatrol seowle psligated 354 32 0. 64
0.266 15 Thus, e sults for n_D. 2895 89 siml.ar t he
previ ous r%&%é%ﬁﬁ@i Sﬁeé’d WaﬁHﬁth &W?&ﬁ%%ﬁ% I\Efpagggfgeﬁeb%a&?e aflﬁﬁP ‘(%)I d
hi gher .19B. fdlfpAeRkinfentAy déngde Assay For this assay, neat acetic anhydride
was obtai ned from Amreri can Radi ol abel ed

All samples were assayed in triplicate on 50 mg amounts. As before, nanomoles of

free amino groups were quantitated by comparison to a standard curve using 6~

aminohexanoic acid as the standard. The results are summarized in Table 1.

Table 1
Filter Type Absorbance Average Abs Number of amine Amine group
@550 nm groups (nmol) density (nmol/ mg)
NYNG 1.104

0.919 1.115 920 18.4
1.322 (1:10) (incorp. dil.)

Nyn D 2895 0.884
0.486 0.685 58 1.16
0.725

Nyn D 2896 0.190
0.518 0.354 32 0.64
0.266

15 Thus, the results for Nyn D 2895 and 2896 are similar to the previous results obtained
and the results for NYNG are about 20-fold higher.

B. 3H-Acetic Anhydride Assay
For this assay, neat acetic anhydride was obtained from American Radiolabeled
20  Chemicals (St. Louis, MO) having a specific radioactivity of 90 pCi/pmol. It was
diluted 1:100 with neat acetic anhydride to produce a working solution of 10.6 M with
a specific radioactivity of 0.9 uCi/pmol (1.98e6 DPM/umol or 2.2¢7 DPM/ul).
The samples were pretreated as before. For the reaction, 10 pl of acetic anhydride

working solution was diluted to 500 pl of water, then added to 50 mg of pretreated

15



20 Chem cals (St

It was

Loui s,

sol uti on wH 0303B7M wi t h

DPM nol or

2.2e7 DPM ).

MO) having a specific radioactivity of 90 G /gnol.

diluted 1: 100 with neat acetic anhydride to produce a worKking

a specific radioactivity of 0.9 ECKrsh2/§B798e6

The sanples were pretreated as before.

For the

reaction, LOmfle. hedgiRlh& wad hedhiteteat r¥&th @rl&ﬂarﬁﬁfe‘%'t OhoWRSwig dotigebuso 500 |
e

of water,

t hen added to 50

nmg of pretreat

sanpl e. Theentixthakimgwdde rerctibasadtien waoemovedpet thew the samplowisougssedy t h

cont i nuous
sanpl e was

entl e shg
SHBEPPIR

ip

25 30 fes

h.

LR e

l.uti on.

HEReS Y

R

d then t

with 1 m gfsM&ated satbles WRSHESNBA] TRAPIPALE FeadBER &Y AbRSwithSP i Lateach

reactions were done with 50 ng of each 5 type of sanple.

i ncor porat dypewdsempleen cal cul ated fromthe detected radioactivity in

conj uction
of the

acetic anh

sci

AR B
Tabl e 2. T%laigﬁct?o&nﬁk&
H (pnol

Spaeiic

Thdigdctivity ad @8
reactivity nmol

Nucr

Bief o 0% lbereapatug
etticYihtvn e &ERMEn
ucrel "1 6,881, 164 6. 88

el

15 WO 03/ 031978 PCT/ US02/ 30872

he

en 3 tines
The m cronol es

fticiency

%rized in

of nol es

138 Nucr elscintiltatogdcogater 10.08 CPAMDPM)e g eestlto 8, su9@n6ize8 il FblCapr on SIES

Nylon 1 53,894 0.053 1.06 hydrophilic Ngbepm Nylon 2 61,160 0.061 1.22
Average 57, P7GapRamel. 15  Ifhalkhus, [tlaRadiugEANM)C) Nivesdt & melePgar bdatidx@h nor e
than 100-fo|ld nore reactive, substitution l'evel |of apguiol) 140 Mpdacpy Ny
sanpl e, thap the nylon (Capron(r) SJES hydrophiljic nylon/PET) peding) The
assay was repeaipere Th newngg@dp! es [ands gass esul ts agg sunmari zeggl n Tabl e
3. Table 3[Sanplre Name [Tri afcéf2Radifoact pgfighy NUNMOEr Qjg nol §S acefgpcC
Average 6,981,493 6.98 140
Capron SJES Nylon 1 53,394 0.053 1.06
hydrophilic Nylon
Nylon 2 61,160 0.061 1.22
Average 57,277 0.057 1.15
10  Thus, the Nucrel® media appear to be more than 100-fold more reactive, substitution

15

level of about 140 mmol per mg sample, than the nylon (Capron® SJES hydrophilic

nylon/PET) media.
The assay was repeated with new samples and the results are summarized in Table 3.
Table 3
Sample Name Trial # Radioactivity Number of moles acetic
(CPM) 3H (umol) anh.reactivity
(nmol/mg)
LDPE LLDPE 1 60,611 0.056 1.12
LDPE 2 87,885 0.081 1.63
Average 74,248 0.069 1.37
Nucrel 2893 2893 1 6,566,192 6.080 121.60
28932 7,475,191 6.921 138.43
Average 7,020,692 6.501 130.01
Nucrel 2894 2894 1 6,180,780 5723 114.46
2894 2 6,445,982 5.969 119.37
Average 6,313,381 5.846 116.91

As shown above, the results (Table 3) with acetic anhydride are similar to the previous

results (Table 2) obtained. The control provide the expected result and reacted at a

level of about 1% of the samples.
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(CPM 3H (pnol) anh.reactivity (nnmol/ng) LDPE LDPE 1 60,611 0.056 1.12
LDPE 2 87,885 0.081 1.63 Average 74,248 0.069 1.37 Nucrel 2893 28931

6, 566, 192w06.00889121. 60 2893 2 7,475,191 6.921 138.43 Avecagsoy3@d2n, 692

6. 501 130.01 Nucrel 2894 28941 6,180,780 5.723 114.46 28942 6, 445, 982
5.969 119. 3d adAueli edraétink3itB 8hirfes BB bhidk, dithyAsdsanwrebaitk alcbhelsr esul t's
(Table 3) with acetic _anhydride are simlar to the previous results (Table
2) obt ai nedo forpeestaht T@Fes%?@ﬂoa%blﬂlwéf@ﬁtﬁ@@maﬂweé@p LCHHHIHEISNEEH at a

| evel of a 0 n 0 I n

addi tion tgg#gegé{ {lﬂ%ce\t/t\ﬁct ggnpdr?gagldFéag?e\c@%nggé#%ig?e%ad;%yéﬁﬁd%%ﬁ%%areact wth

al cohol s  tsampRs Mae $ictted withos (0 Htof Il M NaOSb athbbmnttympératsd fir 1fheuneltieon,

duplicate sanples were reacted with acetic anhydri de and washed as before.
Then oné ofsample s themwpshed 3 tiapsovids | Wl of wiates ey thepaH vesbes andmantplg NaOH at
room t enper, re f hour.. .Th -%%)]I e [ with 1
m  of vvaterV%é% %Pﬁée)dr’] Téﬁ r%\}’;l\%tsshaées&é)ﬁvzl 11Ziarrp Z"SV}%ZP é&c%um\rﬁ?ez%.qg?%eélr esyets are

shown in Tafsent ddrbfatigCdhdSBEED Saniilé fvas 88 atiledaim@tedwaish MNaOY. deri vati zed
and the #2 Qamrr_\l e_was_derivatized and treated with NaQOH Table 4 Qarrplp

Nane Trial |[# Radioactivity Number of mol&8 4acetic _anh (CPM) 3H (pnol)
reacti vi t y(nréampldirme Nucr el Tiliérel |1 Radiergity 63 Namber ofg®les o asgficRiier el 2
9,227,104 9.22 184 Diflference 1-2 |5, 17&P8B9 Pef cert (Mmsbrai nji aptiyiterraglimgh| o
NaCOH washes. 3,767,280 Capron SIES Nylon 1 89,483 0.089 1.78 hydrophilic
Nyl on Nucrel Nucrel 1 14,406,763 14.4 288
50 mg Nucrel 2 9,227,104 9.22 184
Difference (1-2) 5,179,659 Percent remaining (2/1) 64.0
NaOH washes 3,767,280
Capron SJES Nylon 1 89,483 0.089 1.78
hydrophilic Nylon
50 mg Nylon 2 54,197 0.054 1.08
Difference (1-2) 35,286 Percent remaining (2/1) 60.6
NaOH washes 49,610

As shown above, the substitution levels were similar to those obtained previously, and
10  again, 100-fold more was incorporated into the Nucrel® media than the Capron SJTES

hydrophilic Nylon media. For both samples, about 1/3 of the counts were liberated

with the NaOH treatment and the difference could be accounted for in the washes.

The 2/3 that remained appeared to be stabily bound by resistance to base hydrolysis.

15 Example 3

Derivatization or Functionalization of Interaction Sites or Functional Groups.

The polymeric fibers of the present invention possess amine groups, carboxyl groups,
or both in a suitable surface concentration that may be reacted with a crosslinking
agent to bind a specific compound such as an enzyme or antigen which then

20  specifically binds a given chemical or biological substance. Using conventional
methods in the art, this method may be used to create the derivatized polymeric fibers

of the present invention. Preferably, the derivatized or functionalized polymeric fibers

17



50 ng Nylon 2 54,197 0.054 1.08 Difference (1-2) 35,286 Percent remaining
(2/1) 60.6 NaOH washes 49,610 As shown above, the substitution |evels were
sim | ar twotlhos®7obt ai ned previously, and 10 again, 100- fPelr@SewsE721as
incorporated into the Nucrel (r) nmedia than the Capron SJES hydrophilic

Nyl on medi gjof®e RAERios BB ARV boil/o? 118 it BcHAHBd Br WR&iddl berated  with
the NaOH treatnent and the difference coul be accounted for in the washes.

The 2/ 3 t hatbstaapei ned appeared to be stabily bound by resistance to base
hydr ol ysi s 15 Exanple 3 Derivatizatjon,or Functionald.zation of

"t er ot | oROEP S Ea BT S A B CHAE: AP YREP LA Bef Bt ¢ ne
present i NYaRsHsRMaPRIREXSoBNIAS Ge@PdBincrie FRAXNMhprii AP BydrofHili®Rflbn I N a
suitabl e surface concentration that nay be reacted wth a crosslinking

agent t6 bishaitlahapegidtive anumpgranes entbh suréacain theaymeanbef Bemiaber OWilch t hen

20 specifically binds gi ven chem cal or. bi ol ogi cal . substance. Usin
convent i on&? abor‘r‘égﬁgd?q/lacﬁltﬁée%ﬁ Wit gro g V%eag?elaﬁ Lfeat e tge

derivati Zeﬁ- El%é%ré.nﬁ ahll Qﬁeﬁsé oRE rdRBvPIRIR M &Wﬁ/@%iﬁﬂamﬁ&gfaﬁﬁ&m ¥n the

derivati ze 1or unctionalized polyneric fibers 17 WD 03/031978
PCT/ US02/ 3@8ataple aff h suitdbiecrdedlmktrigagent ieBE dimérseifo-NIdS-SSaBietio (EXhankyi ven

chem cal or_bi ol ogi cal uhst a . For exanpl.e, using conventi,onal. methods
inthe art ,(?lﬁrcﬁpﬁ%?lidc@! %&Ceﬁ Linjds TaCUNg; BTG AR 2Bt InEP RABlY _S%é? | east
one polymeni it behe 6RMMNKR g UbeRt ANAEBRILLE JWib@Rde AnkheRER AR N active
am ne groups on the surface 1n the amobunt of from about 0.001 to about O0.02
eg/ cn®, i s bictimytated anidtand shecrcadsiciont wigcladisultfidh dinkergs ateavabdsvitloatdeast

bi otinyl ated end and at | east one reactive end being reactive with primary
am nes. An On%keglﬁﬁPg agfly suitabl e crosslinking agent is EZ-1ink

sul f o- NHS- Gign B0l this Chss il reabtidie ﬁ{%ﬁ)olyjﬁ%iﬁffﬁfegs ark Washed #@8ndeBatbd NK 1S

reactive wth prirmary am nes, no catalyst is 10 required. The crosslinking
agent f urt keth steppridmneskaindiphosthiatiee (Pierke Rookfond dh), tiiech bindt thaplotined end

o e el ROl L 8 LU S Lt WD g feost
fibers are syyashiRdiRRdisic-ReYoalad thoVeliitind 42RaVTHl Mol k@ daRRiRhoSphat ase
(Pierce, Rockford, IL), which binds the biotin
phosphatase complex is assayed and the values are compared to a standard curve. A
suitable substrate such as PNPP, an alkaline-phosphatase substrate (Pierce, Rockford,
IL) may be used. PNPP yields a yellow color which may be detected at 405 nm.
20  In particular, the crosslinking reaction and detection are followed according to the
manufacture’s instructions included with the crosslinking agent. The polymeric fiber
is weighed and placed in a suitable buffer with a pH of about 7 to about 9. The
crosslinking reaction is preformed. The polymeric fibers are then washed with
deionized H,O and then incubated with strepavidin-alkaline phosphatase for about 15
25  to about 30 minutes at a neutral pH to give complexed polymeric fibers. The
complexed polymeric fibers are then washed with deionized H,O and the biotin-
strepavidin-alkaline phosphatase is cleaved with about 5 to about 10 mM dithiothretol
(DTT) (Sigma, St. Louis, MO). The supernatant is collected and the substrate, PNPP,
is added. The recovered biotin-strepavidin-alkphosphatase-PNPP moiety is
30 colorometrically quantitated at 405 nm and compared to a standard curve that is

prepared using unreacted strepavidin-alkaline phosphatase. The spent wash solutions
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15 noieties crosslinked to the polyneric fibers. The polyneric fibers are
washed and the disulfide linker is cleaved with the reduci ng agent. The
bi oti n- stwepawsrs- phosphat ase conpl ex is assayed and t h@CraiSor30sar e
conpared to a standard curve. A suitable substrate such as PNPP, an

al kal i ne- phﬁ?%@@s@?&i oy ARhliAd phc(sgila&m@o dReekhetwtiethet Ay omycdvelentyed. PNPP
yields a yel [ow color which nma e detected at 405 nm 20 In particular,

t he crossl bokidmatesalcovisoamaret Bemdbe fiefi. are fol | owed according to the

manuf acture' s .i.nstructions included w cr Li.nki ent. The

pol yneric %int?élfhtmpgl %@h& 8 3h° uﬁtg%ﬁﬁhtr}\lteg’@ﬁ’i’%%%ﬁ‘éﬁﬁ{d@gaelrﬁgw th a pH of
about 7 t opRORHAtaR colfiatedt@ S JoNchdE AitRAGTal ®8 dirscthf &fievieteshd The pol ymeric
fibers are then washed with deionized H20 and then i ncubated with

st r epavh di quatiteied whpiotgahingdbe cosdlinkisg agent 3s 4% nogsibdivviexigo thef Ritles at a
neutral pH_t i C | exed polynmeric fibers. The conplexed polyneric
fibers fargwlﬁéﬁé‘i\@%%gﬁmeﬂﬁma@?%%f‘zed H20 and the biotin-

st repavi di DyglieabioBRinkRSRBAL RABE ad BisGhHoMREinkhidf) abeihie $BEY (Ploeef 10 MM
dithiothretol (DIT) (Sigma, St. Louis, MJ). The supernatant is collected

and t he suBstlkfatd [L)Rxms withgrigepdy amineh en pelbends eija polymeric fiber such as

bi oti n-strepavi di,n-al kphosphat ase- PNPP nopi 1S .30, c0l.Qr j.cally
quant i t at e?gg 0“%0‘%’ dﬁ?ﬁ@hc ﬁ%l?’rpg Sgdtﬁ? a%%"%@%ﬁérhd dRpp \lciheC Itg%lgg‘ﬁlkélj lg;pr epar ed
using ygr egﬁ&@&eét&%@m&@m@dm@wﬁgﬂmh@uﬁz@/m”h% g mnash sol utions
18 WO 03/031978 PCT/ US02/ 30872 may be assayed for al kal i ne phosphatase to

det er ni ne vdeetdperoldiyme Sher ench? ar 0 AWM HEI(IRdngrfiberr i Tienwaslibasoed from t he

fiber. An addit,ional ¢ rol . ma ucted

bi ot i n- st r SHERAI FOE &@F?ﬁ]&f deb?%%%h%%@ﬁgmgg%eﬁggggggﬁj o at%aeSh&g?)fnr%eri c fiber
may be di r egkln Heti@et. erheafitsbrdard Wikt sohlakiedl PBIStfopaoue Be &y ibvat 6Mminutes
crosslinking agent as the possibility exists that DIT wll affect the

al kal i ne- phabwphasaperatysp ol he fibers ersvashed himes st 2sut RBa4 0 mg fiber.

Bi s(sul fosucci njdn.dyl ), .suber at Pi-er Rockf or I ts with
or & ary- amik o 1t HeAE! SHE T R et R S sl R §

hydr ophi | i ¢oybtd suth bShn aﬁtf%n@iiﬂﬂi@fﬁ{ero)f 15B3ES, yteatdtial inetiNdk oithé bdoer is 10
pretreated by successive washes with 2 m deionized H2O'10 ng fiber, 2 nm

i sopr opanolmunpdetédtionof aginenzubgtarge TMy theicondrctag ysingegonvaKonakmethedsper s

vere vashel R o REMRD 550 QRO Rl Lol 01 B 2 e
about 60 MpgHk@Sic fibers having carboxyl groups, such as Nucrel®, may be derivatived in a
20  similar manner as provided above. Specifically, the fibers are pretreated by
successive washes with 2 ml deionized H,0/10 mg fiber, 2 ml isopropanol/10 mg
fiber, and 2 ml 0.1M NH,;OH/10 mg fiber. Then the fibers were washed 4 times with
2 ml deionized H,O/10 mg fiber followed by a wash of 2 ml PBS/10 mg fiber. The
fibers were then soaked in PBS for about 30 to about 60 minutes at room temperature.
25  The fibers were washed 3 times with 2 ml PBS/10 mg fiber. Then a crosslinking
agent such as 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC)
(Pierce, Rockford, IL) may be used to complex a protein to the polymeric fiber by
conventional methods in the art. Detection may be conducted by using conventional
methods in the art such as immunodetection.
30  The surface activity of the derivatived or functionalized polymeric fibers may be

analyzed according to Example 2.

19



at roomtenperature. The fibers are washed 3 tinmes with 2 ml PBS/ 10 ng
fiber. 15 Then, BS3 is used to react wth the fiber surface of the

pol yrer i cwbiobes19amd anot her conpound such as an antigen @cTarsayss7dr | abel
by conventional nethods in the art. |munodetection of a given substance
may be conducted using conventional nethods or kits in the art such as

| mmunoPure(r) DAB (Pierce, Rockford, IL). Polyneric fibers having carboxyl
groups, such as Nucrel (r), nmay be deri Zaimpied in a 20 simlar manner as
provi ded above. Specifi cal IFy, the fibers are pr ?treat ed by successive
washes with 2 ml dei oni zedfH ! iLgasity of bglymerd nol /10 ng fi ber,

and 2 m 0. j ' e & & SviRshed Midd mes with
2 m dei oni%%ﬂé“%%%%gﬁ%ﬁ%eg{g %dv%é %@y@%@%sﬁﬁ*ﬁﬁ ¥ n? PBIS\/6110 ng fiber.
The fi ber shew/PEThere fimak@thihe i8S dndrthelNowt1@chdat/BP out fibérsm nut es  at

][ iog(ran r t e-rrrﬁ 2:(?%&{3(;& é‘?}id}%%ﬁfé Itcl)) g%%ﬁ]’ilv‘lﬁé E@Vﬁﬁ%‘iggale’grglllpngesnsﬁmg/ E)p th% ﬁ@ers %?ﬁ{elo 9
1-et hyl - 3- Q)E'sgﬁtqﬁxtf lam nopr opyl ) car bodi i m de hydrochl oride (EDC) (Pierce,
Rockford, | 3 may be used to conplex a protein to the polyneric fiber by
convent i ondh theeb howlsgiempériracas,tthe Dévehig rempentsywdre usahduct ed by usi ng

conventional nethods in_the art such as i mmun ection_ 30 T surface
activity of theNF&F-Pit; Bédligk Sl snartictay %g%h@}qr@, PioﬁléfPé‘{?ﬁay be

anal yz accor di 1.0 | ‘L ) 0 8¥2 Exanple 4
Funct i gﬁal e} ougﬁ%e{r)lfse)ftl? %?%cl)@;rgrg)rtlﬂ% Eg%%?{se %%ZZ%Oﬁ%%Uggaéfg%é% ments were
conduct ed on Capbuhbr FDAIES-dtylr B HhdiicthyMphiaopropyl$dastadduh?&T core fi bers

(amne fibers) and the Nucrel (c) sheath/ PP core fibers (carboxylic acid
fibers) to det eFMIFREMBEt unctional group density of the fibers of the
present inventi @p,. he . f ] xperiments, the follow ng reagents
were used: NHS- %Po%?dr?; él@?LgﬂhLB%’lq?gNHS- SS-biotin; #21331 Pierce,
Rockford, IL 1ODTPEGithicthreitol; ED-Ri 6kSiBmas $StnLEEE) M@ ne; #21346 Pierce,
Rockford, IL EDC or EDAC .1-ethy]-3-[3-di nethyl amj nopropyl]carbodiim de
Hydr ocHPori de; INBsyS ' ‘PISQ‘WUIE’%EHZ@}C QV%% Slgma=r§t- Louis, E)\XO

as 21N

1. Capron® hydrophilic nylon )
Hydrophilic nylon (Capron) ® is a copolymer of nylon 6 (about 80%) and
poly(ethylene glycol) (about 20%):

0
0
/“\N/Mo/\/ \(02H40)*
0.8

20 " 02
The density of amine groups on the surface of Capron® SJES hydrophilic Nylon
fibers of the present invention were assayed by ninhydrin primary amine
determination and tritiated (*H) acetic anhydride determination as provided above.
Both methods gave similar results of between 0.6 and 1.2 nmol/mg or 150 to 400
25 nmol/cm’. The results were confirmed by acid/base titration on unbound Capron®

SJES hydrophilic Nylon fiber which gave an activity of 2 nmol/mg.

The amount of carboxyl groups on the surface of Capron® SJES hydrophilic Nylon

fibers of the present invention was determined using '“C-methyl amine, condensed

onto carboxyl groups in a two-step reaction mediated by 1-ethyl-3-
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DIT; dithiothreitol; #D 9163 Sigma, St. Louis, MO 15 DTNB;

5 5 -dithio-bis(2-nitrobenzoic acid) Signma, St. Louis, MO 1. Capron(r)
hydr ophi I'wo oagsdm Hydr ophilic nylon (Capron) (r) is a copmb;rmsnz/mmyl on 6
(about 80% and poly(et hyI ene glycol) (about 20%: 00 NHDO"

\ / ~(C2H40) gﬁ@&@lﬁmﬂoﬁm hurstemigh ity (B0 A @MafieN gyt gsidfo-duteingnidé ace of
Capron(r) ES hydr ophi FI c Nylon fibers of the present invention were

assayed by(NHﬁhydrl n prl mary amne determnation and tritiat ed (3H) acetic

anhydri de deter.m na v abov, Jp lar
results of 8105@]@& ﬁﬁ #‘pgl %qlﬁﬁendgrgw ngegjg g’g’g 9?\1 i The
results Weh?etmaﬁﬁﬁmﬂha gifieldagsetvitytofaDi A1/ Rib1U [B@ﬂjiélthe@swyoﬂhér) SJES
hydr ophi lic Nyl on fiber WPII ch gave an activity of 2 nnol/ng. The anount of

carboxyb gfidessvern ptdﬁ@twawﬂé?@éhmarr@aiprlmﬂfrvyassgﬁgeﬁy@ﬂ@&hﬁdm& Nyl on fibers

f th t t d 14C- | d d
ont o car boRPr BB A HOpTBeT et Bat B et S e By BBy %50 Vo
03/ 031978 RO SOR 308 Foyg SRS B1V00E AR KGEY DM 4 EDAIorand

N-hydroxysul f o-succi ninmde (NHS). The original naterial as supplied by the
vendor (| Cthd ERAGENHSAplujies V@S@dﬂ%ﬁt’p@hcfbﬁltern’élﬁhwcuhﬁis%ét TRPRHEEPEHEES f i ¢

di & 5L
bre- aoti vate Byodnat b ibupf Sust, Ay dEE R A Nad 3 pe WA BS e i monc s
(wat er ol S%HnQﬁﬁﬁ@& T eyl Mﬁ%,wmu@tredb hﬁﬂ'mgBSﬂl (0B gl(ﬁf W88 =g of EDAC

solid and 80 V\ﬁre dissolved in 4 H4.5. 2 nml of
t he EDAC/ NHdeé RM)@f] (ESNH de b tlbW@talthTH@l 10041, Ofﬁﬂb‘ﬁdmlﬂbﬂaméw védS r oom

t enperature r a washed 4
timos. w tn i sPoiat Pab At i Ak terhn Tk Adsehb! LR RR . a by
adding 5 | soRtien Has added 5 AR fiffer. lﬁfﬁbr Q@nﬂf’%ro@fn téﬂ@sﬁhﬂr@ th@reg&lc@ wat er. The
100 | of diluted nethyl am ne was added to 400 | of 100 nM sodi um

phosphat e, spiHtign was réneevedhéies ¢ fiier ghashedithise €3) times with 1 ml PBS, then three

15 (3) times with 1 ml of water. All washes and the filters were counted.
The picomoles incorporated were then calculated from the detected CPM in
conjuction with the specific radioactivity and the 14C counting efficiency of the
scintillation counter (0.73 CPM/DPM). The Capron® SJES hydrophilic Nylon fibers
were found to comprise 1 pmol/mg of carboxyl groups.
20
2. Nucrel®

Nucrel is an ethylene / methacrylic acid copolymer of the structure:
CHs

X y
COH  where concentrations are x = about 0.9 and y =
about 0.1.
25 The amount of carboxyl groups on the surface of Nucrel® fibers of the present
invention was determined using acid/base titration as provided above. The Nucrel®

fibers had a carboxylic acid surface density of 7.3 nmol/mg (or 2000 nmol/cm?).
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solution was added to the filter. After 30 mn at roomtenperature, the
reaction solution was renoved, then the filter washed three (3) tinmes wth
1 nm PBS,wohan3tns ee 15 (3) tinmes with 1 m of water. Al | paadisey3mnz t he
filters were counted. The piconoles incorporated were then cal culated from
t he det ect eddGRMAIR, a COninaiyl aRindiakdaytheessaBed dbove adco@dilcteditey and the 14C
counting efficiency of the scintillation counter (0.73 CPM DPM . The
Capron(r) St  phbpxdiogpidbsirface density aethe Nust!d® fibsreofithe prseert prol / ng
of carboxyl. Sar2Q 2. Nucrel Nucrel | n h ne / t rylic
acid copo?/ylrl%génq{éé 'N?ecgogfel?vﬁ%]teﬁwpg{%ﬁ%%fxgl %@ﬁ%\/\ﬁgﬁ?@%%bnoé"gﬁ]%er aats‘lggl%'s are x =

about 0.9 aUgny tie triled CH) - aketic2mhyied X dBRdilin8ibn eRstiaXMsciiicduBsve)n the
surface of Nucrelé};g fibers of the present invention was determ ned using
T8

aci d/ base tNueral® e lound ehayis svecllemtyeaatively éowaryl acticamhydrited The

car boxylic ' ur fa ns+tt f 7.3 nnmol/mg (or 2000 nnol/cm). 21 WO
03/ 031%78 P%%I%%%%é%gg%?ﬁ%? g‘nal ly, a 14C nethyl am ne assay as
descri bed above was conducted to detersese the carboxylic acid surfdce
density of the Numnhéaty (Jionm)f | bers pmﬁydtid@eqemﬁﬁ@@m{ovmg)rventArmyuridma@Tﬁger vabl e
amount of carboxyl groups was flound above the basegline. (Msi@g) the
tritiated (8H) acetig4ianhydri de determ m@ti1 on nethod descrighgd above,| 5
Nucrel (c) fibers wergpsound to|have excejgl ent reagiivity tgpgmrd aceti|c
anhydride. The results are in provided in Table 5. Table 5 Density (g/cnB)
Anhydride Reactivity (nnmol/ng) Anhydride Reactivity nnol/cnB 0.41 116
30000 0. 22ThBQas5RGeMIncTaboye, dlse arine griupeknatymie;aptdi® SRS Rydyohifc densi ty

of Capron(r) SJES hydraqphilic I was apout 1 nnol /ng, .or 400 nnol/cnB,
and tﬁe Cng%M%} Maéglg tgpnéqxqmbg,y)yéﬁgg fuyof/cm? and the car oxyﬂcgamd group density

10 of Capron® SJES hydrophilic Nylon was about 1 pmol/mg, or 400 pmol/cm®. The

carboxylic acid group density of Nucrel® was about 7 nmol/mg, or 2000 nmol/cm’. It
is important to note that despite the negative results of the *C-labeled methyl amine
test, the carboxyl group density of the fibers was confirmed on the polymer fibers of
the present invention by the excellent specific binding shown by the PEO-biotin

15  assays described below.
The Capron® SJES hydrophilic Nylon results, wherein both amine and carboxyl
groups are present on the surface, are consistent as the nylon-6 component is likely to
degrade to form both amine and carboxyl end groups. The Nucrel® results are also
consistent with the structure of Nucrel®. In further experiments, it was found that

20 nylon-6 has amine functionality as well (about 8 nmol/mg), which is about 20 times
higher than that of Capron® SJES hydrophilic Nylon.
Since the activity of nylon-6 seems to be the result of degradation, the fibers of the
present invention may be further derivatived such that non-specific binding is
minimized. For example, polystyrene sheafhs that are substituted with sulfonic acid

25  groups may be used or amine groups may be placed in the surfaces on polyethylene
sheaths via plasma polymerization with ammonia. Other methods known in the art

may be used.
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10 of Capron(r) SJES hydrophilic Nylon was about 1 pnol/ng, or 400

pnol /cnB. The carboxylic acid group density of Nucrel (r) was about 7

nmol / ng, WO 0208078 unol /cnB. It s inportant to note that Pd&asn/a8the
negative results of the 14C-| abel ed nethyl ami ne test, the carboxyl group
density of the fibers was confirnmed ongExh@pld yner fibers of the present
invention by the excellent spemibtifyRlidbiDIehWFiBYst he PEG- biotin 15
assays described bel ow. The Capron(r) SJES hydrophiTic Nylon results,

wher ei n botTe dat¢rmineihd amanbiofyshecifie bndingand bptisglation ohtheHbesipithee, are

i stent th | on-6 t is likely t de to f bot h
i me- and GAPEBRGYOTIRE U AUD0 Rt Yoy piBiEE Tar e al S0 consi st ent

W th the stihucd #6wifs RYEHBEALE Sthe Fllokiid REsenpaeERAt s, it was found that
20 nylon-6 has anmne functionality as well (about 8 nrml/rrg%,m which is

?Eout t20 _t![mesf W@ereqﬂélt EZﬂLinhéulfngH&ﬁﬁdﬁle); @lﬁgéﬁmagﬁt@ic rsi,éﬂ/hl OP_. bSi nce
e activity o n-.6 0 e res eqr on e fibers
of the present %BWPPoﬁEﬁ@k %éon{nﬁgbl((ﬁ‘élfrm&?eﬁz\%% 355&538%(¢Wa{1‘ non- speci fic
binding is m nignEeHEDRAQT; 18 -g-dfﬁa&tJ,ﬂyy%ﬂi&@%@pﬁﬁ@%&aﬁrﬁih@t are
substituted with sulfonic acid 25 groups may be uSed or am ne groups nmaybe
pl aced in the suffdaesddorisie; pol yet hyl ene sheaths via plasma pol yneri zation
with a ni a. Q@i éeihOdS tkilown in the art my be used. 22 WO 03/031978
PCT/ US02/ 30872 "BX mr)qs BBARSL PG MY on of Polymeric Fibers To deternmine

the amount of sperTfditidthidbnFMOUcDERMNGI, abhignvief the fibers of the
present invention, the follow ng experinents were conducted. 5 In the

fol | owi ng exper iPENBES,S tdihid-bis(Dwitreyenzvagend)Sigiea.Stulsads, MBS- bi ot i n;
EZ-Li nk Sul fo-NHS-SS-biotin; #21331 Pierce, Rockford, IL PEObiotin;
EZ-Link Biotin PEO am ne; #21346 Pierce, Rockford, IL EDC or EDAC,
1-ethyl -3-[3-di metP}&‘tE@ﬁhé}&gﬁv@@Mh} & Ledhtign. de Hydrochl ori de; 10 #D- 1769
Sigma, St. Louis, MO DTT, dithiothreitol; #D-9163 Sigma, St. Louis, MO
DTNB; 555' -Tdietrhgdia of th¢ prea¢ntrimtsation compidsing ndpyRapr&i® SIBY hydropdlic

nylon / PET) or Nucrel® (Nucrel 535/PP) fibers were pretreated as follows: about 50

mg of the media were washed in 1 ml of water and 1 ml of isopropanol. The nylon
medium was rinsed with 1 ml 4N HCI, and the Nucrel® medium was rinsed with 1 ml
IN NaOH. The media were then washed with four times with 1 ml water, and two

20 times with 1 ml PBS.

2. Modification with NHS-Biotin.
Trial 1
500 pl of a 10 mM solution of Sulfo-NHS-SS-Biotin (1 ml PBS, 0.5 ml biotin) were
25  added to each media sample designated for biotinylation. The reaction was allowed to
proceed for 2 hours on ice. The samples were then washed 3 times with 1 ml PBS,
and then blocked with 1 mg/ml bovine serum albumin (BSA) for 30 minutes at room
temperature. Again, the samples were washed 3 times with 1 ml PBS. 1 ul HRP-
streptavidin (a 1:1000 dilution) was added to each sample, and allowed to react for 30
30  minutes at room temperature. The samples were washed with 6 times with 1 ml PBS,
and then 500 pl TMB substrate was added. After about 15 seconds, the reacted
substrate was transferred to a tube comprising an equal volume (500 ul) of 1IN H2S0O4
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1. Pretreatnent (wetting) and activation.
i nvention conprising nylon (Capron(r) SJES hydrophilic
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I cases. Table 6 Tr

no- pretreat ment -HaédlBi otin 0.815 0. 627
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15

20

25

eatment Nucrel + NHS-

0D 450 + NHS-Biotin OD 450

The following was conducted in order to reduce background levels of biotinylation.

For this purpose, the experiments were done only with negative controls. The

concentration of BSA used for blocking was increased to 5 mg/ml, and then to 10

mg/ml. HRP-streptavidin was diluted more (1:2000) and used on the filters blocked

with 10 mg/ml BSA. The wash step between the streptavidin reaction and the

substrate addition was increased to 15 ml by using a 5 ml syringe with the sample

filter placed inside the barrel. For the Nucrel® media, background levels of binding

were reduced by both the 5 mg/ml and 10 mg/ml BSA blocking step to 0.188, and

0.222, respectively. For the Capron® SJES hydrophilic Nylon media, only the 10

mg/ml BSA blocking step reduced background to 0.151 (after 5 mg/ml, the

absorbance was still 0.691).

This experiment above was repeated incorporating the changes described above and

also, the biotinylation step was incubated at room temperature for 30 minutes, instead

of two hours on ice. BSA at a concentration of 10 mg/ml was used for blocking.

Samples designated for DTT treatment were incubated with 50 mM DTT for 30

minutes at room temperature. HRP-streptavidin was further diluted (1:5000), and

remained in contact with the samples for less than 5 minutes. The media were washed

24
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no-pretreatnent+biotin 1.097 0.726 pretreatnent-no-biotin 0.622 0.691
pretreatnment+biotin 0.648 1.206 Trial 2 10 The foll owi ng was conducted in
order to wedaogdsmckground | evels of biotinylation. For trhiraspusqese, the
experinents were done only with negative controls. The concentration of
BSA used f of syinaekitite WidBed Medie ac@€l plabebiniiafiltubea Bald TVED siiteirdtd wasg/ ni .
HRP-streptavidin was diluted nmore (1:2000) and used on the filters bl ocked
with 10 ngeddeddIhe stbsrajgrenctionaypsiieanned ivithndN HoYQpend, tforbanesa®es on and t he
15 substrate additi was..d ncreas 1 ' - syringe with
the sanpl emqaflflfi(i?t élé%dTé‘?ﬁsgiS%pfégé&; © ear%oﬁéif.tea)céF%?%fglg ug?%lﬁler) nedi a,
backgr ound sh@ueiee0f binding were reduced by both the 5 ng/m and 10 ng/ m
BSA bl ocking step to 0.188, and 0.222, respectively. For _the Capron(r)
SJES hyélr optsi shown iy Talpie Adeioay, Nowsrsl®traedia shovreg/meisigesiacapt didtersige &t ep r educed

background to.0. 151 (after nmgid ., . the 20 ban I 0.691).

Thi s exper F?P&HY“%%@‘&% @?&é@é‘ﬁ%ai\g& Fﬁ%%lre %to‘?lg@gg 1? rg%g aneg%édd&katgcri bed
above and rah&Qhat f&ﬁué}iég)ﬁ.l B} &k ICARr S BT RSBy drosHilaNednatedigde t enper at ur e
for 30 mnutes, instead of two hours on ice. BSA at a concentration of 10
ng/ i was bedréund wissiguifiagntly Ssiped sspesisilly imthese 1@ pravertedr eat nent wer e

i ncubated with mM DIT.for 30.25 mn S @lo LPRMNSEREeL Al

HRP- st r ept i%\ﬁvaﬁﬁg%’s Gr 'ihﬁseerco&glltlﬁp_%ép 6(3 %&B@?g ogﬁla r e"n%t%edé& |8cr)1t TSRt act
With the sahewnflivTableIsthtbaerah NHISWieHm redlle iNEOAad WRE srepasided 24 WO
03/031978 PCT/ US02/30872 in syringes, then washed nedia were placed in

cl ean t ubedomstrdishBeruiioss wilbnatdind spedidigallyioethe Dygrel® mediednder B8 was

ampres werdriborddent e CRRONR GRS R BRSBTS 1

Tabl e 3 belspwifidbiatipk (Were fREhad sRaveHe Bonditi@Rictiptayel itlTHher, anbeughn
reactivity anong the sanples. Also, treatnent with DIT increased the

reacti vi ty bagkgreunds mesmquiedugh. nlg this cageblockiag AR i9 nSgEgvHY @elspYa | i ¢

Nyl on di a,. t.he bfaCk@EO nocli.r\l/vas significantly reduced, especially in those
not pretre 18(51?gre?\|8v%’|; 16PESE S under these conditions specific binding of
the NHStbiotin did not occur. Table 7
Treatment Nucrel + NHS-Biotin Capron® SJES hydrophilic
0D 450 Nylon + NHS Biotin
OD 450

no-pretreatment-no-biotin 0.483 0.018

no-pretreatment+biotin 0.363 0.022

no-pretreatment+biotin+DTT 1.567 0.048

Pretreatment-no-biotin 0.319 0.258

Pretreatment+biotin 0.589 0.310

Pretreatment+biotin+DTT 0.642 0.135

Trial 3

The samples were then modified with PEO-Biotin. Specifically, the samples were
pretreated (or not) as described above. The biotinylation reaction was done using

20  PEO-biotin. The samples were placed in 0.5 ml of 0.1 M MES buffer, pH 5.5. A 50
mM stock solution of PEO-biotin was prepared, and 25 ml were added to samples
designated for treatment. EDC was dissolved in 0.1 M MES, pH 5.5, at 1 mg/ml; 6.25
ml were added to the designated samples. The reaction was incubated for 2 hours at
room temperature. The post-biotinylation steps were essentially the same as

25  performed previously, with the exception of the addition of substrate. TMB was

25



10 As shown in Table 7, the overall NHS-Biotin results indicated that
strepavidin horseradi sh peroxidase will not bind specifically to the

Nucr el (r)woedivandahder the conditions tested. For the Caprom(usp2/B8BES
hydrophilic Nylon nedia, indications of specific binding were observed
under the clilntidt i:®nsdEpQ] oyiedaced off ehdl sainpl@for Boagl 2 hiaaker TuasiHute € quite
high. In this case, blocking wwth BSAis necessary to achieve 15 this

degr ee’ of éﬁ@éé?@&%ﬁom%@al vohmeo 7l N Hed@ mapd thaubsabance jEasmBagpdh aiCapr on(r)
SJES hydropRplj,s OD 450 Nylon + NHS Biotin OD 450

no- pretreat rrent ‘no-biotin 0.483 0.018 no-pretreatnent+biotin 0.363 0.022
no- pr et r eatTientatabin MabletHbwlthstthiothhyletdn IPMRictR@tmRId whb 1h PEOBidin319 0. 258
Pretreatment +bi otin 0.589 0.310 Pretreatnent+biotin+DIT 0.642 0.135 Trial
3 The sanpl"&s sResific ondy BtipriatediNusrsBoampls; bt ngpwesific ealthgsammies sanpl es
were pret 0 ti.on reaction
was done usvs:[:1 ﬂ%o%gB&%E%&Hm T ﬂ%haﬁgd ﬁl%gvl tggt ﬁtpe&ﬁ’?%@g}éﬂﬁ@)h% of 0.1 M
MES buf f er Nypdh mebia, thefe(s scli’ﬂ\é &ég@@d<of:‘s@b¢iﬁb Bihdifg REQ FE@bidtinWagEenpr epar ed, and
25 mM were added to sanpl es deS| gnhated for treatnent. EDC was di ssol ved in
0.1 M MES, pﬁtiaﬁteﬂ(bléPPk NﬁVhrﬁ 6.25 mM were added to the desi gnat ed

sanpl es The Teactiom was T ncubated -]-a(BGSL hours—at roont cnpcr at UFE The
post - bi primyT at§ k&t EPS wereﬁ HE S-sare_—as e

previously, with the exceptilo &?etf EMB%‘C?EH?R of CaRY J%;% O%ydr 25 WO
03/ 0319 PETLUS ’””"072 e ut ed—15—ipn-dH20—and placed l e
for exal g0 I,t.h.ﬁie nPﬁiLéf'Jn Fhe—soelution U‘, rempved to an )r1P 1N
H2SO4, .Pupvr?tr’?ﬁtmﬁ @jlﬁance WaS neasurfg'fgt 450 nm The da#%2in Table!8 show
t hat Dbi prpt.ﬁ?‘a’ﬁ”ﬁf‘t}nf O} Ny ell00 medi 2 0wpd b the PED biotin 58%as specific on
the BSALY peteatmentHbiolin N, o v o (r) sampl es 09Ut not_specific of4Be sanple

10 Trial 4
To further address the problem of high background binding, the amount of sample
used was reduced to S mg. In a small test experiment, 5 mg of a Nucrel® sample was
not pretreated or reacted with biotin. The small amount of sample was reacted with
HRP-streptavidin (1:5000), washed in the syringe, and reacted with TMB (1:5 in d-

15 H,0), for exactly 2 minutes. The measured absorbance of 0.343 was not significantly

lower than with 50 mg of sample (0.483).

Trial 5

The NHS-biotinylation experiment described in Trial 2 was repeated in PBS, but the
20  final reaction was a timed (2-minute) incubation with dilute substrate (TMB, 1:5). All

other parameters of the experiment were essentially the same as described in Trial 2

above.

Under the conditions of Trial 5, biotinylated Nucrel® media without pretreatment

showed activity only slightly above background, and although DTT treatment lowered
25  the reactivity, the difference is not significant. Biotinylated Nucrel® media with

pretreatment did show about double the reactivity of the control, and DTT treatment

lowered the reactivity back down to background levels. Thus, although the signal-to-
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W thout pretreatnent. The data al so show that, with Capron(r) SJES
hydrophilic Nylon nedia, there is sonme degree of specific binding using
PEO bi ot iwowhesi97$r et reat ed (bl ocked) with BSA. Tabl e 8 Treatusensosiucrel +
PEO-Biotin OD 450 Capron(r) SJES hydrophilic Nylon + PEO-Biotin OD 450
no- pr et reatnmsmtranmsbioﬂﬂtngh heQd sdind fdication pf glet@R bR g6 HEHiBinli68 0. 562
pretreat ment - no Qtin 150 0.282 pretreatnent+biotin 0.999 0.520 10
Trial4 To fHE?Tf??é‘?f{Q%F]&@e@%@nﬁrdmséﬁi)’éﬁmﬂﬁmgh backgr ound bi ndi ng, the
anount of sany| est..e ment ,

nmg of a Nucrel (0 an%g}e\é@\%ogﬁ notﬁq:aﬁjgotnr%ea edhgdl%%ggﬁgéﬁlm a%’ ?lzltn The
smal | armumreméatmmhewwéomm e@cwft}hofﬂﬂRPmﬁfdl el T HirBatinkai0@@ed Washed
in the syrlgg and reacted with T 15|nd15 H20), for exactly 2

m nut es> THRS FRagRVIRe %&%@%Bﬁ@@%#evelsslhumﬁhm the gamarht@amsp yatio 1§wer t han

with 50 ng I

descri bed |n(r%ft h@nﬁl 1&\/gglﬂ§§%léca é%gfﬁéﬂég%lwg ?%ﬁhb%oqq %Q?aPF‘E@?? vvas a
timed (2- mhydm@)nhcrmﬂbamedra utidértheel doh @itisHOWithedirétMBaent: 5) . Al ot her
pararret ers g t he experinent were essentially the sanme as described in

Tri al evepyhiylatien of Ariredteh Sapon®y $I3S lydraphiic Nylpmmediangase el (r)
medi a vmth t sli htI ve background,
and alt houglﬁkf)&}%%tggf gt ?Tﬁéﬂ%eaftﬁaﬁ"&g[ ea@éﬁ%{}ﬂget&rl g&{e}ln IIeVI % y,wetrﬁlé ﬁﬁ? fer encg is

not si gni f ibaclgrourB anim; laad BATNEHtRE 1)wered iteumhdrh TRIsQS ndadal®bn Hbkl show
about doubl e tﬁe reactivity of the control, and DITT treatnent |owered the

reacti vi t y SBEERC BoWHE BdpH R’i‘jrcéﬂﬁliﬂop%vel s. Thus, alt hough the signal-to- 26

WO 03/ 0BT978 PCT/US02/ 30872  ToOi s€ ’fébe‘é s—Tot—ti gu, tret c -s—sofe
i ndi cat [on of speglif e mdr g o NHp 2P pt medi a
under these conditions. As shown|in gb %N%S Bl%t(ﬁot ny?%% %ﬁsy RPYilC $1ES
hydrophj lic Nyl on nedia w thout oD 4508'0“
no-pretreatment-no-biotin 0.151 0.180
no-pretreatment+biotin 0.197 0.391
no-pretreatment+biotin+DTT 0.167 0.094
pretreatment-no-biotin 0.184 0.359
pretreatment+biotin 0.314 0.303
pretreatment+biotin+DTT 0.159 0.175

Trial 6

The NHS-biotinylation experiment of Trial 5 was repeated with nylon at pH 8.5. All
15 of the reaction steps were the same as previously described, except 50 mM NaHCOs,

pH 8.5, was used instead of PBS. The timed incubation with dilute substrate was also

used.

As shown in Table 10, the background was extremely high in samples with or without

pretreatment. Biotinylation had the apparent (but likely artifactual) effect of reducing
20  reactivity. Hence, biotinylation of the Capron® SJES hydrophilic Nylon filters at pH

8.5 is not specific.

Table 10
Capron® SJES hydrophilic Nylon + NHS- | 0D 450 Dilute OD 450
Biotin (pH 8.5)
no-pretreatment-no-biotin 2128 0.238 (1:10)
no-pretreatment+biotin 1.335
no-pretreatment+biotin+DTT 0.457
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pretreat nent showed double the reactivity of the control, and DTT treatnent
|l owered 5 the reactivity to bel ow background | evels. Thus, although the
signal -t owpeBsg9rati o is not high, there is sonme indicati @aTafSoypmsct fic

bi nding of NHS-biotin to CapronOO SJES hydrophilic Nylon nedia under these
condi ti ons w t hout pief@hicaaiomRii . However, i gipmyl[at pggs (9fo) priet reated
Capron(r) SJES hydpepdthenGbifl On nedi a gave g3sm Xed nessage.| The
reactivity of the|blpldmyheiwebFanpl € was | oygpy t fan the 10 background
control, and DIT treatnment towered it fuarther. This IS indicative on non-
speci fic bindi ngyypdger these conditions. Table 9 Treatnent Nucrel +

NHS- Bi otin Capron(r) SJES hydrophilic OD 450 Nylon + NHS Biotin OD 450

no- pr et reatm!siﬁtemmnd)ﬂletlbgreé)oﬂlﬁmhﬂda]tﬂm onrmtip Nettreé@ tan@ hydrbphalic Gafroi®7 0. 391
no- pretrea |n+ 67 0. nt-no-bjiotin 0.184 0.359
pr et r eat rre#jtﬁgthéf?]ioﬁ SI\? 01%)m§ % thﬁﬁ‘gﬁtspgglpﬁgﬁ‘fe B%ggpﬁﬁlﬁ)’i}?@ei%@ gms75  Tri al
o The NS Biratdiibtiahd pit B1R8F HHBNe Qi1 hBlexgortifich: hABEQREiW ShhebYlon at pH
8.5. All 15 of the reaction steps were t ame as previously gescrl bed
except 50 MNHhGDHas aplitudide, in Weesmidelbedofithe tleda thd thRBSeag&*ﬂﬁd)TNB‘QﬁtSi—ncubatl on
w th dilut tr s al so. used shown in Tabl t he background
was ext ren@F%ﬂﬁﬁ’QﬁfP’ﬁr Eut DRISIAED dﬁ?m§ ? sigarle gl fqrithey ‘f%ﬁ’tlna U8Pot i nyl ati on
had the appii@R!whbin itd &@diYedit FlrRC PHAR is&lol sk g

reactivity. HegcveV blnoltl nyl 1a‘%l 5n of “the C%lsproonx(:E 3%%%&@6%%%“ 1rf\lyl on
filters at hpHto 81v5 yﬁﬁowdnlompreb@nfzoa;te (ababibende(at @ap nom)( ThusSiHESe hyaewgehi | i ¢
Nonn+NHS | .ut 450 Biotin H 8.5 no-pretreatnent-no-biotin

. 128 d°23§f€iqf3i Ing gﬂ%&? FEATPIgs 15pFLprOcgws in which one half of the

DTNB forms a disulfide with the sulfhydryl on the filter, and the other half is released

|

and produces color. To begin with then, it is necessary to generate a free sulfhydryl
from the biotin by reducing the internal disulfide by an initial treatment with DTT.
After the DTNB reaction, it is also possible to do a second exchange in which a
15 soluble free sulthydryl reagent is again added to release the other half of DTNB from
the filter (producing more color), and regenerate the originally free sulthydryl.
The complete series of treatments and reactions is listed below. Washing is done
between all steps, and each step may be intentionally omitted as appropriate for
controls:
20 Pretreat filters with isopropanol, then water;
Wash with PBS;
React with NHS-biotin in PBS;
Wash with PBS;
Treat with DTT in PBS to cleave the biotin linker and generate
25 free SH;
Wash with PBS;
React with DTNB in bicarbonate, measure color in solution;
Wash with PBS or bicarbonate; and

Treat a second time with DTT, measure color.
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no retreatnent+bi oti n+DTT 0.457 27 WO 03/031978 PCT/ US02/ 30872
pretreatnment-no-biotin 2.260 0.293 (1:10) pretreatnent+biotin 1.351

r et r eat newo-6BioarTH+DTT 0. 507 Trial 7 To determ ne the degrPeag/usb2/30872

bioti nylation on both Nucrel (c) and hydrophilic Capron(r) SJES hydrophilic
Nyl on medi ahhe NHES-Sitail/lativh icomditiensalerhs frieolously d8sdrived.f Nbteaha thefe tvas s 5 of
nol es biotin mass of filter, the follow ng experinent was conducted:

er . . . .
Si nce the mRiEaking with B4\, singe Barfhagsulfydrethet wanld abfo repsd wathdd Bt he t hi ol
reagent DT 5 - bis-Dithi - ni t. ' ' sinmpl e
t ool for tﬁteég%oglrn%}aﬁg 1@%.&%@%@? ’{e;}lfi&\?g%é\?ll&%si S 8%(%?1203?%&95 orm DTNB
i's col orl essinuié¥)en réced teegitratine. IThess teifiltetwerd & dshéDexgénserelselitioPBS,
t hi oni trobenzoate (absorbance at 412 nm). Thus, in theI_Eresence 10 of a

free sulf hyad yicubgiedinsa i § mdd RN setyéon @m e i Nedte@3, nth8whfaswvone hal f of
the DINB f i fi j hydr t filter, and the

ot her hal f @é@%%@%%lcagg%sﬁ égﬁ%ggu(ﬁ%} %F‘ y%%g%gg%tﬁqa% then, it is
necessary top@hngiay exgerinie@e wasibmytdtast thefepamiviehonkbRithdpRitedt@emchag t he
internal disulfide by an initjial treatnent wth DIT. After the DINB
reaction, ibiotinsjust sepspbad ) with thedess af saeaderdises erryingelyt Prelimiaiya 15 sol ubl e
free sulfh (Felors i I I t r_hal f DTNB
from the fyrfdﬁwéeFﬂo( pr og%t(:t%l‘%g%%%%@ nggggl%hlo%gﬁlg I\f%gélglﬁlee?gathghg ﬁ%wéerVFIg?fﬁm ly free
sul f hydoy!l reabhigite @1 dse Nasreldh nietRatd¥Rph sreaidyinstaasstivenBurtler | | st ed

bel ow. \Vashi n%)_ is done between all steps, and each step may be

i nt ent i onalMEgAtFRiCORER] cXBeTABPMS Pictedone sy pretreriment, 8o bginpwith oewitheyt| t er s
with isopr , ﬁ%[]? Wash with PBS; React with NHS-biotin in PBS;
Wash with %%é?ﬁhs%ei{’f%e‘tﬂﬁﬁ )’i n PBS to cleave the biotin |inker and
generate 2 skeiel Title Wabélow InthEBSend3aaal] othdr ReddENS nohedif GRIsBAPRE €,

nmeasure col or in solution; , i
reacted with DTNB. When DTT was included, Nucrel® media remained unreactive.
15 This time, however, the Capron® SJES hydrophilic Nylon media produced color. The
color might be attributed to DTT, which apparently could not be washed out of

Capron® SJES hydrophilic Nylon.

Table 11 ‘
No pretreatment Nucrel 2931 Nucrel 2894 | Capron® SJES | Capron®
No biotin hydrophilic Nylon SJES
2932 hydrophilic
Nylon 2895
DTNB only 0 0 0 0.09
DTT + DTNB 0.019 0 0.209 0.245

The complete series of reactions was done, including a second treatment with DTT.
20 In this experiment, following DTNB-treatment, the samples were washed, incubated
with additional DTT for 2 minutes, and the OD of this solution was also measured.
As seen in Table 12 below, after step 4, the negative control gave the highest reading,
and the pretreated samples had a lower reading than the non-pretreated samples. After
step 5, the negative control still had a high background. The pretreated samples had a
25  higher reading than the non-pretreated samples, but the presence of biotin did not

appear to increase reactivity.
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Wash with PBS or bicarbonate; and Treat a second tinme with DIT, neasure
color. 28 WD 03/031978 PCT/ US02/ 30872 The NHS-bi otinyl ation conditions
were as pwowdos®ry described. Note that there was no bl o®ekirrupomsasne BSA,
since BSA has sulfhydryls that would al so react with DTNB. After

bi otinyl ati on, the sanples were incubated in a 5 mMsolution of DIT for 30
mnutes, at roomtenperature Then the filters were washed extensively with

PBS, 5 and incubated in a 10 nM DTNBT#¥I%tion (in 50 nM NaHCOB _pH 8| 5) for
two m nuCemon®rHEShpdropbilit Nbensi ty of\ftarpfeP ol uti on was meégsEeR at 412 nm A
prelimnary expertiDf¥Bt was done to test the negative controls (no
pretreatnent, no biotin, just #tseps 3| andssdj2wi {h Akseyl ot $ ofssepdipl s used
previ ousl [Mo-prEtreaimienodioiin_ r esul t s0.8owed t hat60t he | Capt.ti(r) | SIES0hydr pphi l i c
Nyl on nmedNaprbtedtmanti-dstinl evel of 1@17a5eacti via.§92( 0. 048)0.218@nd {he M™Ns6rel (r)

medi a wasPreppateanilbotimot reacti ve133Furt hero.10Begati ve).gi@nt r ol exgsgri nents
wer e donepPkiatrehtebistaat ment, mno bo.gisi n, | W tdoser wit howzz2 t he DIoR4st ep)| 3,
then DTNB). As seen in Table 11 below, in the absence of all other
reagents, none of the sanples reacted with DTNB. When DTT was i ncl uded,
Nucrel (r) rhodile NearelRhssannles; enshtowngn Tahls 1Bhihs nepative deotmeless zetdwndther on(r)
SJES hydrophilic l.on nmedi a produced | or. .The col or .m ght, be attri buted
Co DT wnibiren i et R Feiiunbaetiay e HafhdiigSTes

hydr ophisl i GubydqaBat TebkRathleniNmiRd & $18add¥Rdor NBiEthe 2PN NHE Eifsc ARRE
Capron(r) SJES Capron(r) No biotin hydrophilic Nylon SIES 293

hydr ophi | i PNy ireaine8@3ndicAtaBeyibY levels df biotoobin@®ng. TDENBeGuigtigtiondevzd9 0. 245
The conpl ete series .of reactigns s .done, including a second treatnent
with DTT. 2 Inr‘i’tgﬁflgte’é?]%ﬁ’}(rgﬂf@%8?‘%8%3(‘@ DTNB-treat ment, the sanples

NJ

were washed, Tncubated wih additiongle ®TT for 2 m nutes, and the OD of

this sol ytion wagel@dDyRBNMEASUred. Agics@gfy I N Table 12 bejpugypfter step 4,

the negat[ive control gave tThedhd,ghest fgagbng, Assay 1 Assay 2
No-pretreatment-no-biotin 0.0 0.0 0.0 0.0
No-pretreatment+biotin 0.006 0.0 0.0 0.0
Pretreatment-no-biotin 0.0 0.024 0.0 0.001

Pretreatment+biotin 0.059 0.059 0.0 0.0

The following is a summary of the additional biotinylation work: The NHS-

10  biotinylation experiment was repeated in PBS, but the final reaction was a timed (2-
minute) incubation with dilute substrate (TMB, 1:5). All other parameters of the
experiment were essentially the same as described above.

As seen in Table 14 below, biotinylated Nucrel® media without pretreatment showed
activity only slightly above background, and although DTT treatment lowered the

15  reactivity, the difference is probably not significant. Biotinylated Nucrel® media with
pretreatment did show almost double the reactivity of the control, and DTT treatment
lowered the reactivity back down to background levels. Thus, although the signal-to-
noise ratio is not high, there is some indication of specific binding of NHS-biotin to
pretreated Nucrel® media.

20
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and the pretreated sanples had a | ower reading than the non-pretreated
sanples. After step 5, the negative control still had a high background.
The pretrwetied3waspl es had a 25 hi gher readi ng than t he necTprser/ssat ed
sanpl es, but the presence of biotin did not appear to increase reactivity.
29 WD 03/031978 PCT/ UsS02/ 30872 Table 12 Capron(r) SJES hydrophilic Nylon
After step 4 after step 5 +DINB Assay | Assay 2 Assay 1 Assay 2

No- pretreatnent-no-biotin Q0 214 Q 1601ae181 0”305 No- pretreat ment +biotin
0.175 0.092 0.219 0. 066 FHusieh=¥iSRiglh - no-hi ot i NORA5833 0_103 0. 318 0. 354
Pret r eat ment +bi oti n 0. |gQ@rayeayBBt®-iP 0340 For Otlkle Nucrgl OO sanmpl es, as
shown in Table 13, the negepiedtoenttbioint rol was zer 818%nd the | presence of

bi oti n and pr et r eat nentnogeatrsadentthietint@Bict ilvi ty t 616 slightly higher. 5
Subsequent DTT treat meinyeteatineréoo-hidin pr oduge col 00.18Bot h t He DTNB and
subsequent DIT treat ngmdtsatmerdtibiotit € very || ow | e98i4 of bijoti n bi ndi ng.
Thus, the substitution drereainentbotintdThot he det edrthed by [t hi s et hodol ogy.
Tabl e 13 Nucrel + DTNB after step 4 after tep 5 Assay 1 Assay 2 Assay 1

Assay 2 No-pretreatnent-no-biotin 0.0 0.0 0.0 No- pr et r eat ment +bi otin

0.006 0.0 GALseen m Thled § balowe hiotinyaisi Glapren® SIES hmor@nl@c Yylop media
Pretreatme 1%'119%116 agtmeﬁtg sh \a%ﬁ%?ﬁblg fx}li—"‘égi%%?’o?l l O\M L Iar?d BTe YRk 1t of t he

addi ti onal bioti i on wor ny Pat T o experimen

repeat ed i nowBsd tﬂmteaéth@tyftb Balbwitaeledro @it 66 s. aThis ekhdugh tHe P-io-hcﬁ@eu batl on
with dilute substrate (TMB, 1:5). All other paraneters of t experi ment
wer e essent@l#g isyiof highs 5 sore Bdicaberobmsvidic biedingeNHS bT(ﬁmTQﬂlQl bel ow,

bi oti nyl at owed activity only
slightly a%\?%ﬁg@ag gr o&gfggﬁland ar qﬁ%dﬁgﬁ’%hﬁ’%ﬁ é}’%nrlr%ﬁt | owered the

Biotinylation of pretreated Capron® SJES hydrophilic Nylon media gave mixed

results. The reactivity of the biotinylated sample was lower than the background

10 control, and DTT treatment lowered it further. This is likely indicative of non-specific

binding.
Table 15
Capron® SJES hydrophilic 0D450
Nylon + NHS-Biotin

no-pretreatment-no-biotin 0.180
no-pretreatment+biotin 0.391
no-pretreatment+biotin+DTT 0.094
pretreatment-no-biotin 0.359
pretreatment+biotin 0.303
pretreatment+biotin+DTT 0.175

The NHS-biotinylation experiment was repeated with Capron® SJES hydrophilic
Nylon samples at pH 8.5. All of the reaction steps were the same as previously

15  described, except 50 mM NaHCOs, pH 8.5, was used instead of PBS. The timed
incubation with dilute substrate was also used.
As seen in Table 16 below, the background was extremely high in samples with or
without pretreatment. Biotinylation had the apparent (but likely artifactual) effect of
reducing reactivity. Hence, biotinylation of the Capron® SJES hydrophilic Nylon

20  samples at pH 8.5 is not specific.
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15 reactivity, the difference is probably not significant. Biotinylated
Nucrel (r) media with pretreatnent did show al nost double the reactivity of
t he cont rwD,03a8d7OTT treatnent |owered the reactivity ba®kTAmen3802
background | evel s. Thus, although the signal-to- noise ratio is not high,
there is sone indication of specific binding of NHS-biotin to pretreated
Nucr el OO nmedi a. 2030 WD 03/031978 PCT/US02/30872 Tabhle 14 Nucrel +

NHS- Bi oti n OD450 |no-pretreatnent-no-108f6n 0 151 no-pretreat nent +biotin
0.197 no- pr et r eat|nEarrond HIES hydRWiicOlyloB7 | pr et r eatOPéelt - no- bi otli n 0, 184
pretreat ment +bi otin 0. 3NHS-Biskirefpid 8a) nent +bi ot i n+DTT 0. 159 As deen in Tabl e
15 bel ow, bi oti nyl | abeciré€dpmomibiolin SIES hydr ophP.I38c0.288(0o10) nedi a wi t hout
pretreat ment showgdogeirdteent+hietinr eacti vitly of the t38trol, and DITT treat nent
5 | ower ed the readtrioyietrgatrhent+histihedTToackgrjound | eved 47 Thus, al|t hough the

si gnal - t 0- noi se r gtpratredtgentad-bidihgh, therg is sppm, o.7edicmii on of specific

bi ndi ng of NHS- bi qtpretredtmertt#digtin Capron(r) [SJES hydroghiTic Nyl dan nedi a

W t hout pretreat mgnketreddn@itdbioypatn on of pretreatedggapron(r) SIES
hydrophilic Nylon nmedia gave mxed results. The reactivity of the

bi oti nyl ated sanple was | ower than the background 10 control, and DTT

treat nent | jt f Thi,.s is likely..indicative of non-specific
bi ndi ng. TdotEe %’gte&rbefgsrﬁ%lgﬁg gﬂ‘@%&d‘?&? bt t‘tﬁﬁ%gosuﬁy‘iefé ° Do, B ot i n
no- pr et & eatimentioNad 0ublibatidds, PR&ntsN PP Lt @pp NRAbAPINEH i FRe@h&8ih are

no- pretreat ment +bi oti n+DTT 0. 094 pretreat ment-no-biotin 0.359
expressly incorporated by reference therein to the same extent as though each were

individually so incorporated.

Having thus described exemplary embodiments of the present invention, it should be

noted by those skilled in the art that the within disclosures are exemplary only and that
10  various other alternatives, adaptations, and modifications may be made within the

scope of the present invention. Accordingly, the present invention is not limited to the

specific embodiments as illustrated herein, but is only limited by the following claims.
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pretreatnment +biotin 0.303 pretreatnent+biotin+DIT 0.175 The

NHS- bi oti nyl ati on experinent was repeated with Capron(r) SJES hydrophilic
Nyl on sarmpbes/osato7pH 8. 5. Al of the reaction steps were tRETABIEIMRS2
previously 15 described, except 50 nmM NaHCO3, pH 8.5, was used instead of
PBS. The tinmed incubation wth dilute substrate was al so used. As seen in
Tabl e 16 belyaw istcheénbagkgr ound was extrenely high in sanples with or

Wi t hout pretreatnment. Biotinylation had the apparent (but Iikely
artifactual) effect of mé’cﬁlﬁﬂ%rrhﬂalgﬁﬁgta’[ Mhdt¥one E@J&%ceﬁi@ﬁlﬁ)ﬂﬂﬂe%bh@ﬁsﬂ% the
Capron(r) SJES hydrophilic Nylo anples at pH 8.5 is not spécifirc. 31
WO 03/ 031978 PCH mmzrl@ﬂ&maastmnoelymml@é‘wﬁoha{m)g &ﬁ@ahywm}ﬁnbm@ Nyl on +

OD450 NHS-Biotin retre ot| n 2. 0..238 10)
no- pr et r eat nent +SE)’F€?‘? Wg]f.ﬁl?ggws H’Bmgl? g‘?‘% e-aBtl %]Flsﬂgr dlﬁ}%?’gg it
pretreat nent - no-fbRbh th 2% %’(ﬁ)spg%éd frdd FdHomBF §ab&BSTBRLSR WAl d folmS2 1
pretreatrnent +bi oti n+DTT 0. 507 To the extent necessary to understand or
conpl ete t he di stottosusristertitiohmitlpfos pessbgeof the enkiuomthermthiroyghbl i cat i ons,
patents, and patent applications nentioned herein are expressly

i ncor porated by yeference her e sa t hough each were

i ndi vidual ly so ncor@?}rrgf’ @Iﬂg Wﬁﬁrg @E@F%’Y% Eﬂﬁr&fﬁgs odi ment s
of the fpresent lgag@ﬁﬁmg)rﬂmee-tdnﬁémuhﬂ hel subofGh1BywitBORsoIekE! | ed in the art
that the within disclosures are exerrpl ary onIy and that 10 various other
alternatives, adaptations, and nodifications be made within the scope
of the present |%ventTWed\é@d}fG]aﬁgllyWhﬁﬂ%ltﬂ?ﬁ@§ k frtheneqraprises 2anot | mi t ed

to the speC|f|c %H%ﬂgglgg%%% illustrated herein, but is only limted by
!

the follow ng cl &l 15 031978 PCT/ US02/ 30872

4. The medium of claim 1, wherein the network further comprises
derivatized beads.
15 5. The medium of claim 1, wherein randomly spaced points of contact of

the polymeric fiber are bonded to each other.

6. The medium of claim 1, wherein the polymeric fiber comprises a

thermoplastic polymer.

7. The medium of claim 1, wherein the polymeric fiber is a sheath-core

20 bicomponent fiber.

8. The medium of claim 1, wherein the polymeric fiber is a multi-

component fiber.

9. The medium of claim 3, wherein the second polymeric fiber comprises
a derivatized polymeric surface which allows immobilization of a second

25 specific binding agent thereon.

10. The medium of claim 6, wherein the thermoplastic polymer is selected

from the group consisting of hydrocarbon resins, polyamides, polyethylene,
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What is claimed is: 1. A nmediumfor analyzing at |east one substance in a
m xture conprising 5 a network of at |east one polyneric fiber having a

derivati zwo oposyneri c surface which allows inmobilizati omcofusar/3dseast one
specific binding agent thereon in a highly dispersed and randomy spaced

ori entation whi cioljdnyirhoridepdridypoligsterstsacls bd ¢opalynisas bf dtbylepapsagenal t he
m xture theret hrouglh. 2. The nmediumof claim1, wherein the network is
substantial |y seithylengmsthaerylinacid ethylgneecylate adionbylencaraylgggiateant i al |y

wat er insol ubl e. i f. el al i rther
conprises a seC%%E}G%Jﬁ;e/%gﬁcqu%t?ﬁé&s%&#H%Mngﬁl?ﬁl%tg?l%%%]gl}eﬁgﬁéla& erein the
network further moypinylegsterepihlal hzdkderbetdss thdsob. The medi um of claim 1,
wherein random y spaced points of contact of the polyneric fiber are
bonded to each other. 6. The nedjumof claiml, wherein the polyneric fiber
conprisds a therlmopl B e of giim 67 Whetem the dhaymoplestiq palymer 1s gher ei n t he
pol ynmeric fiber d gmcelg -car | CRERE, - Lher. Lpedium of
claim1l1, wherein o? ﬁ poﬁ?ﬁgf)ﬁg’ ﬁl%%lgylléﬁse alrru(Fitg @Eneéglﬂglgﬁ%ﬁlf thgﬁlelgs g The
medi um of cl ai m@,a asnérigitionttheecfecond pol yneric fiber conprises a
derivatized polyneric surface which allows i mobilization of a second 25

t her.eon. wherein the

speci fi c bindi ng,  age 0. The medjum of c]aim g,

t her nopl asti c p8]|2ynep{q1i‘esm§ P@&féélmﬁrﬁ’ T %5‘6‘08 ﬁ%‘i%"?ﬁﬂﬁl%f‘ hydr ocar bon
resins, polyam degelyRRh ¥eLiyl-fshd RehyP34031978 PCT/ US02/ 30872  pol yvi nyl
chl oride, and pol yesters such as copol yirers of ethyl ene, propyl ene,

ethyl ene nethacrylic acid, ethylene acrylate acid, ethylene-vinyl acetate,
et hyl en@ net hyl Ber yl Bheanediviyedclpime he whasgimothe ghermoplpstidyydiygner is er epht hal at e,

pol ybut yl ene terephthal at.e nd derivatives thereof. 5 11. The nedi um of
C el m'6. wher et rfCPRETCHOF REHERCEIABERARE i o a
14. The medium of claim 6, wherein the thermoplastic polymer is Nucrel®

or Capron® SJES hydrophilic nylon.

15. The medium of claim 1, made by continuously spinning a plurality of
15 fibers having at least a surface comprising the thermoplastic polymer through a
plurality of openings in a die, collecting the fibers on a continuously moving
surface to form a highly entangled web of the fibers in the form of the network
of highly dispersed continuous fibers randomly spaced primarily in the
direction of movement of the moving surface, gathering the network, heating
20 network to bond the fibers to each other at their points of contact, and cooling

said network to give the medium.

16. The medium of claim 15, wherein continuously spinning is selected
from the group consisting of melt spinning, melt blowing, spun bonding,

solution spinning, and cold drawing techniques.

25 17. The medium of claim 15, wherein the network is heated by steam.
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copol ymer of nylon 6, polyethylene oxide diamne, ethylene nethacrylic
acid, or a conbination thereof. 12. The nediumof claim®6, wherein the

t her nopl awoios/opOrgmer is a copol yner of ethyl ene and net iregrusb/sosari d. 10
13. The medium of claim®6, wherein the thernoplastic polynmer is a

copol yner of et hyd, eneamagbaqeiaitixd for achémicdldor bislegioridisssmcomptibiag theb, wherein
the thernoplastic polyner 1s Nucrel(r) or Capron(r) SJES hydrophilic

nyl on. 15. The riaediumm oficlaimdi and il leagigae speceiynbinding @sey IBpoRizeg a plurality
of 15 fibers haﬁ{(iarré at least a surface conprising the thernoplastic

pol ymer through a g‘il'urality of openings in a die, collecting the fibers on
a continuously noving surface to forma highly entangled web of the fibers
in the formof tie neAwessky satenhéqghprisinli thpessigatondf ¢slaiausy.f i bers randonl y
spaced primarily in the direction of novenent of the noving surface,
gathering the network, heating 20 network to bond the fibers to each other
at thei P points < cobheaseay %{%am@éa 3Rd O, WHPEI{EE aRsak SSHEIYIsvE 3R nedi um

16, The medi um gfp,chap YPRERAD e QL O Blfe SR A ngelRR ed  Trom

) G5 §Fh
the group consistirng of nmelt spinning, ne ow 'ng, spun ng,

solution spinning, and cold draw ng techni ques. 25 17. The nmedium of claim
15, wherei n t he Het woh kiticonipeising thebyeditmanficlaiB4l MOk 0Gedie8 wilGBt US02/ 30872

18. An assay matrix for a.chemcal .or biological assay conprising the
medi um of cl ai ml§2shAB° ‘éliemléagﬂnl’lé’ﬁ’e@%aﬁ)@%ﬁfe@gmtndi ng agent irmmobilized
thereon. 19. An assay systemconprising the assay matrix of claim17. 5 20.

The assay systemf ctif dfolaimiar Qirthel BRIRSSAMsEVHLBITOr BscAN assay tray, a
colum, a hypoderm c needle, a nmenbrane, or a microcentrifuge tube. 21. A

kit conprising the nediumof claim1l packaged together with at |east one
chemi cald or bi ol%gi caft mptked/for anadjeing atigast qupcsukptanesfin @ axwrIomprisinger

including instr Uk o%r}ﬁzi};g ht 438 bnel%egf%'c b'fh 111'gt nge%t Iooar ne%r&]/grlkyo%lap f%aé’%tonla east one
substance in a mMXture c nmprirsing

polymeric fiber having a polymeric surface which allows immobilization of at

least one specific binding agent thereon in a highly dispersed and randomly

spaced orientation which forms a tortuous interstitial path for passage of the

15 mixture therethrough.

24, The method of claim 23, further comprising functionalizing the

polymeric surface.

25. The method of claim 23, further comprising treating the polymeric

surface to confer a greater specificity, reactivity, or affinity to the substance.

20 26. The method of claim 23, wherein the substance is a chemical substance

or a biological substance that specifically binds to the specific binding agent.

27. The method of claim 24, wherein the biological substance is selected
from the group consisting of amino acid molecules, peptides, polypeptides,
nucleic acid molecules, polynucleotides, sugars, carbohydrates, lipids, and

25 derivatives thereof,

28.  The method of claim 23, wherein the substance is a therapeutic agent.
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i mobi lizing at | east one specific binding agent to a network of at | east
one polyneric fiber having a polyneric surface which allows inmmobilization
of at | eaetososw7speci fic binding agent thereon in a hi ghlPgTdisepamssed and
randomy spaced orientation which forns a tortuous interstitial path for
passage of the 2% mi Ridmmethbéef ehinr 28)grherddd thepodymerididistr obmpristis i 23,
further conprising functionalizing th% pol yneric surface.  25., The nmet hod
of claim 23, furRlkeit-ripterastipnsites saAOHPIRECIHS Y Fstaieat bandingrih s confer a
greater specificity >t 1 Vi [ Jd e substance. 20 26. The
met hod of cl ai mgfgé,llﬁ\?\ﬁﬁw%?@%ﬁteh%ascﬁb%ssl?ﬁa{%@gi%}sﬁ’ tgpgﬁtgm cal substance or a

bi ol ogi cal substance that specifically binds to the specific binding agent.
27. The nmet hod d¥0.cl al'lm Bdthodvbeelainn23, wéhebdio tlegiubsthncib b Rredepurificsiedrect ed
fromthe group consisting of am no, aci d. y)jo] ecul es, peptides, pol ypepti des,
nucl ei ¢ *aci d ol WRHPEE, TR Al vER Py ﬂ’@gl,ﬁrggl%éﬁs (2 CQ:V&F honsimgtadhe i pi ds, and

25 derivatives thefigef - d <Ricigd Bim Lk he: subst ance
is a therapeutic aéenf?C%gglr@%&o%%tg%Q% Cﬁﬁ%@ﬁ%ﬁ%ﬁ)@?aﬁ%&bﬁﬁgﬁmt hod of
cl aim 23, whereithetebf pol yneric fiber conprises a plurality of interaction
sites capable of specific or covalent bonding with the specific binding
agent, a crosslipnking.agent,  or bot 0. .The met hod of claim 23, wherein

t he substance is’sol eglﬂ,et%%f’f?lfugﬂgb’ cergn PSSBRRMCE OF #IRENSH xt ure by

speci fic, ionic,gBasQ@viaidliedpReidadot é%g'éula?ed ffﬂ?gitﬂér&ix%rg'%Qﬁ sidaki ng agent,

the specific binding agent, or a conbinati e met hod of

tion thereof. 31
cl ai m 30, wher eiantrapmestane subst ance or anot her substance is isol ated,
purified, or separated fromthe m xture by physical 10 entrapnent. 32. The

rrrrg;[jlh(lj?n 026C| al m3222 ' fﬂ{etnqgtilo& 8%{&'111%{,' ?ul%“llelfltc&% rigiplg eﬁl%lllrjlg haens% St;.l{C% on% he

the medium.

36



