NON- FOULI NG, ANTI - M CROBI AL, ANTI - THROVBOGENI C GRAFT- FROM COWPCSI TI ONS

FI ELD OF THE | NVENTI ON The present invention is in the field of imuvbilized
non- f oul iwQ 2bmamsdengs, specifically coatings that resistcriis2adoenidn of

bi ol ogical material and are attached to a substrate surface through a graft

from net hod. CR% - REFERENCE TO RELATED APPL]| TI Thi s application
clainmed priori tD’ N FQEL.EN G A@@Il%cmléﬂt’ﬂ %QMQ@Mi coagul ant
and Antithronogeni c Pol yme PY IZIQQMC@WW)SIWOYW | i am Shar man

O Shaughnessy, M chael Hencke, Trevor Squier, and Christopher Loose, filed

Decenber 5, 2008; U.S.S. N 6HINEZD QEIthINVEMIGNesent ation of Immobilized
Mol ecul es” by W] m Shar man O Shaughne Vi c E. ner Sinha,

Zheng Zhang, M chaef®® PEREREVRER Ern mlei?%f%%}@‘éﬁ C@?%??V\fg%oose filed
Decenber % 20Q8ngY-specthiddilyto8dhsk3RatIdAst @ Adhksigh oNeidtdpadsl hidgbrial

Anti t hronbotic Graft Coati ngs" by Trevor Squier, Zheng Zhang, WIIliam

Shar man O Shadighae stgcheiohaestpisrisiace hraighal grbienanethodnd Chri st opher

Loose, filed Decenber d
"Non- Foul i ng, Antithr gﬁ?ﬁWNmﬁn@%L%ﬁ%ﬁﬁéﬁuﬁ§§ Zheng Zhang,
Wl iam Shannan 20TklsSbplighiogskymedhihaglo Behiske, 6 1M20[M6lenBaechar d, and

Chri st opher Loose, filed August 5, 2009. BACKGROUND OF THE | NVENTI ON
Many di f f er ent™. Mﬁ’ﬁteé’FIAé?f@O‘Yga*\%‘é” Bé@ﬁ”f’ﬂ”‘(/@@?g"g?&t@‘&(y’ﬁéﬂr é’é’lzé’cenééliﬁ%&)em fic

protein agsor iion, S@ﬁ%@é}ka‘%%h%%s‘s&,g\gﬁﬂaéi?fenki‘é Tl ﬁ@%r a'ﬂ lude, but are

not 25limted to: I'ené ol ysacchari des
such as dext r @hristhyhbrdpbéd, ifitedDboemeres 5 SLOEB; BISS. HAN. yé\vjlagalzﬁyrenmlecﬁone or

Char ge” mat or | SPESOMHE I OGRR BONP St TDSHEStch as those
described in B -§hauBatRSS, Wotorid 12 WPagh8Psinhh ellﬁmg ZhbYe Rfichigsenpmierials in
preventing protein “adsorption 30varies greatly between the chem'stries. O
t hese mat eri allssvoofAfyien afdWhrislopldar Loose, filed December 5, 2008; U.S.S.N.
15 61/120,312 entitled “Non-Fouling, Antithrombotic Grafi Coatings” by
Trevor Squier, Zheng Zhang, William Shannan O’Shaughnessy, Michael
Hencke, Michael Bouchard, and Christopher Loose, filed December 5, 2008;
and U.S.S.N. 61/231,346 entitled “Non-Fouling, Antithrombotic Graft
Coatings” by Trevor Squier, Zheng Zhang, William Shannan
20  O’Shaughnessy, Michael Hencke, Michael Bouchard, and Christopher
Loose, filed August 5, 2009.
BACKGROUND OF THE INVENTION
Many different materials have been investigated to resist non-specific
protein adsorption. Chemistries utilized for this purpose include, but are not
25  limited to: polyethers (e.g., polyethylene glycol), polysaccharides such as
dextran, hydrophilic polymers such as polyvinylpyrrolidone or hydroxyethyl-
methacrylate, heparin, intramolecular zwitterions or mixed charge materials,
and hydrogen bond accepting groups such as those described in U.S. Patent
No. 7,276,286. The ability of these materials in preventing protein adsorption
30  varies greatly between the chemistries. Of these materials, only a few resist
fouling to the degree required for short-term in vivo application. However,
the few materials appropriate for short-term application, when used for
longer periods of time in complex media or in vivo, exhibit significant

fouling or material degradation, making them unsuitable for long-term
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fouling to the degree required for short-termin vivo application. However,
the few materials appropriate for short-term application, when used for

| onger pewOadr/mwsIshi me in conpl ex nmedia or in vivo, exhiPbirtusgeogosioisant
fouling or material degradation, making themunsuitable for |ong-term
applications. Furthernore, surfaces coated with materials that resist in

vi vo degr adat bppiacanmsoFulelﬁermusa;emfdcbh eodtal withadatareddthet deistriease in foul i ng
resi stance ov # 007/ 0248@ descr.i b Er raftln sul f obet ai ne and

car boxybet ai n egja art’(?ﬁ1a§"e? SR doﬁﬁ’r‘?BFea'\g CHRSGBI Bu@%strat es or from
silyl groups Qni@Rsgvaulsdrates using atomtransfer radical polynerization
(ATIRP). CGold and gl ass are not appropriate substrates for many nedi cal
devi ces used i n vi WJZS@WﬂE%s@mﬁ@d grafting sylénbstaisrid cadorhibatinbased

nmonol ayers Si nee the thjol gr S t. stably bound to
the substr e RS e S8l s G S #hE8ah pes 't he
graft pol yrrerFYaag QL%@HQES ﬁéi@@&tbﬁit@an%ﬂ&fr@ﬁ@f’r po@u{euagﬁmwpzm lwgh density of
a highly non-touling polymeric material. Athermal initiator is used to

initiate polyaed glasgarenot apppirsiatd gpbaftratﬁsefﬁpéraaym@scabd@a@ém%m 85C. Such
tenperatures g8 ggﬂ&%{,ﬂl@kdﬁ%@h&& ré"‘bsh@h rsf orf%g%/eﬁﬂ%&gog%{ers %i’a'y%%s such as

15t hi n-wal | ed pol ne ca t hod

described is gﬁmwlalsinye tiﬁtth@Ugﬁoaphsendt@fabgrla:fxmdm@tm@ummt@ such as
zwitterionjc polyne | | oi ds_ and Surfaces B:

Bi oi nter f &8es 28, .U @ Rapeat Bdo- éé§§ﬂ5%é‘éwaﬁé eéﬂ’r flescebeiohe graflat i on of
segmented pol ﬁé%‘f‘%ﬁ%@#&%ﬁ&%ﬂ@hﬁ%@g %hﬁ%&?ﬁh{ Ougﬁﬁgh#ﬂ@[&%ﬁ 1 ' on| ¢

nononer, but ensi t eria
resul ting mat aondblﬂu@rmlmnctnmatbmh Arthérynahdlﬁ%iatboisldsetgtotimtiam usef uI | n

medi cal device | i cations. S ther r én obj ect of the
invention to BP a%ht)fpégﬂlly,fétegmw?gre@@ﬁ gﬁg ari ous substrates,

such as pol yn%ﬁp@&dré@%} en@?&'l ?%t sRbRYof ﬁlfaﬁy helifgl dev@Gh) sYzbE Ysin the
presence of bl ood proteins and in 25 vivo due to I nproved nol ecul ar

struct ure$9 atﬁdna‘falbd/pbtyﬂlrﬁthmp@a&meme Fagbérothed®ali owtd bicthadettsargfedt s and

171 e further ol gott speBhdop el AR RO PAOHEBBRET oul | ng

conposi tions cont aijinRgqa, @Iﬂiﬁdﬂ@ﬂﬁ&dr}bc@fBnBﬁazﬁt@%deBQSPIODYIIRBDC material 30
and/ or wherein the int erép ymer. chain_ di stance of the non-fouling

pol ymeri ¢ rat éescaibss deck O(ﬂlﬁéatb@m-ftsﬁmli?rﬁﬂd polyfetlhar upghans) BXul es into the
R L R ST
wherein the groﬁflblll-lﬁ@,lling material. The resulting materials are not sufficiently non-
fouling to be useful in medical device applications.
It is therefore an object of the invention to provide non-fouling
polymeric coatings for various substrates, such as polymers and metal
oxides, which retain their activity in the presence of blood proteins and/or in
25  vivo due to improved molecular structures, and allow for cooperative action
of immobilized agents and protein resistant chemistries to resist non-specific
protein adsorption.
It is further an object of the present invention to provide non-fouling
compositions containing a high density of non-fouling polymeric material
30  and/or wherein the inter-polymer chain distance of the non-fouling polymeric
materials decreases the penetration of fouling molecules into the non-fouling
coating.
It is further an embodiment of the invention to provide graft-from

methods of coating surfaces formed of biomaterials wherein the grafting is
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initiated fromw thin the biomaterials to provide materials with a high
density and stability of non-fouling polyner. SUMVARY OF THE | NVENTI ON
Subst r at e’ 20mtiessal | y coated with an undercoating | ayerCThaeimge®igr af t ed
there fromone or nore non-fouling materials are descri bed herein.
Non-fouling coatings with varying tether chem stry or polyner backbone
chem stry prowidgedtroal whinahd bviemappinac prdvideeuetiolpivwith highl y ef fici ent,
bi oconpati bl e,, and bi, or onsi ve_ngn-foul i ng coatings. In one enbodi nent,

t he coatings Q?régltﬁié‘ﬁdls@gﬁ R .OI&}‘E@B%PPBWF fouling resistant or
non-fouling 10material s andyayiifee GRAHPISVENergy§ceptible to fouling
over prolonged exposure to conplex nedia and/or 1 n vivo environnments.

Usi ng t he cheni st ri%bsdass opbehilyeoeied withom- irdatcoating lopéryhaiing materi al s
can be grafted f a variety of substrate materials rticularly netal or
ol yner Lo Suberiran dicts R e s O PR Tl BT hare ey et bEiRa 15! esul ¢ | ng
pol yner coati Nph-fRLEnOeREhd %ﬁh&&'y%’?ﬁ%ﬂkh@l{bnﬁ@tﬁ oSS akY BdkpRRo| ayer - based
coatings and thus better cover the defects and irregularities in commerci al
bi omat eri al s, chetgistiniprryigroanatisrratiyp appreact te desgopinghighbneffisient.ng coat i ngs
are effective,j X ' nd/ or i ivo. Graft-fromi{echnigues can
Tesut in i ghstoRBIRE S TT RIS Shob RS oattd i HhE FRbERPERC ol ot ve
to graft-to f eieosatihgsais noldl@bhia@NCavichadnad Asulial reddtyiTRE nd@fddingi ni ti at or
can be ini@oduced, into the substrate or the undercoating |ayer, for

exanpl e, swatgrialpandwriagheqatigesars sussapidhle ntoulipg pesrarolongadhe presence of
the initiator . K ratd: NIy Ln.and/ or on the substrate
and/ or undercg)és}s%gétlgggfei&f%:xalﬁédﬁg%\?q/%me{aﬁéé‘ﬁ&rgélr?gflﬁ y 25 of pol yner chains
on the surface. |nleng thebodhisert detchbedibarsint yorofouling, il yies chai ns on the
surface is fromabout Q.5 g./¢C to about. 5 ng/cn2, fromabout 1 g/ cn2 to
100 g/ cn2, o4 wraficd fégm@ﬁ@ﬂ%%" U'@?tra&]wtewﬁlsawl%q@aéﬁynati ve

enbodi ment, t Retd 1 @bLRRLKTRstRAIAIAE EBRRSCcIRALEERRS 148, PRRet rati on of
fouling materials i ?to t he coséti nga mat grl?al . cBOGr aft?%r oy%?srret hods can be
used to pildducesutimgaiobnnéncondngsewe gerpodliyrtbickenthan kelpasembledt he hi ghest

uni formty of nonsfoulin roups d shoul d exhi Qit the,highest. degree of
non- foul | ng. adtroie St bl FieR Rel s RO v be detersre teples "W 1

vari ous shapesn comflertshl bibrhathyid] Alin@Hding PoRMRer SATUGEHISES that non- The
conpositions described herein resist preferably greater than 50% 55% 60%

65% 70% 75%0d0m,cogtngs WokfedEggn onyples mede Gukwstin vive. adsor ption of

protein from sol ut 'C%th-cﬁo% te%mggésecagqg ngthgghgy%ljrfarcg gerfs%és%%t}geplss)

containing protein, nmedia, seruny or rn vivorelative 10 an uncoated
20  non-fouling material relative to graft-to formulations. High concentrations

of polymerization initiator can be introduced into the substrate or the
undercoating layer, for example, by swelling the substrate or undercoating
layer in the presence of the initiator. High concentrations of initiator in
and/or on the substrate and/or undercoating layer can provide a high density

25  of polymer chains on the surface. In one embodiment, the density of the
polymer chains on the surface is from about 0.5 pg /em” to about 5 mg/em?,
from about 1 pg/ em* to 100 pg/ cm?, or from about 2 g/ ecm? to 50 pg/ em>.
In an alternative embodiment, the inter-polymer chain distance decreases the
penetration of fouling materials into the coating material.

30 Graft-from methods can be used to produce covalently tethered
polymers which present the highest uniformity of non-fouling groups and
should exhibit the highest degree of non-fouling activity. The coatings can
be grafted from substrates with various shapes, including tubular and porous

structures,



5control for 1 day, 7 days, 14, 21, 30, 45, 60, 90, 120, 180, 365, or 1000
days. The conpositions described herein are stable over extended
peri ods oWotnmmesgeet ai ni ng at | east 25% 30% 35% 40% Pe¢PAS280867055% 60%
65% 70% 75% 80% 85% 90% 95% or 99% of their non-fouling, anti-
t hrombotic, and/or antimcrobial properties in PBS containing protein,

10nmedi a, serum or Thewcampaitioms descridad beleimeesiodaefafably greatef than €R%Pl e, at
least 1, 7, 1 2 3 4 60, . 90 0,. .36 or 1000 s. The
non-fouling T ?@réyﬁa (8 °%ﬁéﬁﬁ%¥ﬁé§gﬂpéﬁé9§%b§?”h?%39§%cgg%ionalIy from
an_under coat | Aol for oGt Ofiah For AabMHGIHEHE bhE38Y Lafid! Fecting the
mechani cal and/or physical properties of the substrate material. 15In one
enbodi ment , t RBY)ewsidieng proggigthediapdninu; ideivd cdatiNertre asivoostedor

conmbi nati gns thereaf of the coate bst r gt ithin 209 referably
wi thin 1098 nﬁ?rgmgg%rf]eﬁfiaé’bpfaﬁ’?ﬁiﬂl’ék%%rﬁgtg%ﬁéﬁeﬁggb%ﬂﬁ ?R/W&if% of the
tensile strength, W&Q&hﬁ%ﬁﬁﬂﬁ%H@&xﬁk&ﬁ&%hﬂﬂésmﬁk(ﬁ@ﬂ&h&ﬁku Sodsdher eof of
t he uncoated substrate. 20BRI EF DESCRI PTI ON OF THE DRAW N F|6%ure lis a

gr aph show ngof tiaet rgtadning af least @5 P OHb 3% ondds, 43¥G) SG%r5 5 60%, 65%,

DETAI LED. DESCEP YT Rt BT RN ot 2T MEE PSR L eri on or

"zwi tterioni ciifsindbii@land/oehgisictabid piBRi¥ih 8BSl @ntaifdhepioddin, Or NI ety
possessi ng both cationic and anionic_groups. |n nost cases, these charged
groups ar 80 hamedide serume 8L i ygior ﬁXténfi‘?%tI@FlPéﬁ’f ofime foepanmde. atleastde.

Wi tterionic po r Ve tHsPQl VRrnel ytes (e.g, polymers with

t he charged grgbt%rsﬁb%o’gi%f?%?gh “ﬁé?g’n%rs’ glln?/ts) g%]d 30 pol ybet ai ne (pol yners
wi th the anioni ¢ afitie aahifouling raatetigdsan be tlhafted droen thersabstratayoi t) .

"Polynmer", as used herein, includes honopql yners and _copql yners. Exanples
of copol ymer s OPHetaliydron g uadescqeigpe 13yt ?’ggﬂetsg,gst%%d‘ﬁmoegffj%meﬁ%}t@ and bl ock

copol ymers.  affecting the mechanical and/or physical properties of the substrate material.
15 In one embodiment, the tensile strength, modulus, device dimensions, or
combinations thereof of the coated substrate are within 20%, preferably
within 10%, more preferably within 5%, most preferably within 1% of the
tensile strength, modulus, device dimensions, or combinations thereof of the
uncoated substrate.
20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing the total surface thrombus mass (mg) for
UV carboxybetaine-coated Tecoflex rods and uncoated Tecoflex rods.
DETAILED DESCRIPTION OF THE INVENTION
I Definitions
25 “Zwitterion” or “zwitterionic material” refers to a macromolecule,
material, or moiety possessing both cationic and anionic groups. In most
cases, these charged groups are balanced, resulting in a material with zero
net charge. Zwitterionic polymers may include both polyampholytes (e.g,
polymers with the charged groups on different monomer units) and
30 polybetaine (polymers with the anionic and cationic groups on the same
monomer unit).
“Polymer”, as used herein, includes homopolymers and copolymers.
Examples of copolymers include, but are not limited to, random copolymers

and block copolymers.



"Antimcrobial" as used herein, refers to nol ecul es and/ or conpositions
that kill (i.e., bactericidal), inhibit the growh of (i.e.,

bact er i stwoi20)0/06898d/ ar prevent fouling by, m croorgani SFETIUSCIO5TIE3
bacteria, yeast, fungi, mycoplasma, viruses or virus infected cells,
cancerous cells, 5 and/or protozoa. Antim crobial activity with
respect to bact eri@Ambyichsbiguantdetlihetinselaes ta nedbaidszatliodn assay
pre-incubation with 50% fetal bovine serumfor 18-20 hours at 120 RPM at 37
C, which is pfapResitians thagkilb(iien Sagieacidelouphibit dbe ereuthelidcar e pl aced in

St aphyl ococcu o : - Wi S 2, di |l uted
from an over n?aglg tk%ﬁ’&rﬁgm? gfeggrgtltg@g%o |’2n1(€:§§c?:§e%uts¥i%tl§§ﬁ&gf’ b?& X105 CFU/
in 1% trypt ongessyyulyiahhcoplSBla, viBaepbesinariefdctedwb s, ednasrdus coBgt eria f or
24-26 hrs wth itation (120 rpm at 37 C. The concentration of TSB can
vary with %Mhea gral?ﬁ)?ﬁf"bei ng used. After incubation, the sanples are placed
in3m PBSfor 5 EifinitroRdhcBPM dhith3spbBt (6 UhbreFi S MY BeAGH @I not tightly
attached. Then accunul ated bacteria on materials aré renoved by sonication
in a new sol ut$iopaeblorBatiamassehpretiotweliatinu w5066 fdtal dosmeaerugelors quanti fi ed

t hrough dil uti |l atin er t. least.a 1, 3 or 4 |og reduction
in bacteri al 1@'&9?’0&5&5?%0 E@ﬁaﬁ ﬁf‘%&”ﬁl’é‘&}} lgr?F‘:zfg}frF%nFO_§W“én%8Wf rol. Simlar
adher ence assayabaldn, kiWIBs 4rd pldied BY S1apBllocdPcRSERES (S0Pt alTeC cel |, or
other material adhesion to the surface. A surface that has a | ower

bact eri al 1&ouR$9%n which Irgbeendileted fremcan pisrygltratitigpyto seladieni¢ o r educe

m crobi al col Qni Lon. " Antins Bl G KN rs to the
ability of a g@n%ﬁ%%t?(?loonf lf%ﬁlroe?i%?t? ! qgg/ %gpt]p @??@f‘?‘gﬁ‘wﬁm 5 ?ﬁ%ﬁ%ﬁbogeni c
activity can 2afe ihent@vsl wig BabtaiBi fog2426 hryvwith hgitationdp20mpael at 87 °Chr onbosi s.
Briefly, up to 10 liters of fresh blood are col]ected fr mA? si ngl e ani mal .
Thi s bl ood i s THepaRqeRiraan ol Tt enevry ealdghe aigepim being wedd AT r enove

articul ates, ; radiios I 'y Wthin
p ]gr?:g?atgc{f% gigosﬁglhﬁses ah19cddah e ﬁg?[g% géreij ﬂinsat%é@ radad3y

ei ght hours a vesting, coate uncoated substrates are
pl aced i n1a f POwo konpediacetinnpt B¢htiyhitabhaduifhen dicomdladfieddrcteribanh over the

substrate and then,back intqg.the bath.. A secoqd.i n‘%ﬁb%}balﬁ‘%thow |.oop circuit

can be est abl PEHEHITBF ISHRE LY SENCATLINA PRYY SOIHURR £&%hg the two

ports of the suRSLY GMiRclRhPLAR qgar{%ﬁrédwohgl}a allifich e, Bereesdly & punped in

the outer circuit at a rate of approximatély 2.5L/mn, while blood in the

i nner circuit l4ast plurdédrdtlog radaciéon ipfbagigpalsaunhieesiuys rel2ge #00 m /min. After
two hours, the_substrates are . remoyved,. inspected vi,suall.y.for. fhronbus
formation. anaoRialesophsDurel STgREATIT R Al ny AR mi viedliel: *For
sanpl es nR0 Cagdeadifg pldtedet] delESE otAEH Mataaledh&siorior el birfavay Aeuraed to
nmeasure thronbus on the outside of the 5device. "Adhesi on", as used

herei n, refer $hathay ylowrshagtenjal|cennt asyit hap anapferanee aelmermay besad ei ns,
cells, or oth 51@%@ %}83?1 éo?orﬁzeﬁwhf ace. The anobunt of adhered substance
e ofr

may be quanti proteins using the assay for non-fouling activity or
for bacteria wth thatias®abokeiic’ant usdddiendihalefeactol the hlyiliorof a
composition to resist thrombus formation. Anti-thrombogenic activity can
25  be evaluated using ex-vivo flow loop model of thrombosis. Briefly, up to 10
liters of fresh blood are collected {rom a single animal. This blood is
heparinised to prevent coagulation, filtered to remove particulates, and
autologous radio-labeled platelets are added. Within eight hours after blood
harvesting, coated and uncoated substrates are placed in a flow loop circuit,
30  which pumps blood from a bath over the substrate and then back into the
bath. A second internal flow loop circuit can be established for substrate
containing a lumen by connecting the two ports of the substrate through a

2nd peristaltic pump. Blood is pumped in the outer circuit at a rate of

approximately 2.5L/min, while blood in the inner circuit is pumped at a rate
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100t her rel avent assays. "Bi oactive agent" or "active agent" or

"bi onol ecul e", used here synonynously, refers to any organic or inorganic

t her apeutwo,20pvepdey| acti c or di agnostic agent that acti welryusesoopamss vel y

i nfluences a biological system For exanple, a bioactive agent can be an

am no acid, antimcrobial peptide, 15i munogl obulin, an activating,

si gnal i ng or sf giabdxismply £300¢00mml/adn. aftet fved hislirflghe Hibktrated alei M ted to, a

protein |Idnase, a gytokine, .a ch m)ri ne, an interferon, tumor necrosis
Waﬁég?rd

factor, growt FIX o’!n,SPeﬁFe&\Ml : qulﬂms protionrndadsered Péilgite,
recept or -t ar Ogh ik ARG ARAS oSl 6N RGO ot ARPAIEIS Bymant | sense,  an

RNA, a living cell, sin, lamnin, fibronhectin, I'Brinogén,

ost eocal ci n, oslyenpoitdricircuib may bt esal oteemicrthrofitoachiteodsjdabtthean be

pr ot ei ns, gl ycoproteins, peptides, oligliopeptides, polypeptides, inorganic
conpounds,* or H6¥netal lic conpounds, organi c conpounds or any synthetic or

natural, chem cal ofJkds@n0GisGAbd RABROKTES to MRNhQUNAIRE or cBSalged herein,
means that the conposition reduces or 25 prevents the anobunt of adhesion of

prot ei ns, i nchi@ihmgnbplowdteprsoealisner, othérayhsiancseld & surfacesThe amdigrofni cr obes
to the substr | ative to the anpu of adhesion, to a reference pol ymer
such as pol yuré@%écgseu.%%{ﬁp%%lg?%é? 9‘,1ang&8§f§?rcp§°€emsfu§@§q{ﬁ ?ﬁsa)béorélﬁﬁ'st antially
non-foul i ng i fodling apfieisencor Bictdrmith lqieo@@@hg 1BF edtanRRbyal bhbgvigngunt  of
adhesion will be decreased 20% 25% 30% 30 35% 40% 45% 50% 55% 60%
70% 75% 18oopthesiglavgabgssarss, 999% 99.5% or 99.9%rel ative to the

ref erence pol yner. “I?ioacti -EtmblrL.&inﬁgg'&\giégmﬁg@hpgéﬁgp%éd ﬁec}epr otein, also

referred to as "proteln resistance using an ELI SA assay.
For exanpl e, shengbicuslyyrefidrs & ayrgpgaii¢ doimotganiertrsrepdutic Neropliiesicast of bl ood

proteins can he eval uated by neasuring, fjhbrinogen apsorption through ELI SA
Fi bri nogen is%‘e?gBP%’Gd‘gB‘Pt&l@iaﬁ“’é‘g}‘rﬁf)ﬂ?ﬁwﬁgféaﬂFWC&%% wlogigd symikef of a

non-foul'i ng seﬁéﬁ@@,mo{a&ﬁie%geﬁ%%@ah 9&411&éc\r£%ﬁﬁl?ﬁr§m§%e§¢gpé role in

medi at i ng gl atel et and other "cell attachment. Brie €s are
i ncubat ed1%$ or 9GNP gobWs, ah a@wva@ng,signatinggt signdliaoyplifidge modeuleved from human

I , th | d th ti. ith IL.X PBS and f dt I I'ls.
The sanpl s ar S ARBISA e FBICG FBICIObRR LS 37D/ v) fotal

bovi ne serum fRelfti08kullde nddr8aS AR CEURIEHCRY, %rb@ﬂ{ fAeQGEMhhithie, sanpl es are
rinsed, transferred to clean wells, and incubated for 1 hour with 5.5 ug/nL

hor seradi sh p&pBERPasEZy IV BISFRIgHtasertimatizand peha sifpasingmee®oq v/ v) fet al
Doy, Ser U R NS RIPLERNA S ILHIZES S0 RERLFppbg oo v
0- phenyl ep@di dbrinega)dstCodARM, \Gsieppdntih; ogedtedpesoxdrie . Bibagivbakémg at 37C for
20 m nutes produces an enzyne-induced, col qr reaction, which is term nated
by the additi &6aP b¢ proteins, glycoproteins, peptides, oligliopeptides, polypeptides,
inorganic compounds, organometallic compounds, organic compounds or
any synthetic or natural, chemical or biological compound.
“Non-fouling”, as used herein, means that the composition reduces or
25  prevents the amount of adhesion of proteins, including blood proteins,
plasma, cells, tissue and/or microbes to the substrate relative to the amount
of adhesion to a reference polymer such as polyurethane. Preferably, a
device surface will be substantially non-fouling in the presence of human
blood. Preferably the amount of adhesion will be decreased 20%, 25%, 30%,
30 35%, 40%, 45%, 50%, 55%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 99%,
99.5%, or 99.9% relative to the reference polymer.
Non-tfouling activity with respect to protein, also referred to as

"protein resistance” may be measured using an ELISA assay. For example,

the ability of a composition to prevent the adhesion of blood proteins can be
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152. ON sul furic acid. The absorbance of |light intensity can then be
nmeasured using a mcroplate reader to determ ne the protein adsorption

rel ati ve wo 20omisswbs. Preferably the anmount of adhesi onParius2iwe/oemes eased
at least 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80%
85% 90% 95% 99% 99.5% or 99.9% relative to the reference polyner. For
20 m xed pr ot evalused by heasyringdibhinagendiebiptiph alsoagh BUISACEbphagdos r esonance

(SPR) or optic vegui de | i ght node spectroscopy.(OALS) can be utilized to
measur e surfaég(ﬁ\tﬁg’cﬂé‘iﬁw SUSBITY 1o icptisn heABURL LT § ATy IMRSUIES of

i ndi vi dual ant( 2ac i LDy i LLionally,
r adi ol abel ed Tpt)dr %tg%??\éssg tlsﬁb%v%ﬁ]ﬁ%@gﬁ%ﬁ?hﬁ&éﬁwgﬁ¥ %I?rj&gé sorption

from 25ei t her cdhettgghorei. Briofly camplearerinetibated for 90 minute$ Bi 3c¥hpat i bi lity" is
the ability of erial to.performwth an ropri.ate host response in a
specific <t umEBl HorRedBE aph e i=gRrHBe HewsH et BREP “ihandar d | SO
10993. Bi 0COMEIPHY nEQARATHItO0R R QRAE | PR HGSIE e MBLREGEST DY
substantially non-toxic. "Substantially non-toxic", as 30 used herein,

means a surf ageothert0 minusasias 8 At inal 0%(vhafetebgyang sshum gmbllogly hstasensi al | y
non-cytotoxi c. " Substantd.al | - Qyt ot oxic s, used rejn, refers to a
Conposi i on « HarLREN FaS Puratsrbe Tiscbr ey i Bnselor ORI Fledh ani 1 1y of
mamal i an cel k&llsal isabkea ot hBowuWitlas.s wefmL RerseRERAPEidx@ise These may be
quantified by the International Standard ISO 10993-5 which defines three

mai n t est $0t o canjyeaed pEtibiineseain dPYo)v/y} fetal bayingiserumchgrn g t he extract
e di of 4 ‘ o
o, O Sy ROl Bl AN, LA SRR, HRTE A b citaSt ant 1 1

henoconpat i bl erein, neans nis
subst anti al | y boffar dvewaihiyip il ang/il. ddoinbganoft eplxaiyhaediominednklonbogeni ¢ and

non- i mmunogeni c.. as sted by appropriately sel ected assays for thronbosis,
coagul ati on, Qr{@%ﬁﬁéﬁé‘é@ﬂ?n é@??’\?lﬁt IE?Hg%fglchéégr(? g@@%ﬁ”’i“?@?l‘ﬁb‘g%@ 4. "A
substantial I'y aH@HZJH&PJdMEé&o%FrEé’&i%B; whRh wééﬁnﬁ%{eﬁlb@,twma%{f fat 10 the

conposition does not |yse 50% preferably 20% nore preter y 10% even
mor e pr ef &b ab2y0Nifurwstcidor Ehealabtbant®ef loght intemsity ced thehdednaastiled when t he

(oLl v g esoarl s RBLLSY e bRk S RS IS Rl S B P 00t el 15 |
a henol ysi s bubhi@sls OPret& oM dNahduR B8 adife BN Willibe debreRddd 4t Rast 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, 99%, 99.5%, or 99.9% relative to the reference polymer. For
20  mixed protein solutions, such as whole plasma, surface plasmon resonance
(SPR) or optical waveguide lightmode spectroscopy (OWLS) can be utilized
to measure surface protein adsorption without necessitating the use of
individual antigens for each protein present in solution. Additionally,
radiolabeled proteins may be quantified on the surface after adsorption from
25  either one protein or complex mixtures.
“Biocompatibility” is the ability of a material to perform with an
appropriate host response in a specific situation. This can be evaluated using
International Standard ISO 10993. Biocompatible compositions described
herein are preferably substantially non-toxic. “Substantially non-toxic”, as
30  used herein, means a surface that is substantially hemocompatible and
substantially non-cytotoxic.
“Substantially Non-Cytotoxic™, as used herein, refers to a
. composition that changes the metabolism, proliferation, or viability of

mammalian cells that contact the surface of the composition. These may be
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15 A 0.5 cnR2 antimcrobial sanple is incubated with 0.75 ml of 0.25%red
bl ood cell suspension for 1 hour at 37C. The solid sanple is renoved and
cel I s spuwodownesdco 6000 g, the supernatant renoved, andrChasédbdromeasured
on a spectrophotoneter. Total henolysis is defined by diluting 10% of
washed pooled red blood cells to 0.25%in sterile deionized (D) water and

20 i ncubat i ngqtatifibd byukic RiterdationabSEndidl ISOV0YSI-S vitsctiddfinaethrétsi ng a
suspensi on of 0,25%red bl ood cells.in henolysis buffer without a solid

sanpl e. mahishisfo asasdhe cxiatonicity of satstis s ingluding theoeirast 68 cal 1 ui ds
or sol utions %r&l@cm&w{e%ﬁdnﬁeﬂ{dﬂéb&%g{a%t&@ bi ol ogi cal materials.

Exanpl es 25 include, but are not cation-adjusted Muiell er
H| nton broth, trypt‘&d)smya]ﬂ))rbﬁxmcohrmtlbleh,ezanised héreini mRansahataly nunber of

conpl ex nedi a, as a i ol o "Bi ol ogi cal fluids"
are fluids’pr 8%‘?}8%%“%153}15%?{%’?5% ne% ”;ﬂ%(;{t’é’?lﬁ% beiRgmgh- celI's, as wel |
as fluids andygygbsidn@sd ﬂch%iHnﬁHdé@ﬁ% asﬁ@ét@d BPLAEbYERSY DUty S not 1imted
to, blood, saliva, Uurine, cerebrosplna1 luid,” tears, senen and | ynph, or

any derivati v@ssah‘efoedfrombogs,,coegﬂumn pmciasomplement activatBmushiesctibed * Pol yner
Brushes" are g{l e9§‘? synonynmously and refer to polynmer chains that are
bound to a surtace (? erally through a single point of attachnment. The

pol ymers can be endAgusitirdidllf abh-ashedtidisariaee"{ Aru¥bdBére B B1R)s @At at t ached
via a side chain or a position_in the polynmer chain other than a term nal

posi t i on. 1&he thsstoprassiior drepotilyssS8Yo. relpiehlicHEe. metsprefraahbl B%.:t he pol yner
o o fosor ! Bedh ISRy SATMALALAI Mo bY@ BIEARS | hat ot &t "

zZwitterionic groups can consi © non-foul ing

moi ety or noneden tlenidllowing a@my-lﬁap;biiddgAcﬂm@mfaD%(@a@ed paolwré&)norrer s) or
pol yner (e.g.,,> .10 n& ma a)[ " Br nch" and "Branched tether," are used
Iy apg gy

i nt er changeab 1}"051?8 1cals Ige Gibertsyilics B Ad s @M%&@s froma
singl e pol yre 25k Bifentd smm@fe%fuﬁb PAACH IR ® RRLMPR Y Gha@s.  The

pol ymer may be a 10 _honopol’ynmer or copoly ranc olyner
struct ur e$5 mays B8 cor detimeraralrsamglins mmltaaﬂaé mm:ﬁ)mmdipf 0.a85%hed elood i n part,

O 2o1on ouLLop T sSh ek a0, Jovebe L Lged Lo el L e or more
branched t et hggur@vbs embtﬂelsaﬁan&hﬁﬁ@ﬁlbyeé An@URUDSH T AhBaifed h @N
undercoating layer covering a 15substrate.
a spectrophotometer. Total hemolysis is defined by diluting 10% of washed
pooled red blood cells to 0.25% in sterile deionized (DI) water and
20 incubating for 1 hour at 37°C, and 0% hemolysis is defined using a
suspension of 0.25% red blood cells in hemolysis buffer without a solid
sample.
“Complex media”, as used herein, refers to biological fluids or
solutions containing proteins or digests of biological materials. Examples
25  include, but are not limited to, cation-adjusted Mueller Hinton broth, tryptic
soy broth, brain heart infusion, or any number of complex media, as well as
any biological fluid.
“Biological fluids” are fluids produced by organisms containing
proteins and/or cells, as well as fluids and excretions from microbes. This
30  includes, but is not limited to, blood, saliva, urine, cerebrospinal fluid, tears,
semen, and lymph, or any derivative thereof (e.g., serum, plasma).
“Brushes” or "Polymer Brushes" are used herein synonymously and
refer to polymer chains that are bound to a surface generally through a single

point of attachment. The polymers can be end-grafted (attached via a
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"Degradation products" are atons, radicals, cations, anions, or nolecules
which are fornmed as the result of hydrolytic, oxidative, enzymatic, or

ot her chewDealo/(sswoesses. "Density", as used hefreirrys2e0efoeTos3t o t he
mass of material including, but 20not Iimted to, non-fouling nmaterials and
bi oactive agents, that is immobilized per surface area of substrate.

"1 nter-pol ymetergieil gro@b}Zbﬁz{ﬁaﬁhed ds aykiedhbigr@iamositioh éi thetpd i@ di st ance
bet ween non- fouI i ng %é yner |ns on the surface of the substrate or
under coati ng Fiafepthept Pért%fmfﬂ} Popitienif&e palymersca Wenesar t he non-f oul i ng

25chai s decr gaagndd G R RREHHR! ORI Sl G HEENIALA chiltnbifg coati ng

mat eri al . "Ef f ective ensity as used herern, neans the
range of densphirdsy sii slﬂabhaenst ihatwintaew ewdterioniceanolgs. Jhe fsaie&haahﬁ eat
i ncl udi ng, - but not

dto ntimcrobial or foul i activity, as
ot i ned el o oM SpBoTop BR R Py HBr AP PP HP LIty { unet i onal
groups 30whi chiibaMe: @1%.,3L 0 MohymbiRY oMRIIBher (BUE h> @ERhHALR) L ypi cal ly include
one or nore hydroph| i'c functional groups, such as hydroxyl, zwitterionic,

car boxy, anino, H@ncmm@p%&@heﬁy@h@ ‘evie beeddntemhangegblyaand/refier et her
groups. "I b|||zat|on her refers to a
O oerral or bRCaREDEt SBcnie T RRinAE o Sndl? BsHEL Sl BHC) v ¢ t ached
directly or lfﬁiinﬁméshﬁtwﬁf@oﬁnﬁb@ﬁélffﬂéﬁchauﬁo Irmlynhdrmt W refers to

i mobi | i zatl on of two or nore agents. 5"Non-degradabl e" as used herein,

refers tol%mat 8pmapolegispesianobimaett Ragnched rﬁéfﬂernve ster sirggiiies awsitcy wi thin a
bi ol ogi cal enyj félf‘&%naedn’i *}ﬁ%w&ﬁlﬁlo\é&d ‘%ﬁ‘uh%le Jr%ﬁg&ft 'eont%'srgén,,tg{}ﬁ%mt' cally or

oxidatively to cleave intd , as used

herei n, refer sdi@ialandmal & whizethto mtlﬁblmhaé oﬂee(&rsrhorEE)%acﬁﬁb s, Ib% 40%
45% 50% 55% 60% 70%  75% 8 %, 85%. 90% , 95%  or % of their original
material prop8PEf ém,er%t $he ang lgééelhfw éé‘?ndéH’g‘?feA %W%F%Iﬂth%glay

S ST AL Al sl bl et Bk 7, 11,
Vi vo. 15 substrate.

“Degradation products” are atoms, radicals, cations, anions, or
molecules which are formed as the result of hydrolytic, oxidative, enzymatic,
or other chemical processes.

“Density”, as used herein, refers to the mass of material including, but

20  not limited to, non-fouling materials and bioactive agents, that is
immobilized per surface area of substrate.

“Inter-polymer chain distance”, as used herein, refers to the distance
between non-fouling polymer chains on the surface of the substrate or
undercoating layer. Preferably, this distance is such that the non-fouling

25  chains decrease the penetration of fouling materials into the coating material.

“Effective surface density”, as used herein, means the range of
densities suitable to achieve an intended surface effect including, but not
limited to, antimicrobial or non-fouling activity, as defined herein.

“Hydrophilic” refers to polymers, materials, or functional groups

30  which have an affinity for water. Such materials typically include one or
more hydrophilic functional groups, such as hydroxyl, zwitterionic,
carboxy, amino, amide, phosphate, hydrogen bond forming, and/or ether

groups.



15" Substrate”, as used herein, refers to the material on which an
undercoating | ayer and/or non-fouling coating is applied, or which is
fornmed alwoanioessgart of non-fouling material, or on whipch/usk@oneris oul i ng
and/ or anti-mcrobial agents are inmobilized. "Coating", as used herein,
refers to any tenporary, sem -permanent or 20permanent |ayer, or |ayers,
treating or coveri ﬂgnﬂolﬁhl:ra‘uaﬁ’éor “u’hmcﬂﬂlaieidh,gasrmyd heaecia, eiggtcal nodification
of the underl inq%, fubstrate or mvo{gel\ the addition of new materials to
the surface ofmefohal eherqike agen:ihatsayalest BAYIoHERiEady el ckness to the

substrate or 8@@&3@ 1ﬁ'd1§é<!{l$r?&?s%ﬁgﬂecato%?lmﬁiah%" Fer§ fie substrate. A

coating can be a vapo rquid, paste, 25sem-solid or solid. In
addition, a CMDh@lzamndfewaprdeawta i qU| d and solidified into a solid

coat i ng. nder coat.i.n a Jefers to an atl conbi nati gn. of

coati ngs, ‘%Jr functi® ?l’gfi gz%‘iah} JEPSehleFinn gﬁ P%@l%"m?’é’?% rface or a
portion thereab nbidgst s 1@6&911?'\&%%1asﬁ?dgléwenv?iﬁm'ﬂ%télﬁﬁs@h' ng" or
"Substantially non-leaching”, as used herein synonynously, neans that the

conposi ti ons hdralytisaldy, eetuetivel heamzpooticablyur o8 BREIvEB Y clgpgintp5%, 80% 85%
90% 95% or f _the |rrrmb| ed coating or bioactive agent over the
course of 7, %{ﬁ%(?r e%cgglpon?r%tiooo days in PBS containing protein,

medi a, serum. or Iﬁsmbm as TisécShegéln, llaﬂaraﬁ)sxﬁa@ﬁﬁllsuﬁﬁmef@daﬂb@b%%d acti ve
agent. her" or "tethe her ei n

synonymoul?y, 3904’5 ér%; ﬁMaWn%Qoreé}?/eaé%o@ 9. 7§%>:38%e§§1%e§0%o?5%ol ymer used
51t | t

i oct i ve agent 7GRt R SR Bd BN kLS AR RACBTeP1C OO Coul e
remai ns as panbn-6éulinigearfti- Mmbmm@md/cmmmbmbMactﬂh@ foed tiee ofdn be either

agents. The. t d HorOcdh 163 GrOp dREr PR G HEVaF e SHemEHBtTHBY, | he
tether is in vivo.

15 “Substrate”, as used herein, refers to the material on which an
undercoating layer and/or non-fouling coating is applied, or which is formed
all or in part of non-fouling material, or on which the non-fouling and/or
anti-microbial agents are immobilized.

“Coating”, as used herein, refers to any temporary, semi-permanent or

20  permanent layer, or layers, treating or covering a surface. The coating may
be a chemical modification of the underlying substrate or may involve the
addition of new materials to the surface of the substrate. It includes any
increase in thickness to the substrate or change in surface chemical
composition of the substrate. A coating can be a gas, vapor, liquid, paste,

25  semi-solid or solid. In addition, a coating can be applied as a liquid and
solidified into a solid coating.

“Undercoating layer” refers to any coating, combination of coatings,
or functionalized layer covering an entire substrate surface or a portion
thereof under an additional coating.

30 “Non-leaching” or "Substantially non-leaching", as used herein
synonymously, means that the compositions retains greater than 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% of the immobilized
coating or bioactive agent over the course of 7, 14, 30, 90, 365, or 1000 days
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10 greater than 3 angstrons in |length. The tether may be non-fouling, such
as a nononer, oligoner, or polyner or a non-fouling non-zwitterionic

mat er i al .wohelomwsdser may be i nobilized directly on thePsmhstocae7oos on a
pol ymer, either of which may be non-fouling. "Non-naturally occurring am no
acid", as used herein, refers to any 15 amno acid that is not found in

nat ure. Non- nat PB&koaainiiy @6ieils niaddd, setamany ixD+aum Tids aa ekSass@vidho acids with
side chains that are not found in nature, and peptidom netics. Exanples of
pept i domi met i 8¥NE AAAAREIEIRHIVEAE ot 1imited to, b-peptides, g-peptides,
and d-pepti des; olkggggb%IMQﬁkgggQ Ny &g%uggpmggﬁpt hel i cal or sheet
conformations, such as conpounds”having 20 bacdkbones utilizing bipyridine
segnent s, conppwnssiohsyj refprbrciolyonascule,idriset afgnadeduiapbofil gmemised act i ons,
conpounds having backbones, ytilizing side chain interactions, conmpounds
av g backbo b G SR DHiFaP0G B OB HE SRR o SR conpounds
havi ng backbopgsictitd ddeZisNG dBRIRhatoAO (k¥ bh Amatéidl viHerd i€ ndRdy®: acids in
the human body, except guy0|ne, 25 exist as the Dand L forns. Nearly al

of the ami no &whaiss aceant ofithyfinal chemisabcampositiva. | Thedether capbesither of t he

am no acids are_not.found in the protei.ns.of higher or.ganisns, but are
present in so ez}ré)\w};anf;g? WR%P Ty ?$rg?reSSﬁtg%foggminho%?%ng?tgg?cq%laig%nt%f bacteri a.
They al so ar e Theikkrican $0aRy RARDIHEW &S, iR BROEmb&EMenS ticapthengci n,
actinonycin, bacitracin, and tetracycline. These antibiotics can 30kil

bact eri al 1@e| Ecatsy thag aresiromy inepgiht Hbe tgheranaobe wm-foubngisheh petessary for
viability and ' A rring - am | al so

i ncl ude residggggﬁﬁﬂﬁgﬁbﬁg%gwgpgg%%Hg?héyﬁﬁgﬁgf%g?%?&%%ﬁgéﬁg%ﬁ %c protein
adsor pti on, wiihetethaynbebdieshepibebddreetinancie: tubstrge esens polyarr,of the

anti m crobi al qutid ..n biolo ig?l,fluids, and/ or polynerizabl e side

chai ns, whi chehgmfvhighmay vepgpedqulings nol yner brushes” using the
non-natural amno aﬁbﬁ-na&éaﬁ%%umntgmn& h&aPERLEAERraR, ARIOMRIC Uni ts.

"Pol ypepti de", "peptide”, and "ol I gopeptide” enconpasses organi'c conpounds
conposed 4% amimig add dwt iswoe fdvad imastureal Nomsyattitab tinooorcidsiingludesnyst her eof |

that are link t oget her chem call.y b eptide bon Peptides typically
contain 3 or FEPETIAE: dbraeerEtePde i HIPE TR 19Ul PECE an 150
nore pref er ablpypli@sinidics) BLaplaist pepadomngdRE alludePal WReLtIingiRd 51 am no
acids. The polypeptides can be "exogenous," or "heterol ogous,"” i.e

producti on of ‘pdppentidss. wrnetifesapndd-gapidem eigossrs havivg bagkeonest nat i ve to
t hat 10°rgan'%ﬂh&fmﬁﬁ%%Pgiﬁﬁgéﬁéh<¥@&%b99&(ﬁ§9&k9%sg& 8%%@?9%%Fa bacteria

cell. Exogenous also T ubstances t7are no ® the cells

and are afgided tackHones ailidisg bipgridiaapamsadtd, coppeagie havise tatkdohed S, which are
produced by the_ cells, The peptide bond involves a single covalent |ink
bet ween the caiigipgisolyephgbi¢ usjadivnpeammeyndshaysg baskbdise vili#ing aci d and

e e, 19, AN QPO MR PRV, hupsah gt Lover
and pepti des wiohdling interactions, and compounds having backbones utilizing metal
coordination. All of the amino acids in the human body, except glycine,

25  exist as the D and L forms. Nearly all of the amino acids occurring in nature
are the L.-forms. D-forms of the amino acids are not found in the proteins of
higher organisms, but are present in some lower forms of life, such as in the
cell walls of bacteria. They also are found in some antibiotics, among them,
streptomycin, actinomycin, bacitracin, and tetracycline. These antibiotics can

30  kill bacterial cells by interfering with the formation of proteins necessary for
viability and reproduction. Non-naturally occurring amino acids also include
residues, which have side chains that resist non-specific protein adsorption,

which may be designed to enhance the presentation of the antimicrobial

peptide in biological fluids, and/or polymerizable side chains, which enable
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nore than ten am no acids are terned pol ypepti des. Conpounds w th nol ecul ar
wei ghts of nore than 10,000 Daltons (50-100 amino acids) are usually terned
pr ot ei ns.waQbAwnisssencr.obi al peptide” ("AnP"), as used hereirns2000femns3t o

ol i gopepti des, pol ypeptides, or peptidomnetics that kill (i.e., are
bactericidal) or inhibit the growth of (i.e., are bacteristatic)

m cr oor gani snehel s9aihusls ofjpdlamtebiushesyemgtthe hoigaturaiyebipl RfRsidues uses or
virus infected cells, and/or protozoa., 25"Coupling agent”, as used herein,
refers to any“HolebgPeptiles anBePeRErIG Ukt ance whi ch activates a chenmi cal

moi ety, for exanplep Bl-oagt | e GYRH > Lal,. which it
will be attached, to&gﬁ)el%g\?véf’opéﬁfﬁg‘rén’a%igigohhgép ega%%vacgﬂﬁg%%sa‘%%@%oval ent bond
bet ween t he biaaptunds cageotedwlieménmadidre winather nathrat sgsthetit orrmeiaairas ng i n t he
final co si tion ter attachnment. 30)Cysteine’, as .used.herein, refers to
the. an no Sei theegpés b e Bt OgRtrahPRIGHELS 68 4 ERES T EPHEY of n' t he

anal ogue cont @&l1g chbh 38 ihbdinyiho G&i@s Breferably moMBRY ARfd 184 @8R N9

antim crobial "agent”, as used herein, refers to any antim crobial agent

t hat retains i8¢ rheretpegierablydesssharhb ¥k end owsatreferabby bativegn 9 amdhl i mmobi | i zed
on a substrate_and can therefore bhe used to create.an i bi l,i.zed

antim crobi al “ufit ot 1 TeRe bl SRt X RO KRG Bl ST
antim crobi al pa@eefion Sf FPtias!Wwithia aab@inipest ddiahatanédndthad ot @ar embodi nent
it is a quaternary ammoni um conpound or polyner. 5"Inmmobilized bactericidal
activity"1@s qesgisHeee; sychpe hymep pelyaeptislgisedusad byiabpetpiid callcr oor gani sns

i ncl udi ng bac i i Vik.: e Vi i nfected
cells, and/or EE%?%%S%??%g?isgg%\%basgagx‘%ﬁg&gazgﬁgcng{t&gﬁorﬁggézlgsedrnlda ®tar gets,

bact eri ci dal addddubithe cally, Beompardditd erdbgeaoisheategarotvhicmaefprodieblie bacteri a
based on the ASTM 2149 assay . for imobilized antimcrobials, 10 which my
be scal ed dovm]?yfﬂ%f'rcei]ﬁal edshifeRonddnyJresnangly sowlert dink betwesnihf e of a

target bact ericabbfydng (@S{Z?é}iﬁﬁéaﬁglg%%_ﬁgﬁéf&@tahﬁﬂ? ﬁcqg%lﬁ&ﬁféa'}éﬂﬁé' er Hnton

Broth, is diluted pr oXT mat e I'x 10 cfu/ H 7.4 Phosphate
Buf f er ed $al i mgrageinfjaacqond datimr mideSmel peptides moth foetrbena®dE0H and cel |

density. A 0.5 ¢ ) le of, i biljze ntimcrobial . 15 surface is added
to 0 75 i of CPRETIILPBIOAeIds PR RRieR L S e s Re sk sifer ed byt he
liquid and shewd:6 e tesHRReHIs Ate Bifed\bdIPpdptiaed. CosipRhdaNmyNt of m xi ng
that the solid surface is seen to rotate rfough the liquid. After 1 hour

of i ncubat i on madequlaiweadghtsof oare thin { He0HRekters QP-K0spunepdds)are pl at ed on
agar plates a%guaqultg%e% };trgte%rsow overni ght for quantifying the

20 “Antimicrobial peptide” (“AmP”), as used herein, refers to
oligopeptides, polypeptides, or peptidomimetics that kill (i.e., are
bactericidal) or inhibit the growth of (i.e., are bacteristatic) microorganisms.
including bacteria, yeast, fungi, mycoplasma, viruses or virus infected cells,
and/or protozoa.

25 “Coupling agent”, as used herein, refers to any molecule or chemical
substance which activates a chemical moiety, for example on a bioactive
agent or on the material to which it will be attached, to allow for formation
of a covalent or non-covalent bond between the bioactive agent wherein the
material does not remaining in the final composition after attachment.

30 “Cysteine”, as used herein, refers to the amino acid cysteine or a
synthetic analogue thereof, wherein the analogue contains a free sulthydryl
group.

“Membrane-targeting antimicrobial agent”, as used herein, refers to

any antimicrobial agent that retains its bactericidal or bacteriostatic activity
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20vi abl e cell concentration. Preferably at least a 1, 2, 3 or 4 log
reduction in bacterial count occurs relative to a control of bacteria in
phosphat ewvbubfearesosal i ne (PBS) wi thout a solid sanpl e. PCT/US2009/e7012r m
"alkyl" refers to the radical of saturated or unsaturated aliphatic groups,
i ncluding straight-chain al kyl, al kene, and al kyne groups, 25branched

al kyl , al kenewheti irankyitieed 60 dpshstraiecindauk YHerdfate l)Btd @) credty ah 0al kene, and
cycloalkyne groups,. al kyl ,. al kene, or _al kyne substituted cycl oal kyl

cycl oal kene, #rmehiliz %%ﬂlnyﬁ@r@ﬂaéawaceaﬁa oe%mb%wm dieggenbigned al kyl

al kene, or al t chain or
branched chai n@‘g‘?w laﬂﬂggcr%lggl e {eﬁep%ﬁuﬁg@gﬂg la?’r?ﬁ??isgrgda bone (e.g.,
Cl1-C30 for SOSnlbadlthrtlmaaquat@ﬁm&aﬁﬁnémmnbmmbmdhghﬂym&r preferably 20 or

fewer carh, ns nor e, er apl ss. than carbons at ons, npst, preferably
| ess than PRl PR G v A Pt et ey S Bl GA SRR Inf om 5 10
carbon atons b&ble‘lﬁlc[ocﬁgé?ﬁlsn%st ﬁlla'I&HH{g%act%ﬁQ y"@éEteﬁfﬁ'g?Wc%?ﬂaMnQav‘ﬁ%sgb 6 or 7
carbons in the ring structure. be understood that "substitution”

or "subst|tutedVHwnmﬁu&é$6ﬂh@nd@panQMmpmuvomemuhamuﬁucHﬁs@bsmnaMt|on isin
accordance w ;h%aer m'tt t.e bence of t he S %ft'tﬁg d ato g

substituent, SRETHAPePRdel A Fay b Srﬁlufné S ehre ltogtﬂ en‘pound e.g.,
whi ch does nOba@&%E@B@@h‘ﬂieYASﬂdﬂl@@ é&@%ﬁfngﬁmﬁhtmxﬁm&oaﬁﬂéoy
rearrangenent, cyclization, elinmnation, etc. As used herein, the term

"subst i t ul@d" Whichomay berpaladedevendfor rapll samples apfelamesampeersighbt i t uent s of

organi ¢ conpo mﬁﬁ ¢ ents include
acyclic and c?c I ?:Ol?grtag %k}fggtgnggpgg{)ran%ﬁedggcar S?fg |vcbdi\]}nsIt eterocyclic,
aromati c and M&DHMW@B&QBubﬂtlutbdlwﬁ@r@}flnﬁte@ﬁmxms@ﬁﬁﬁlﬂdﬂ@lﬁl 741 lustrative

substituents incl yde t are not limted toq, ar het eroaryl , hydroxyl,
hal ogen, al kofPOsz’PEerl%}lt ‘Eﬂ$‘ﬂ£}’@r‘5ﬂng agif "émpneda‘f?xhﬁu()%@%‘é‘feﬁﬁut ed and

ursuOst] |t e DBt oy OIS MK AN 2
sul f onat elb5s ulstuditce, is addeﬂit01917énnlrrcf theshddtambylhspemm 1Bsadafipld should The
T Bl & oD, RS B TR 1% T PRI s o™
het er oat ons s ugfdudsofMhixiRASE tH@onﬂPéﬁ?fabé/ Areaen roksthtduds rﬂﬁéhq?\ﬂ&'./ or any
After 1 hour of incubation, serial dilutions of the bacterial suspension are
plated on agar plates and allowed to grow overnight for quantifying the
20  viable cell concentration. Preferably at least a 1, 2, 3 or 4 log reduction in
bacterial count occurs relative to a control of bacteria in phosphate buffered
saline (PBS) without a solid sample.
The term “alkyl” refers to the radical of saturated or unsaturated
aliphatic groups, including straight-chain alkyl, alkene, and alkyne groups,
25  branched alkyl, alkene, or alkyne groups, cycloalkyl (alicyclic), cycloalkene,
and cycloalkyne groups, alkyl, alkene, or alkyne substituted cycloalkyl,
cycloalkene, or cycloalkyne groups, and cycloalkyl substituted alkyl, alkene,
or alkyne groups. In preferred embodiments, a straight chain or branched
chain alkyl has 30 or fewer carbon atoms in its backbone (e.g., C;-Csq for
30 straight chain, C;-C.3 for branched chain), preferably 20 or fewer carbons,
more preferably less than 10 carbons atoms, most preferably less than 7
carbon atoms. Likewise, preferred cycloalkyls have from 3-10 carbon atoms
in their ring structure, and more preferably have 5, 6 or 7 carbons in the ring

structure.
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perm ssi bl e substituents of organic conpounds described herein which 20
satisfy the val ences of the heteroatons. This pol yners described herein are
not i ntemsledotomeb®ol imted in any nmanner by the perm ssipbirassedostiotsient s of
or gani ¢ conpounds. Conpositions A Substrates 25The non-fouling material may
be grafted froma variety of different substrates or an undercoating | ayer

i mmobi ['i zed on t heltsuli$kat@stobd ampl @bsixution drablrtimréerihdl&sithe! ude, but
are not limted to, netallic materjals, ceramcs, polymers, woven and

non-woven fi bEPRICI piayiso that sichanBstigfion igdn ageprdeses WHh@esHBd nat i ons
e o | VAR Bl B4 BRI Rl Rl TR TR HARL, L han ol d

or glass. Suita Ic materials I nclude, but are not edto,
metal s and al teyks hassablocorhpdd; eim, whikhhdees notrspbhayedislyi dndsigem ( ASTM F67)
and titanium all qys, such as ASTM F1108, Ti-6Al-4V ELI (ASTM F136), Nitinol
(ASTM F2063) . URILRBIUPR U BV ReREAEemat Y HARL FFORGOR 1By ot er al s-

stainl ess steel (Aﬁl%melﬁntﬁe Fe}ﬁ?ﬂg)substtﬁ%@'l 1%'%1&@1%%%6559%@111%52{” adi um

zi rconi um ni obi um nol y enum ni ckel - chrone ertaln co oys
i ncl udi ng St eptmm@lblc@ﬂd&kltueotsrﬁmgamc(c\dm}muhdunhn aABTM dspectathe Wought

ELGILOV(r) and PRRREKE OGP ST EeR SR LR AT ST P, bt are ot

limted to, oxhbleScheddahad9slic Ad HekdrbddE8, é?&mﬁf@aﬂcﬁﬁﬁ%i&xﬁ% el ements such
as titani um oxi des, hafnium oxides, iridiumoxides, chron um oxi des,

al uni num HXi dewbstitisats af prasnicLPmperads . Illsi;tratwoﬁubsamtsnmieda,éwsares uch as

ot i ted 80 BATsERS R A0SR QG BRYYERAG SRS ol BRIy Toned. ©

such as pol yetilifdrghandne (sobstitpreopyd ensbstraled|, ucabhane midopelkyakioy| at es and
pol ynmet hacryl at es, pol yacry| am des and poI rret hacr yl am des, polyesters,
pol ysi | oxanes ParEWV&WsSUCbaF Giters L Isbnss ydeso P ebOREAEY;

thiolcarbonyl groups, sulfonate, sulfate, sulﬁnylammo, sulfamoyl, and
15 sulfoxido.

The permissible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of this invention,
the heteroatoms such as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which

20  satisfy the valences of the heteroatoms. This polymers described herein are
not intended to be limited in any manner by the permissible substituents of
organic compounds.

II. Compositions

A. Substrates

25 The non-fouling material may be grafted from a variety of different
substrates or an undercoating layer immobilized on the substrate. Examples
of suitable materials include, but are not limited to, metallic materials,
ceramics, polymers, woven and non-woven fibers, inert materials such as
silicon, and combinations thereof. In one embodiment, the substrate is a

30  material other than gold or glass.

Suitable metallic materials include, but are not limited to, metals and
alloys based on titanium, such as unalloyed titanium (ASTM F67) and
titanium alloys, such as ASTM F1108, Ti-6Al-4V ELI (ASTM F136), .
Nitinol (ASTM F2063), nickel titanium alloys, and thermo-memory alloy
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15pol y( hydr oxyal kanoat e)s, pol yfl uorocarbons, PEEK, Teflon, silicones,
epoxy resins, KEVLARO, NOVEX(r), DACRON(r), nylon, polyal kenes, phenolic
resins, RVBBpiowmbsasnal. and synt hetic el astoners, adhesi vesTtasdowastoant s,
pol yol efi ns, pol ysul fones, polyacrylonitrile, biopolyners such as

pol ysaccharides and natural |atex copol yners thereof, and conbi nations 20

t hereof |n ongagmaRditainss bbe (BSTsL F@B@aﬁ@FH&%ﬁdﬁtﬁﬁm sihg g3eb)y ur et hane or
CARBOTHANE(r), .ali phatl c pol ycar bonat e based ég{/(;Jret anes, available from

Lubri zol Cor pmlm@m zingprifie HioRi Wk raplybénsi mapek hresPon cag@ints and
plasti ol zers, ARRMBLYiBARiRY SERHY SRRLAVEH Y \tf{ﬁﬁhERA@&% NPEASE QPP OPr] at e

regul atory agency use 117 VIivo. e su optionally contain
a radi opaque &ddught\cebalsdﬁbmn BASTNITF S, faatl @ oldit-tirsimittnh-nicikebalthyk n

radi ogr ap ng. S r may be in the formof, or formpart
of, films, pa?‘t asgif(lhsﬁfo%ﬁl?g‘%ﬁ&%% croparticles, or mllimeter diameter
beads) fibers (mgﬁﬁ@ab@é@e?éiaﬁgﬁatel@é}g‘ﬁﬁﬁﬁé bxﬁ%&b’-xﬁat ARG s, SPONQES,

i ncl udi ng woven and non- woven sponges and those EESlgne Specifically
for dental orcopliehalr mtudwfghe irasjjorsalegéendabychme ditadim oxiddent al

B

products, endgpennan oxMedfdiBeon(tabed meicRglsssih las 91%@57%@%150 By, stents
(i ncludi ng coronar ureteral, renal, biliary, colorectal, esophageal,

pul monar y10ur et hra vitebieipalseet am}erlabtleﬁvdfgrbaf arg npt hmlta@ltmg abdom nal ,

t horacic, and hera a acemaker | ant abl e

cardi overter- 8@3’ n‘elagg Sl;llbsg&ga %‘?1%8& reI%SyR%lﬁl?%x e?g%)is%cﬁ Ther apy b5devi ces,

car di ovascul apol@emyme hﬁ@ﬁ@[ypﬂopmem ?ﬂﬂmeambﬁ;t pdlgacrgess andd drivelines,
heart val ves, vena cava filters, vascul ar coils, catheters (incl udi ng
central venou® yﬁ@ﬁhaﬁwé#t% P@lé/ﬁ‘%fb’@lml ¢f Adinedymeshacrypmides, palyssiset-ed, di al ysi s

access, urina 3/&“&%5?# ggfggf%rs B&%&%S&ém g@%@ar@%{ﬁ&kf bal | oon punp,

angi opl asty b oon ostie terventr del i very, etc.),
cat heter lib)copnbrchyaﬂmcyaﬂ«inmé)a,qmljﬁlmbmmg, Pleek| "ééﬂims sibiommecipoKs) |
i ntravenous delivery lines and man unt s vvound drains_(internal or

external incl {RFilg ﬁtArR@UNQMEX@nPﬁ%@Hﬁ%Wl%nE%!W ad Phgipbperi t oneal ),
i al vl TombraRSpThE R AM R hei0RhL AR MRLRR! 80 RdRKY acheal tubes,

t racheost ony ven rea S and circul gui de wires,
fluid polyolefins, polysulfones, polyacrylonitrile, biopolymers such as

polysaccharides and natural latex copolymers thereof, and combinations

20  thereof In one embodiment the substrate is a medical grade polyurethane or
CARBOTHANE®, aliphatic polycarbonate-based polyurethanes, available
from Lubrizol Corporation, blended with appropriate extrusion agents and
plasticizers, possibly one already approved by the FDA or other appropriate
regulatory agency for use in vivo.

25 The substrates may optionally contain a radiopaque additive, such as
barium sulfate or bismuth to aid in radiographic imaging.

Substrates may be in the form of, or form part of, films, particles
(nanoparticles, microparticles, or millimeter diameter beads), fibers (wound
dressings, bandages, gauze, tape, pads, sponges, including woven and non-

30  woven sponges and those designed specifically for dental or ophthalmic
surgeries), surgical, medical or dental instruments, blood oxygenators,
ventilators, pumps, drug delivery devices, tubing, wiring, electrodes,

contraceptive devices, feminine hygiene products, endoscopes, grafts
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15col I ection bags, drug delivery bags and tubing, inplantable sensors
(e.g., intravascular, transdermal, intracranial), ophthal mc devices

i ncl udi ngwoantssIshenses, orthopedi ¢ devi ces (i ncl udi ngprhirseomloants, knee
i npl ants, shoul der inplants, spinal inplants (including cervical plates
systens, pedicle screw systens, interbody fusion devices, artificial disks,

and ot her nDtUﬁﬂu&&@@ﬁﬁﬁ&ﬁ@ﬁ&@mKGﬁMbpﬁ&hsﬁﬁ@h@M@coﬂh@ﬁ@&mﬂéﬁNﬁ%ﬁL rods,
i nt ranedul | arig nails, bone cenents, artificial tendons, and ot her

prost hetics oPillapacolgrestal gsaphragddypdawparyderethipl, paghyasaelst). $eiti odont al
inplants, b i f ihe i mplants,. .oaxi | hal I ts,
P ant s o225l R PSR Snd AR e R LA BckBABDLS,

needl es, her niplas@blcrcardiskes:-défkbrtlatrs foagRag@gynedtoniafen deedpy vagi nal
slings, prosthetic neurologjcal devices, tissue regeneration or cell
cul ture de¥i c8evicesy cagioupschisargvre ads ceririgelatassist #viced@d n contact with

the body. or "aHMV&HCEJ&%QI&Q’EIV@%X@R& 4 %rs,'é?xdi%@ef‘s.c{i’lﬁp&ﬂ{s”@éi‘ﬁeter%he substrat e

is a vascularly inserted catheter such as a peripherally inserted central
cat het er (Pl COn¢eludmgteeatralwenauss perdhecd téretabrmidGWE)peripherhle trmadelatly si s

cat heter, venqus val ves, punctual lLugs, and jntra-ocu devi ces and
Cpl ants, | ibrecemmute ool doisirel b s bdlhoRA i nsor t ec
cat heter formgdoibpiatty dan&si, Q%@n&it%ﬁﬁt&@%ﬂéﬁ%lb@ﬁl@gﬁﬁvé}?@ tCARBEERANEO or

formed froma nmaterial coated wth a nedical grade polyuréthane or
CARBOTHANED,  connectoThandraves ducludingmeedieleas sommaetor).dotrisenadded to paints

and ot her coatjings and filter o ,prevent m,l de bacteri al contam nati on,
2nd in ot hor - S2PRTY B S RRIL” PR SeT el Erefedioul (ng. - such
as marine applisddih@denthishaD véititulegaitbas and luBbopeaninsal), Alidlyqs pel i nes,
i ndustrial piping, pharmaceutical equipnent, drug delivery devices such as
i nhal ers, cont@tbrpeassi@fusianerigl cachiseampants.cadpipdedldpbdsn vi vo sensors,

textiles such i d i il at.i conduits,
oor knobs. - dovhSsORR b€ LARARD: SRR @heiF Uil VARL AL, MQaConT
suspensi ohs bicoliattion bhgs, dapatedivedrbagpand @bngf masihntablakemors (egl,] separati on,
wast e water treatnent, vvatgr ggr.i ficati.on, gi f)r,eact,ors,, agd f ood
processing. Intrava rpstapag intrrcaig).ophPelnisdevices megingsur f aces of

fibers, particyh@l@ene8brihbbiBe iicdsNhcARMd B3hipARtsCkndeGtbldn®S, additives,

shoulder implants, spinal implants (including cervical plates systems, pedicle
screw systems, interbody fusion devices, artificial disks, and other motion

20  preservation devices), screws, plates, rivets, rods, intramedullary nails, bone
cements, artificial tendons, and other prosthetics or fracture repair devices),
dental implants, periodontal implants, breast implants, penile implants,
maxillofacial implants, cosmetic implants, valves, appliances, scaffolding,
suturing material, needles, hernia repair meshes, tension-free vaginal tape

25  and vaginal slings, prosthetic neurological devices, tissue regeneration or cell
culture devices, or other medical devices used within or in contact with the
body or any portion of any of these.

In one embodiment, the substrate is a vascularly inserted catheter

such as a peripherally inserted central catheter (PICC), central venous

30  catheter (CVC), or hemodialysis catheter, venous valves, punctual plugs, and
intra-ocular devices and implants. In another embodiment, the substrate is a

vascularly inserted catheter formed from a medical grade polyurthethane or
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15el ectric/optical appliances, packaging materials and col orants/i nks.

The substrate nay contain an initiator to initiate polynerization fromthe
surface. Wwonosxmswhe, such substrates nmay initially havecrascealos7oisbi bed
in the surface or within the substrate and may for exanple, initiate

pol yneri zati on of polynmer chains. For exanple, substrates, such as

20pol yur et hane ARRBOTHANE® af &mlke@ ffodf Mnfafdiaf 8datedMvitR b ARG Bfaden t he
substrate. In some enbodi ments, the substrate is substantially free

of thiol groupslyutetisne ios CARRBOEHBHNE®L es do not contain a thiol noiety,
such as a thiol Ii n_anot her enboagi men he substrate may further

er. | t
contain an under codff AT/ TSRS eap W%W%%@lﬁtﬁwﬁgt?ﬁbstrate. Al so

contenpl at ed 28:ihes 8hdfiltsrs fo SebStt AR W) BU¢1BYal VR MindBh CardiUh oRifegs not
capabl e of sinultaneous exposure to a l'ight source. 1. Effective Surface

Ar ea S | napplitiativmnvhese tthedesiebiedalprayentfosling, swchofs margesubst rat e, t he

m cro and nang ﬁt‘crHCt u(i‘rgf g]}‘ thet.su trlgt,ﬁﬁ su[facle ma%dbsﬁ.tisef.ul to maxim ze
t he 30surface 81 TR ug Por&EoN Y ot 'S’n%} BFRE IS IUNSF PP SRt i i cr obi al
agent att achnphirmataiticaBéqiprhént alidg A6l @iy GevitRstiélphESnhalbRCcERRzed surface
area can be created through surface roughening, for exanple by a random

process such 5seH dentel impémis goatings Syrapwerysors, Mxtikagspeltes keahitdle nodi fi ed
by ~control| eﬁrd&gg%gﬁ%&,%%@{i@ﬂ%etkfegﬁﬁiBH‘8&9 dit*s,hooo%é}%x-de'?&%%’fesgf' ¢ substrates

can al so be rou as w C and ceram Cc substra For

al ternati V@ apglaraths,cneh acmembiangs forpaikiobiad uspensom bidmesleculd f ace may
enhance non-fouling pro er%i es of the materjal. The surface can be nodified
to enhance 5t H@aé‘%t’coécﬂrﬁgeh‘ﬂ rafpnationcell sepagtionn Wase Bl S b oat i ng.

Al ternativel ywa?é??ggﬂﬁétﬁ»%ebi%%éc{%?s RRA g«(gaggaﬁsgﬁgoot hed to reduce surface

area as this may uce physical feature could trap fouling agents.
Further, having a défserederidsgimassbaiitdd tpigst soafhcdsedifiberss of specifi ed

sizes and distributions ontrol .the interaction.of bacteria, proteins,
or other foul PAYY ieeﬁtaé}d\%\lﬁ%ﬁgoféﬁet‘T‘Pé’h§_ﬁt|“?”§é)§ex@g"€ha(@ft“feﬁ’e§e roughness
variants mgy RRceRhdResthppibdtet Mackdihd MRk afd BOBrdnahik g coati ng.
2.8urface Mcrostructure I'n the case where a greater density of
non-f oul i ng mat er i diheisubstrats maxdcontsia apiwitiatooty inftiate prlpsenantivn fionon t he
substrate sur ftl?ecs?u*ﬁgg lgéree%%r%pfg?gllechashgﬁrates may initially have radicals imbibed

in the surface or within the substrate and may for example, initiate

polymerization of polymer chains. For example, substrates, such as

20  polyurethane, can be treated to form radicals within and/or on the substrate,

In some embodiments, the substrate is substantially free of thiol
groups; that is, the substrates do not contain a thiol moiety, such as a thiol
linker. In another embodiment, the substrate may further contain an
undercoating layer disposed on a surface of the substrate. Also contemplated

25  herein is a substrate having two or more surfaces not capable of simultaneous

exposure to a light source.

1. Effective Surface Area
In addition to the chemical composition of the substrate, the micro
and nano structure of the substrate surface may be useful to maximize the
30  surface area available for non-fouling material and/or antimicrobial agent
attachment. For metallic and ceramic substrates, increased surface area can
be created through surface roughening, for example by a random process

such as plasma etching. Alternatively, the surface can be modified by
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15for grafting non-fouling materials fromthe surface, w thout increasing

t he apparent surface area of the substrate. For polyneric substrates,

i ncl udi ngwvbydroogsdeonet wor ks, this surface norphol ogy camcChasesoeatmds t hr ough
appropriate polynmer structural design. One exanple of this nmethodology is
the gromh of surface tethered dedrimeric polyners. Each generation of the
20dendri ner etémellcd ahyo-patenhiag uting phowhitibgRibhZ Wbl Bietio BilsstrBick @8n
presenting. Oher polyner architectures include brush pollymar,s, such as
brush copol yn#igbe ensd) a5 v fsmetallicpand ceraghip sespatey nkorsaliemagizar  and

branched copo Cc | %gp bl ends, and
conbi nati ons %Iﬁgrﬁé% ns g@%%‘ﬂﬁ%&?@%%%@%?Pgﬁé&%ﬁﬁ%@gg&l I ch resi st
non-speci fi ¢ foubingipropedssoftliconatariad. Thparfaatan be mbdifddvekbdpment of

bi omedi cal_ materi al,s, suc ...medi cal devices and inpl ants.. Such coati ngs
linit the ¥ ntBEgdpehapt Bjé‘? Slakil WW&F%H?%“&?P&%%@S‘I“@@Y%&H uids. In

envi ronment s WHeic8 nfdyted 1iSIRAL G sthodtih to RRAuEONGERE bRk 10 As flay P Ol 0gi cal
proteins, such as bl dod contacting applications, prevention of protein
adsor pti on masedpeephysical fsaturesgvioth codd trey fodingungéas.eFentiotr dravidgonbus

formati on. 010/ 065960 . PCT/ US2009/ 067013 .1. ZwW tteripni.e materials

Zwi tterions X\?%f%‘??élrg 5 Y%g@é%f&a?‘gﬁ&t%pﬁ%&%%%s @Hdﬁ%’ég‘&ﬂ“@e char ges.
on non- adj acenfay2bAi®! té ffidrictiod f Haderi APreeihk Sor oARL TollHoHpahts dih Ssynt hetic
pol yners, containing zwitterion functionality, have been shown to resi st

prot ei n aHhesthsriurfpee. Haeh efibewirapehness vasiantgimayehd ewpecedorignthe contains a
phosphoryl chol ! _eansul tai ne noiety, a carboxy betaine noiety,
derivatives t h%drlg%lg,g %bé{nc(f)o llﬁgg{)ﬁﬁgl S thereof. Substrate surfaces treated
wi t h phosphoryl choline @PC), Sarfasé Miakostictirer i oni ¢ 10nol ecul e, not only
exhi bit reduced pr ﬁ_}@ll n adsorption, but also exhibit increased bl ood
conpati bi lity, whel E8Rp¥ErETe s st dandly dupadouling mupradedesiid) yner s
created from phasehRhik GHALINR.AESnThS QLSRAS \AURLR LAMITRb G addi tion
to exhibiting the properties discussed above. Sul fobetaline, closely

r esenbl es12- afrrpating nes-dfid\lmgircatadilsl froonde efirface, without increasing the

apparent surface area of the substrate. For polymeric substrates, including
hydrogel networks, this surface morphology can be created through
appropriate polymer structural design. One example of this methodology is
the growth of surface tethered dedrimeric polymers. Each generation of the

20 dendrimer effectively doubles the number of zwitterionic sites presenting.
Other polymer architectures include brush polymers, such as brush
copolymers, comb polymers, such as comb copolymers, linear and branched
copolymers, crosslinked polymers, hydrogels, polymer blends, and
combinations thereof.

25 B. Non-Fouling Materials

Surfaces which resist non-specific protein adsorption are important in

the development of biomedical materials, such as medical devices and
implants. Such coatings limit the interactions between the implants and
physiological fluids. In environments where fluids contain high

30 concentrations of biological proteins, such as blood contacting applications,
prevention of protein adsorption may prevent fouling of the device surface

and/or thrombus formation.
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15 the nost abundant, |ow nol ecul ar wei ght organi c conpounds found in

ani mal s. Sul f obet ai ne nononers are typically easier to handl e than
phosphor ywoholomessand t he resulting pol ynmers are gener alPCy/usamoms7oid
synt hesi ze than the correspondi ng phosphoryl chol i ne anal ogs.

Pol ycar boxybet ai nes are polyneric anal ogs of the naturally occurring
20zwitterion, glycine betaine. Simlar to pol yphosphoryl cholines and

pol ysul f obet ai nes, pol ycarboxybetai nes are another class of zwi tterionic,
bi om netic pol yners with excépitteienic magpdakince to bi of ouling. These

pol yers are par | ok Wl homuiE el G000 16QRLRGHI G AP! | cati ons due

to anti-thronbogenic an coagul an uni qu(%a
car boxybet ai nelsarg@Sinmoaedijdcenratéms Withiethp sapenioleesle. iBoth satpessndl e to
desi gn car ox%/bet aj ne_nononer s, such that the r eﬁ,ul ting, polynmers contain

reactive functYBhRIC AGHERPES coBlRINRRBBIteroafmsHoplithiteue brapehrprdeul es. By
creating car bRXkpplolinaIRkIeAN e oRllehDSIRKAT, BeCviliforfitilonbiBCt 1 on of

resisting protein or platelet attachnment and having an actively

ant i coagul ant cgrtanpa physpBoryédotise tviasyrbomifobetaina meuety scearbanyt her t han usi ng
ei ther strategy al one. . .Polysul fo- and pol ycarb bet ai nes are not

onl y bi o et s PREReNEHRY Poe BB e SR, of 1 m
formation, anguhReshestd WahPhedphbiyladsas PEd DA nhfuedN Ri@efbnger um and pl asna,
they are al so non-toxic, bioconpatible and typically exhibit greater

stabilityl®n swhksukexneeailynedibit reduced moteithadsomsiopas @lspexhibith
pol yphosphoryl chol i ol.\(et hyl ene gl ycol whi_¢h be degraded. The
application ofnc{%ééscgﬁﬁg@g?ﬁ%%%“]gtﬁd%%%na?qr%a%ecg%ungga F@F"tdﬁ ext ended usi ng

bi ol ogi cal | y aifices POI¢mes,crédi@hfram phosphotdeiafinglarddg sy édheRlerédCt her nat ur al
and synthetic zwitterion chem strjies can be used to design non-fouling
mat eri al s f or Piopamstie bearlditien tgsyhibiting the prapegics disewssperlivs. Sone exanpl es
of natural zuvit{ eg,fh5GRETIALY ESritial> Gl dnRFediEAchefy. Bnsf oul | ng
materials include, but are’not 'imted to, amno acl ds, peptides, natural
smal | nol € ul d& mogtlabakidagt, Idumobainldr weigle drdanic dinpobidsldund iret hyl gl yci ne

(glyel ne betalngl, WTRLALam TS o098 (IO S TELJyhoul foniopropt onat
that could be,yseflotyiHolifhR MeRedufiyl fody RS 8fd gféh@rall}r Rediydg, but are not
limted to, am no-carboxyilc acids (carboxy betaines), am no-sulfonic acids
(sul f o bet ai neg)thestzsdhan the propspondieg phasphorylcholine analogs.
Polycarboxybetaines are polymeric analogs of the naturally occurring
20  zwitterion, glycine betaine. Similar to polyphosphorylcholines and
polysulfobetaines, polycarboxybetaines are another class of zwitterionic,
biomimetic polymers with exceptional resistance to biofouling. These
polymers are particularly well suited for blood contacting applications due to
anti-thrombogenic and anticoagulant properties unique to carboxybetaines.
25  In addition to these properties, it is possible to design carboxybetaine
monomers such that the resulting polymers contain reactive functional
groups for immobilization of bioactive molecules. By creating
carboxybetaine brushes on the surface, the dual function of resisting protein
or platelet attachment and having an actively anticoagulant group may
30  reduce thrombosis on a surface further than using either strategy alone.
Polysulfo- and polycarboxybetaines are not only biomimetic and
highly resistant to bacterial adhesion, biofilm formation, and nonspecific
protein adsorption from blood serum and plasma, they are also non-toxic,

biocompatible and typically exhibit greater stability in complex media or in
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15 qui nonoi d based zwi tterions, decaphenylferrocene, and non-natural am no
acids. Natural and synthetic polyners also include m xed charged structures
wi t h bot hwpasindesmwochar ged and negati ve charged noi et i e®Coruskéve/opmmslant
groups, in the main chains, or at the term nal groups. Mterials

contai ning, or conposed of, these natural or synthetic 20zwitterions, can

be applied toyssivhes esmpaad td Kath pblyphbdphosiiHotise sndpolpRdiytale devices, in
order to inprove bioconpatibility, reduce thronbogenesis (such as on the
surface of stanee.orhiclengybe dagroded, Thggaplication af thesa matgrialy 2pd ot ei ns or

bacteria pr esg&%iln%{;]%aﬁlotlé%hﬁ&ex?éﬁidgd hs?ing? Bfoﬁ(g%&l?{alcﬁv%%kgcwh%sf or surfaces

wher e non- speci ndi'ng of proterns~in on "negativel y inpact

25 the desi r eghthnicrubi= pspidesnmechani cs of a devi ce. I n one

enbodi nent, the non-fouli ng? rrqﬁteri al is a,zwitteri.onic r grafted from
ap

|
the substrte. For O8EaRBIE éy”é}éﬁtx?@lﬁ%?%mlséflﬁ@ﬁé)%gﬁsg e nonomers of
Formula 10 1 dlga0hon-MBi %ﬁﬁ{e@ﬁﬁ%f’ﬂafe_bigrﬁgﬁdi’%ﬁ&ﬁ%ﬁ@@s?%@ri%erei nBis

selected fromt group consi sting of: erein Ris selected
from the grouperemnSomt exgmults bfhtogenyitss apsthemittees thhtkopuld rusedsubst i t ut ed

oL ot e RS IR BANR, GHOM ST e st Ve 2l
from 0-12; peptides, natural small molecules including, but not limited to, N,N,N-

10  trimethylglycine (glycine betaine), trimethylamine oxide (TMAQ),
dimethylsulfoniopropionate sarcosine, lysergic acid and psilocybin.
Additional synthetic zwitterions that could be used to create non-fouling
materials, include, but are not limited to, amino-carboxyilc acids (carboxy
betaines), amino-sulfonic acids (sulfo betaines), cocamidopropyl betaine,

15 quinonoid based zwitterions, decaphenylferrocene, and non-natural amino
acids. Natural and synthetic polymers also include mixed charged structures
with both positive charged and negative charged moieties on the pendant
groups, in the main chains, or at the terminal groups.

Materials containing, or composed of, these natural or synthetic

20  zwitterions, can be applied to surfaces, particularly the surfaces of medical
devices, in order to improve biocompatibility, reduce thrombogenesis (such
as on the surface of stents or venous valves), and reduce fouling by proteins
or bacteria present in solution. This is particularly applicable for surfaces
where non-specific binding of proteins in solution could negatively impact

25  the desired or necessary mechanics of a device.

In one embodiment, the non-fouling material is a zwitterionic
polymer grafted from the substrate. For example, the polymer can contain

one or more monomers of Formula I:
| X
1[—

Zi I

30
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L is absent or is a straight or branched al kyl group optionally 10
I ncl udi ng one or nore oxygen atons; ZlI is a zwitterionic group; and X is an
i nt eger fwormB/ee62000. I n a particul ar enbodi nent, ZI ipsTaASk@owem™isrom t he
group consisting R3 el N(R5),- COOR4 /1)(Romcoo N(R),,-SO a R4 0
(R5),- S , and R3 O N(RR)mO- PG I()

wherein B is selected from the group consisting of®

wherein R is selected from the group consisting of hydrogen,

5  substituted alkyl, or unsubstituted alkyl;

E is selected from the group consisting of substituted alkyl,
unsubstituted alkyl, -(CHy),C(0)O-, and «(CH,),C(O)NR?;

Y is an integer from 0-12;

L is absent or is a straight or branched alkyl group optionally

10 including one or more oxygen atoms;
Z1 is a zwitterionic group; and
X is an integer from 3 to 1000,

In a particular embodiment, ZI is selected from the group consisting

of:
15
R3 — RS
@ |_____ _ @ \ \ 2 ® [ e
N=—=(Rg)}n—=COO N—(Rg}n=COO | ~=N-=(Rg}n=S0;
| -\ |

R4

\/———\N (R9—S0; © N S (R5)m"0—-—-PO?
\ / @ ,and ]
R4

wherein R3 and Ry are independently selected from the group

consisting of hydrogen and substituted or unsubstituted alkyl;
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R4 wherein R3 and R4 are independently selected fromthe group

consi sting of hydrogen and substituted or unsubstituted al kyl; R5
i s sel ectwd 2bromssdshe. _gr oup consi sting of substituted or pamaisb@bviot1oted
al kyl , phenyl, and pol yether groups; and Mis an integer from1l-7. In

anot her enbodi nent, the polynmer contains one or nore nononers of Formula

I1: 182-1- | mn RkiddeldkBZtdm Weasieipcddbisang oBhibatimtddngependent | y sel ect ed

fromH2 | R is selected fromhydrogen and substituted or unsubstituted
al kyl ; unsubstituted alkyl, phenyl, and polyether groups; and

M is an integer from 1-7.

In another embodiment, the polymer contains one or more monomers

5 ’of Formula IH:

1 P2 In

R
Hy |
R
- i I
1 e
& £
10 l R I , and i s

R is selected from hydrogen and substituted or unsubstituted alkyl;
E is selected from substituted or unsubstituted alkylene, -(CH;),C(O)O-,
and -(CHz)pC(O)NRz-, wherein p is an integer from 0 to 12,
15 R? is selected from hydrogen and substituted or unsubstituted alkyl;
L is a straight or branched alkylene group optionally including one or
more oxgen atoms;
P} is a positively charged group;
P, is a negatively charged group, such as a carboxylate group or an
20  SOj group;
m is an integer from 3 to 1000; and
n is an integer from 3 to 1000.
In one embodiment, the positively charged group is a moiety

containing a quaternary nitrogen or a cationic phosphorous group and the



E is selected fromsubstituted or unsubstituted al kyl ene, -(CH2)pC(0)O0-,
and - (CH2) pC(0) NR2-, wherein pis an integer fromO to 12, 15R2 is selected

from hydrwgenicesegsubst i t uted or unsubstituted al kyl; PcCl/usgooostonzai ght or
branched al kyl ene group optionally including one or nore oxgen atons; Pi is
a positively charged group; P2 is a negatively charged group,

such as a car hepayively ehgedigroap inmolSP dentgindig; cafbdxgliaacidnreger from 3 to
1000; and n i§ an i]?éle_ger from3 to 1000. In one enbodi ment, the positively
char ged group™Ps: & &€t Pcont ai ning a quaternary nitrogen or a cationic
phosphor ous group it ; ks 40, | ' cont ai ni ng
a carboxylic acid %ﬁ%&}p&ﬁ%%%&ﬂﬁ%ﬁ%{dgt ré%g& SHEAHR dIﬂ'r%i Ogtn ﬁhio%?ynsot her

enbodi nent, t bhEF@olwaBl, I¥oot Wi ns one or nononers of Fornmula 11, IV, or V:
wherein Ris selected fromand substituted or unubstituted al kyl; 15Li L2,

2
and L3 are’ i ndependently a straight or branched al kyl ene ou 1%Ptionally
I ncl udi ng one or nore oxygé&n atons; and Qé\rﬁl a

Ls

I

It
L
w(\N/ ‘3\ 0 v
N
N

A% n ~

L, / \%2 <;N’/“
10 N1 N1 '!2
J

wherein R is selected from and substituted or unubstituted alkyl;

16 L; L2, and L3 are independently a straight or branched alkylene group

optionally including one or more oxygen atoms; and

n is an integer from 3 to 1000; and

N1 is a negatively charged group such as a carboxylate group, SOy’
group, or PO3™ group.

20 In one embodiment, the non-fouling material is a polymer containing
monomers derived from sulfobetaine or carboxybetaine. Examples of
monomers include sulfobetaine methacrylate (SBMA) or carboxybetaine
methacrylate (CBMA). Examples of such polymers include, but are not
limited to, poly(carboxy betaine methacrylate) (polyCBMA) and

25  poly(sulfobetaine methacrylate) (polySBMA). In another embodiment, the
non-fouling material polymer is a polymer containing CBMA or SBMA and
one or more additional monomers. The additional monomers can be
zwitterionic or non-zwitterionic monomers.

In certain embodiments, an antimicrobial and/or antithrombotic

30  composition is provided, that contains a substrate, for example, polyurethane,
covalently bound to a plurality of polymer chains. For example, such
polymer chains may be represented by Formula I, II, IT1, IV, or V. In certain
embodiments, the non-fouling material is a brush structure containing one or

more monomers of Formula I, II, ITI, V, or V. In still other embodiments, a
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nis an integer from3 to 1000; and NIl is a negatively charged group
such as a carboxyl ate group, S03- group, or PO03- group. 20In one

enbodi menwp 20tveswn- f oul i ng material is a pol ymer contaPOTN$200006TRS S
derived from sul f obetai ne or carboxybetai ne. Exanples of nononers include
sul f obet ai ne net hacryl ate (SBMA) or carboxybetai ne nmet hacryl ate (CBMWA).
Exanpl es of stemopabylines material is deopdlymeacantaiaingldntiot aré of thpol y( car boxy

bet ai ne net hacryl ate) (pol | VLA) an pol y(sul f obet ai ne net hacryl at e)
(pol ySBMA) . | ﬁ“’&ﬂ’@ﬁﬁé?pré?ﬁﬁgedii rfn“?fhg Iﬁi“»&om ?’ng material polynmer is a

pol ymer contai ni ng1{BMh ghboMAnR e QOB NitidR L Afdhitianal nmonomers. The

addi ti onal nononers can be zwmtterionic or non-zwmtterionic nononers. In
certai n enbodcompostiorsrontatriing ¢ polyinekic anlghtrate andtai avwittendaoe pelyB@conposi ti on

is provided, that contai supstrate, for anpl e,. pol yur et hane,
coval ent Iy botmeBognd e DYRGCBrpEr- if Ao cHeR R Ngd e ych
pol yner chai nge Meﬂ%gﬁiﬁilﬁ'éﬁ@? 196heRYatioRAM] Adlcalslphesehd ih.thd Poly@Eriy- | N
certain enbodi nents, the non-fouling material is a brush structure

cont ai ni ng onéubstraigpingherpresense of ohe Fompate mongmgr, sugh s swfobgtping. | n stil |

ot her enbodi nent,s, th onafoul ing, material | copol yner contai ni ng
one or nore o0 e&khaé:r}ﬁne%)tﬁgﬁgarrg%ygsﬁg%ee %g%cr%@{%?%ﬁggl, [, 111, 1V, or V. In

sone enbodi nents, the conpositions are ant.i m crobial canposi.tions
containing a polyméliePoues Ml 3 AGOTPINFLR GOHGAINE SBVYREIC 5 coval ent |y

bound to {de ?@bm%@@léﬂﬁf%ﬁ&ﬁ)aE&?nﬁ%%ﬁ&Eﬂa&D%c@ﬁi thEBblywRYicbe formed by
initiating polynerization'with radicals present in the polyneric substrate,
in the presencempésiderehasrimpprved mondowling, astiroisresalsandfosatidhrombetichacr yl at e

or carboxybet ai ne net hacryl at e, non rs; Al so provided. hereinjs a
conposition cgﬁttwé\}yncloﬁao aéedﬁ\?\jat@g}?eorﬁggn%ﬁ%%l@ esco@ﬁzéﬁl%?{fqnf/c #8und to a

pol ymeric subsbhaigtterihey @bfohdre. ROANOTRST eMmbOARRAS ol jolymélds | nproved
non-foul i ng, antim.crobial, and/or anti-thronbotic activity conpared to a
pol yner f or medompetition istnipwdedihatiprludes 3 priteriania pabymes epyaleitioni ¢ mononer s.

I n anot hegge I ] L1 1 S: Qr Qv i ncludes a
ZWitteri olril?cngjg y&n@:g %Oéglg%g(lh ﬁ{r%tg, \%@(ﬂfg@ it]%)&gﬂ%(%)s?%/%ee%%bq{sgggg{b%?e, wher ei n
t he conpositi aondxllidy tstirhieprbial chdiverentiabdonigtic acdvity asroohipated tand/ or

ol yrer bound CPBPE S hEEE ABITEaP RIS b OHGA MTeU BNethe substrate
through a thi ghofdRiyef ¥amobilized on the substrate through a thiol moiety.
2. Non-zwitterionic materials
20 The non-fouling coating can also contain a non-zwitterionic non-
fouling material, alone or in combination with a zwitterionic material. These
non-fouling groups may have varying degrees of non-fouling performance in
a range of environments. Suitable non-zwitterionic materials include, but are
not limited to, polyethers, such as polyethylene glycol, poly(ethylene oxide-
25  co-propylene oxide) (PEO-PPO) block copolymers, polysaccharides such as
dextran, hydrophilic polymers such as polyvinylpyrrolidone (PVP) and
hydroxyethyl-methacrylate (HEMA), acrylanitrile-acrylamide copolymers,
heparin, mixed charge materials, and materials containing hydrogen bond
accepting groups, such as those described in U.S. Patent No. 7,276,286.
30  Suitable polymer structures included, but are not limited to, polymers or
copolymers containing monomers of Formula I wherein ZI is replaced by a

non-zwitterionic, non-fouling headgroup.
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2.Non-zwitterionie materials 20The non-fouling coating can al so contain a
non-zwi tterionic non- fouling material, alone or in conbination with a

ZW tteri oNpDeomatssdsbal.. These non-foul i ng groups may havecrarsgimgemesr ees of
non-foul ing performance in a range of environnments. Suitable
non-zwitterionic materials include, but are not limted to, polyethers,
such as pol yethyl ene glycol, poly(ethylene oxide- 25 co-propyl ene oxide)
(PEGC PPO) bl ock copolyners Eglysaccharides such as dextran, hydrophilic
pol ymers such as pol yvi #yl py dPPWHﬁ@S(PVP) and hydroxyethyl-nethacrylate
(HEVR), acryl ani t rifhenaeryhAghaRnfooal IR idm RERAIIM orfealsEhar ge
materials, and materials con i ng ARydrogen accept|ng groups, such as
t hose descrl begh bema tbpﬁlyrﬁm arh abla randodv ér, 186k co’iﬁSmmd:ralSheahje)l ynmer structures

i ncl uded, but are not ted to, S ol yner.s containin
onomar s of - FehaHanrs igebids: rtare n@ H TR rSieh AeArdess Ty oni o

non-f oul i ng NeaEsQMe. muMARAIH ARI8AR smPgmusgpoa%Q@tmg&ygna@; monomer s
The non-fouling polymers grafted from tsﬁe surface of the substrate can be a
copol ynmer, sudh, m@,@Mﬁa orﬁblmmMEEG@mhynenddEinmﬁmﬁe 5COMDNoONer s

i ncl ude, but are.not at es acr vi nyl conpounds,
mul tifunction qtra%?cé@ﬁ?t‘és Cy lfcrﬂbléoén%)l’( Sucli’ 'f‘% lacm& g?‘ﬁ@? anates, di-
tri-, and tet 6@;ﬁb§1an@hﬂ1ezebf|Exe@ﬂﬂrytrﬁéﬁ@@éfs a@alste@ruélcd;v tri-, and
tetrath|0ﬁyanates cyclic nmonomers, such as | actones and | act ams, and
conbi nati bh t her eofl) Exghgngsdwqﬂmm%@tﬁgoraméthmrﬂa&a V1 Rmaryo( 1) Char ged
nmet hacryl at es t r Y, iary am ne
aroups, " such SRendEY APRerS iindblla L sboTEdsY 3 SFEBRDI e fherh Bl

(2- di et hyl anpo@jsinghlt, I‘(Etdihaeﬁhy]aﬁhﬁ))eﬁi?l iihyihaeﬂylm)nﬁiahﬂwmcﬁfdaary salt,

[ 2- (et hacryl oyl oxy) et hyl Jtrimet hyl - arnnoni um chlori de, nethacryl oyl
chloride, [3-QH¥EHADHAt @hﬁtbﬂyﬁawawﬁgﬂ ylaamwaniym detdcor i de)

2- am noet hyI o(g:&lt g.].ﬂEM

met hacryl %ﬁ%}%ﬁh g}ra#g[g et hy Ckﬁ@%lﬁacr%r‘ékﬁyk@%ﬂﬁg yParri no) et hyl
met hacryl e chlndd@)- Q{aennedbhbtlyﬂsahacnyialeﬂiyylﬂocmw (iethglamino)ethyl (2) Al kyl
nmet hacryl at es

met hacryl at e, “%Eu]fi‘?p :ﬂgcg ﬁ’é{f bllﬁw&%w% Qa‘g@t'%ﬁwiﬁlﬁ%gi%wl

methacrylate, and 2-(tert-butylamino-ethyl methacrylate.
(2) Alkyl methacrylates or other hydrophobic methacrylates, such
as ethyl methacrylate, butyl methacrylate, hexyl methacrylate, 2-ethylhexyl

20 methacrylate, methyl methacrylate, lauryl methacrylate, isobutyl
methacrylate, isodecyl methacrylate, phenyl methacrylate, decyl
methacrylate, 3,3,5-trimethylcyclohexyl methacrylate, benzyl methacrylate,
cyclohexyl methacrylate, stearyl methacrylate, fert-butyl methacrylate,
tridecyl methacrylate, 2-naphthyl methacrylate, 2,2,3,3-tetrafluoropropyl

25

methacrylate, 1,1,1,3,3,3-hexafluoroisopropyl methacrylate, 2,2,2-
trifluoroethyl methacrylate, 2,2,3,3,3-pentafluoropropyl methacrylate,
2,2.,3.4,4,4-hexafluorobutyl methacrylate, 2,2,3,3,4.4,4-heptafluorobutyl
methacrylate, 2,2.3,3,4,4,5,5-octafluoropentyl methacrylate,
3,3,4.4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl methacrylate, and
30 33.4.455,6,6,7,7,8.8,9.9,10,10,10-heptadecafluorodecyl methacrylate.
(3) Reactive or crosslinkable methacrylates, such as 2-
(trimethylsilyloxy)ethyl methacrylate, 3-(trichlorosilyl)propyl methacrylate,
3-(trimethoxysilylpropyl methacrylate, 3-[tris(irimethylsiloxy)silylJpropyl

methacrylate, trimethylsilyl methacrylate, allyl methacrylate, vinyl

25



20met hacryl ate, nethyl nethacrylate, lauryl nmethacrylate, isobutyl

net hacryl ate, isodecyl nethacryl ate, phenyl nethacryl ate, decyl

met hacr ylwoen1086396b-1.r i met hyl cycl ohexyl nethacryl ate, beazgis2emeobmaes yl at e,
cycl ohexyl nethacrylate, stearyl nethacrylate, tert-butyl nethacryl ate,
tridecyl nethacryl ate, 2-naphthyl nmethacrylate, 2,2,3,3-tetrafl uoropropyl

25net hacryl at enetHacilyldte,3- &p&mﬁmj}mambsmbpﬁmhetmm@r ylate, 2,2,2-
trifluoroethyl net hacrgl ate pent af | uor opr opyl . net hacryl ate,
2,2, 3, 4, 4, 4- hedighprgpgd ﬂﬁ@ylﬁmx{mmcaﬂéte 3p(dpmethyle IOAOSALyHewah uor obut yI

et ety ate, by Rl A aaonL b TR REILAIE. 2.

303, 3,4,4,5, 5hﬁdr6xyetﬁy18néihe&,rﬂatb Bchlvrd- ZQ}yIdecpiypdmhﬁlleﬂmcmﬂﬁ@yl rret hacryl at e.
3) Reacti t | at 2-

Etzi ity ﬁy: %8”0 tﬂix me Iﬁ'é?é”? aCiYne a?lfs Pfit%»ﬁwgf%?m%bropy|

met hacryl at e n?éil(atc[ylﬂgtﬁg)Wﬂdré(*MéﬁﬁﬁL 1@5&'@%‘?6%5@5‘)€my1 phthalate
3-[tris(trimethylsi’loxy)silyljpropyl hacryl ate,” tri methyl silyl

met hacryl at e, aI | y|(4)rret Rberyhethasrylatenyduch necthglcnq/glac@ methyl ether

3- | oyl h t hoxynet hyl si | I
met hacr yi ot o BBeRihy TR SR TSI BEGE| Ahiaphecy el SRSHRE SRRt ot byl
net hacryl ate, géﬂsmedﬁé}nﬁma tU'Z&SIﬁOX}%ﬂgﬂ)ﬁfBﬂ@é ¥eibyl- Bk fawyy| at e,

3-chl oro- 2- hydroxypropyl met hacryl at Hydr oxybutyl net hacryl ate, glycol

net hacryl 3@ e, mejleacaxsier angyathyencedreo) Idﬁb’élopafﬁényiﬁHVdmﬂsﬁSWé%i‘;ll
2- (met bacryl oyl oxy net hacryl ates, such as
et hyl ene gl ycol kﬁh{i’é’ t@ﬁEﬁﬁag?}eTs lPaeY élgg%{}%yl ene glycol) nethyl ether
met hacryl ate, et hylpaﬂﬂalgidﬁmﬁtl/ophetbdm}e&lhﬁlé destfibes yf akenondnizd oxyet hyl
met hacryl ate, 2-ethoxyeth 10rret hacryl ate, and et hyl ene gl ycoI
di cycl opent enyisted@here sprahadiessad.es SfEamusmerHuithiigHErsd may al so be
used. Agygam de and/ or nethacryl ami de derivatives of the nononers
| i sted above can al so be used, as well as other nononmers wi th unsaturated
bonds. 1584l ti nf unMulonfuhctimnbmenspesuaithdi, tri o tetraacri gts ceadreydsad es can be
used to form highly branched structures which can provide a higher concentration
of non-fouling groups on the surface.
4. Density of Non-Fouling Materials
Having increased density of non-fouling chains may improve non-
20  fouling performance. Reducing inter-chain distance, which may improve
performance, may be accomplished by having a denser concentration of
initiator. This may be accomplished by imbibing initiator into the substrate
or having an undercoating that serves as or incorporates a high density of
initiator. Longer polymer chains and/or branched non-fouling chains may
25  further improve performance.
In one embodiment, the surface has a high density of polymer chains
on the surface. In one embodiment, the density of the polymer chains on the
surface is from about 0.5ug /em? to about 5 mg/cm?, from about 1 ug/ em? to
100 ug/ em?, or from about 2 ug/ cm? to 50 ug/ cm®. In an alternative
30  embodiment, the inter-polymer chain distance is such that it decreases the
penetration of fouling materials into the coating material, for example, <5

nm, < 10 nm, < 50 nm, or < 100 nm.
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to formhighly branched structures which can provide a higher concentration
of non-fouling groups on the surface. 4.Density of Non-Fouling Materials
Havi ng i woeamadsaensi ty of non-fouling chains may i npr @ce/usees/02®13 oul i ng
per foi mance. Reduci ng inter-chain distance, which may inprove perfornmance,
may be acconplished by having a denser concentration of initiator. This may
be acconplished by inbibing initiator into the substrate or having an
undercoating that serves as or incorporates a high density of initiator
Longer pol yner chaits alhrosescepardegloypretrigliabel§ chai ns may 25 further

i nprove performance. I n one enbodi nent, the surface has a high
density of pol ymer ez embasitimenteths gnffageds stained we labgisd diithesnte ortmige densi ty  of

t he pol yner chain 0. rface is..from abgut 0.5uq [ to about 5
g/ cng, £ r om SoBUrt P Tl 6t Tl Bl M herrs AT S g “ene to 50
ug/ cnR. |5 ambalstaed iRt ity eisshliRMRodirfRe lising it lakt@eydopacidicophai n di st ance

is such that it decreases the penetration of fouling materials into the
coating mat er fHFTOsGoRY . Exampirationsthgrgol.< Sugablgymicrosepyi¢chpiques 100 nm WO

2010/ 065960 _BCRLUSR000! 00 1A%, Eliar RRGRAbp 20 CAL A IRLIL Gk abel s

I n one enmbodi ne e surface i s stal ne one‘or nore
colorinetri c bhabedmsbindtiamgniesestnce | abel s, or conbi nati ons t hereof. These

5l abel s are used tq visualize the, syrface usjng the naked, eye, .
spect roscopy, micr 3&&6&5 o hn b, giRa Lhigheh %ﬁ%ﬁr@a%l.rewwbbzépm?%scopy

techni quesg i nghddQionEh 8¢ &R ciakgd ﬁi?e%ctti(?ms,Q)?H%:og)ﬁélg;ﬂtgét%éﬁ(ﬂﬁ}’or fluorescent

m croscopy, and conbi nations thereof. The surfa e stalned through a
cheni cal r eachydnophitic ryterahtjeisc babelidg dsmppndsnng uddh batsare har lieitehta; ge

i nteractions, hydrophobi,c.inter ions., ot hydrophilic.interagtions.
Label i ng corrpSi?J%H%u ROF defdvatiyer %&88%?‘31 1§‘fﬂr¥s§ﬁmt gumarnn, orange B.

crystal violets, toluidine blue, methyl violet, nuclear fast red, methylene blue,
malachite green, magenta, acriflavine, and other azo compounds.

15 In another embodiment the surface modification, such as a
zwitterionic polymer, is labeled by incorporating one or more reactive
labeling monomers into the polymer backbone during polymerization. These
labeling monomers include, but not limited to, FITC-methacrylate, FITC-
acrylate, rhodamine-methacrylate, rhodamine-acrylate, their derivatives or

20  any other fluorescent acrylate, methacrylate, acrylamide, vinyl compound,
diol or diamine. Incorporation of these groups can allow for convenient
measurement of conformality and/or coating thickness. This may be
particularly useful as a quality control metric for conformality verification
during manufacturing of the coating on an underlying device.

25 In another embodiment, the surface modification is stained with one
or more compounds, which can be easily visualized under an electronic
microscope (SEM or TEM). These compounds include, but not limited to
osmium tetroxide and ruthenium tetroxide.

D. Bioactive Agents

30 Therapeutics, diagnostic, and/or prophylactic agents can be
immobilized on a substrate. These agents can interact passively or actively
with the surrounding irn vivo environment. The agents can also be used to

alter the surrounding in vivo chemistry or environment. Two or more agents
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conmpounds or derivatives of rhodam ne, fluorescein, coumarin, orange B,
crystal violets, toluidine blue, nethyl violet, nuclear fast red, nethylene
bl ue, malwohlntoesreeen, nagenta, acriflavine, and ot her arzo/usesmpoemds. 15In
anot her enbodi ment the surface nodification, such as a zwitterionic
polymer, is |abeled by incorporating one or nore reactive |abeling nononers

into the pol yoribdinkiblsitieedhdra snpstpné yureick 2ekdrein. the s ey lod iRl tWidg nononer s
i nclude, but not Iljmted to, FITC pethacrylate, FITCacryl ate,

r hodani ne- met A&V &Featerthancritbenel the agents dong Hesybsaes. WanleriAber or 20any
other fluoreseaedi R IR LEnsidlld Y Ahbecdfil WIRRiflg: acthB¥kefigrPOUNd, di ol

or di am ne. gorporaﬂ on o ese groups can all veni ent
measur enent oﬁmmhﬂmmﬂmﬁ itteysubsteidosy mamaial orgpgeht. Aktiessgenthindudag pube

particularly usef as.a guality contr metric or confonnality
verificati aifrfr#i‘;‘“ﬁ‘&ﬂﬁ?ﬁwf ‘%ﬁ)%ﬁow ® OLFRPTRE &Fncoé‘PPOﬁ‘ﬂg%PF%ﬁni’Fg devi ce.

251 n anot her eHRPGLIMBRL and %z&%fmﬁm;mddhfehﬁ@aﬁ bPBiolozicl 8hsshnis b one or
nor e conpounds whi ch can be easily visualized under an electronic

m croscope ( SEMWn oTEMnowniberepadiesisnds i ncl ude, but not linmited to osnium

tetroxide and ruth tetroxi ents 30Therapeuti cs,

di agnostic, and/ or%%!'c? %‘%czf%eegé:ag%Wﬁqﬁgxfﬁrﬁgﬁ?mp‘iséﬁmﬁn a substrate.
These agents dagribsd Bérakl MRLShioRY B Blel@dicdRhag¥htlif bindeheSdiE aundi ng in
vivo environnment. The agents can also be used to alter the surrounding in

vivo chemi@tr gowpl eérwwmmmasrme@hanﬁeﬁbymgléwngn@aﬁpmﬁcrmmm| ized to a
substrate surf ?%t%égq(g‘{t?l%@uﬁ 3 %\N\fl‘lé}ythg tg;?es'é%{\@dag(ﬁ nt%gtctengeat er than

either of the® age one st ance, ria agen i s not

consi dered acfattmme@amapéeamen@eﬁﬂlwwpméesamﬂmithet@rcﬁtgmrﬁdm tibmobi | i zed on
t he substance rrgt erial or ag Active .agents include, but 5 are not
linited to i nGMEAsH BCEIRRLEM Van@ﬁﬁé‘hf?ﬁ@f%g pitachashbRf A sellopyei ¢ conpounds

or any synt hemasuﬁaserg beifidiiny ERSHIER Ot PLALAGA Galn FORROURS of known of

unknown t herapeutic e esi on agents can be i mmobilized
to the coﬂw’@oswompﬂm\atéﬂ@dm@dtheswfam The effi cacy of a cell adhesi on agent

in binding cells i l,ex nts m e nced by reducing
non- speci fi ¢ protei a@&@éggfi?s&ﬁ ﬁ’e lﬁgngﬁ?‘?“éé%gnf ﬁ%"‘aﬁ%d’ﬁa‘ieH are
presented, gi vigitiatin@glih bﬁfd&@cmwdﬁym&eu@mﬁm%l&b%tm&ﬁﬁsS Wi th

ot her protein adsorption. Further ere an advantage to resisting
attachment of lisrieddelRGDrentdest dlang Nﬂ@@@ll@ﬁ@cpfvarwllwh@tan@edaaﬂ% t he cell

adhesi on agentmott(%s.pﬂong%r variants of this peptide may have more specific target cell

20 binding. Further, the ability to present locally dense concentrations of cell
attachment agents may increase the effectiveness of cell attachment by
creating multimeric interactions. Other cell adhesion agents include, but are
not limited, to REDV peptides. Tailored integrin binders can be used for a
variety of applications including osteointegration.

25 Cell adhesion agents that bind specific immune cells may also benefit
from attachment to zwitterions. Adhesion of immune cells to the biomaterial
surface activates these cells and prefaces their phenotypic response, such as
the transition of monocytes to macrophages that can result, in some cases, in
the fusion into undesirable foreign body giant cells. The inherent resistivity

30  to random protein fouling that zwitterions possess provides a unique
platform to couple biomolecules that act as specific ligands for immune cells
including neutrophils and monocytes. Selection of appropriate ligands may
prime these cells for beneficial instead of detrimental functions. These

ligands include peptides or proteins that specifically bind immune cell
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15conpetitive bl ocking of the surface. Exanpl es of desirable cell
attachnent agents include, but are not limted to, integrin binders.
Exenpl ar ywonosgrsgsobi nders i ncl ude, but are not |imtedpco/uskEyopmpsi des,
along with a nunber of variants that include RG notifs. Longer variants of
this peptide may have nore specific target cell 20binding. Further, the
ability to preagefbrssaciahd Mtddeins seckofies dbmpleieAs opfc eahmaatWiaghment agents
may i ncrease the ef fectiveness of cel|l attachment by creating nultineric
i nt eract i ons. beyKdp these pelhassesiatsd pa@émssuphégmmw@nmﬂ@enot linited, to
REDV pepti des; r ¢ y of

appl i cations }nﬁ%?élhﬁresg% aHE%?c{tP ?@ﬁgd @WﬁSé&jﬁgg‘?@% S\é%:]étﬁ[ hat bi nd
specific i mmmmegdnsemmprcﬁihm@mbmies‘ecﬁenbﬁ ofnnate‘calehh’entdlﬁg) ZWi tterions.

Adhesi on i mune .cells to the bjomaterial surface activates these cells
and pref a%s Ehfep %‘Eﬁ%e%?lyﬁ?s@lﬁdé’élﬂfé”g@m@%%a‘&% apfdn WQ%P%I on of monocytes

to msu:rophagea?&I s n‘éﬁl%‘ﬂeﬁavzbﬂé tl?a‘%'if@\#llﬁ%q lortd'by p&sédfédo%ﬂ nto

undesirable fo y gi ant cel e inherent” resistivity 30 to random
protein fouli h@mdh@iulesma teitienmsic mh@esmypndud@mgvcmtmn/ireﬂmupﬂl atﬂher mto

| e bi I I t-hat. act f ds f i ncl udi
et r ophi 15 antsioRat el eniiel PERkorS speRre e TP GRNBESaA pri mo | nea

cell's for bengfddgiafibn bﬂﬁ{e@aeas@fofd&hblermaaﬁIthattlamaén@@ﬁssuya%%el i gands

i ncl ude peptides or proteins that specifically bind imune cell receptors
such as i egmt?gatl@‘el ectl ns, conplenent, or Fe gamm. Wen bound to these
cel |l -associ ated pr such racel l.ul ar

signal i ng pat hvvaysgiS éf%atcf) ntm‘LBF g@%gﬁgr gqt%&c?rdgfi%cﬁgcb% 8%?@"@1@?

rearrangenent ssoufd Muﬁt from thaors failiah pedpetifes aBd e@blegsesematioilbfigord
chenoki nes, gokl nes and ot her chenpattractants, and induction of
apopt osi s. DedqWiagmaatgisia srer as Wﬁﬁm@lﬁulcﬁtwtfﬁﬁmﬂ E@lwnéﬂé%}?éﬁt ation of

bi ool ecul es yj g, bt hmhﬁtéd%hﬁan% nbAGILAR YRRl Hrpgduct L on in

the secretion o?“ pf Ol r?%f anmat or'y enhancenen phagocyt osi s,
and nodul & i oandihdrieecd &labases tlferaxﬁl théoxﬁlmg snt&cetshaichlaslevu&mmc

ti ssue-devi ce 1Qi ntegrati on. eoi ntegrati.on may al so ronot ed or
i nduced by f actioress: AcFbRBE e B%Ihvétfqufag?‘ﬁﬁs%ﬁ%mﬂéﬁpf%‘ﬁﬂt? Hif“ﬁgﬁﬂirti es and

stabl e presentglbofh Rler Q%féc‘éU|Reﬁgc1H@5€z[c'hﬁ4eﬁt oﬁ&éﬁt‘roﬁlﬁls@%t terions.
Ost eoi ntegrati on pronot i ng agents i nélude, but are hot linmted to,

bone- nor phogemacqu@gflalm@l Hhtaﬁnagﬁbodﬁmauor&h@ndm@mb@g@lbs t her eof .
Non-fouling s

S zwitte oni ¢ urfaces, nmay enhance the
activity of aﬁéﬁ E@?%W@ﬁgmﬁ?%%g’% ad’é’qufed cell regrowth over a
surface. fgducing @&ésaﬂaﬁ@néfmummbbﬁ@ggdnssﬁ@;dala@sé aphagesway i nhibit the
forei gn body response and enabl e desired cell attachnment and grow h process

to be favor ed wheoeteeyedtardrotouling matdriaky sudhosizyitgyonicmagsialal so be nore

effective relative to other tethers. The process of thrombosis involves both surface

and bulk pathways. Zwitterions have shown an ability to reduce platelet
attachment and activation, reducing one pathway. Combining an active
25  antithrombotic that assists in the reduction of platelet activation or directly
targets additional pathways for thrombosis with a zwitterionic tether could
enhance the antithrombotic effect compared to either a non-platelet adherent
surface or the antithrombotic agent alone. Suitable antithrombotic agents
include, but are not limited to, thrombomodulin, heparin, reversible albumin
30  binders, tissue plasminogen activator binders, transglutimase, reversible NO
binders, polylysine, sulphonated polymers, thrombin inhibitors including
hirudin, urokinase, and streptokinase.
Device-centered infection remains a large problem. Non-fouling

materials, such as zwitterions materials, can by themselves diminish
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when tethered to non-fouling materials, such as zwitterionic material s,
relative to other tethers. The process of thronbosis involves both surface
and bul k wetzhwanssecoZwi tt eri ons have shown an ability torcedsc@opbaizel et
attachnent and activation, reducing one pathway. Conbining an active
25antithronbotic that assists in the reduction of platelet activation or

directly tar ggficGopidOidhesioR bnPridra@usTilnQdevE DHMERO Preveptibh oBmddtbbiker | oni ¢
tether could enhance the antitlironbotic effect conpared to either a

non- pl at el et adhseicannd binfilmcen §e fukher sphancert ombot-faliagentlaggponel suitabl e
ant 1 thr onbot | g, APHLiSni: BAHAS i seBlBoR 8F aldrichiful Brodi0BRamRAul T n,

heparin, revers amn e€rs, tissue plasm nogen-activat or
bi nders, tranHglited toyasenbras/argitinl anfiidotiderpsnts pottinliyiobiaé pegidephonat ed

pol ymers, thronbin jnhjbitors incJuding hirudin, urokinase, and
st rept oki rés ean Sn_laﬂ moiﬁé’x}]ie@&lﬁ’é‘ﬁ?}é‘ﬁb%gef]?ﬁ &eﬂlF@ﬂyﬂ_raéWEP?@gQ?P%ﬁtﬁiés pr obl em
Non- oul N9 MEeGlalifhie motdtolbs AR Walibify LRSI Abbic £3BNAYe4 hersel ves

di mnish mcrobia esion and retar vel opnment.” Preventi on of
m crobi al adhegjions. Bxonlagfantimicabiabperftides inelude hhearpeptidas theddoriioul i ng

surfaces, such as zw.tteiionic surfaces, b resentation of antimcrobials
i ncl udi ng, buf™ ﬁ‘i%eﬁlc"i‘l Ill%tHerIB,mf?’r}éut?fﬂ’?ea?r?é-pf’ﬁg%fglﬂ?azSorgh[%"lsﬁ?eé FOKiYrSagent s,
antim crobi al oﬁ@&h&lg%&bﬁ%@mﬁ&h&ulm &Fd@e@f@ﬂ%hjﬁiaﬁn&@@i fesa@ifiNes. General ly,

antim crobi al peptides are cationic nolecules with spatially separated

hydr ophobl@ anetimivsetyddepdisondudehungt aeylimited o, eatbdlicidinpept i des i ncl ude

| i near peptides.that f£orm.an_arhelical..stiructure isn _nenbra _peptides
that form 3- shktor AelbdV B ROu SRl S L R Fo (e aPEiefinae br i dges
in nmenbranes. 1RepHR@BEN3A! datmalPanto] Mt ef6ih daciig Rivishasn, cagbpides but are not
limted to, cathelicidins, defensins, derntidin, and nore specifically
magai ni n 2, prstidgpybride et dampthicin, s hybridsorppalypuespfoties dpbn 01,
cecropin, caegj LSPILE i : k.14 iy thicin,
or hybrids or Naaﬁgﬁ%g%ghg@% &gg{&%&gﬁﬁ%ﬁ%@%@%c& ri ngager??%tgnﬁgr obi al
pepti des ihcl adénpeptitetesicd, honudisg prbrsahasarkSfundi, ndcrobey, tebimteas, i ncl udi ng

pl ants, humans, fungi, .m crobes,, and jnsects. Antim crobial peptides
can be made from nést‘ﬁ%fnlo)fmg&?ﬂ}‘rdte? Ay %ﬁﬁlﬁge gﬁmd?,wrﬂbh‘?cﬁé{frmgaaﬂ?l?ooccurri ng

am no aci ds (§cfs noaVRl} 6c@briSEhRYRERRTE &, SHRDicRE sH5isdhfetic _
pepti dom netics), or conbinations thereof. ARfi'm crobial péptides which

retain their auctihvadigs audgreptideroimdticzledr combinatiom dlowecfr e\nOyjerobiadl | y
referred to as nepbrane-targeting.antimcrobial. agents. .Anti m crobi al

bept | des can: BEPTIRSHINT ST D "CRE R PO B PRGTZSRT A RArS st rate, ¢ he
under coat P09 Qen&AIPII@d0%s hitekieee-voctiaaahtifirébidlupehtksonal group on the
peptide with a functional group on the non-fouling coating, the substrate,

and/ or the priAnsimiceodial pRriides sanbe anmebilizgbon thgaordpnling edngte) 25 to have
SRR (L N R
group on the susfp@ethe peptide with a functional group on the non-fouling coating, the
substrate, and/or the primer coat. For example, the peptide can be designed
25  to have a cysteine residue which can be used to immobilize the peptide on a
surface by reacting the thiol group of the cysteine residue with a thiol-
reactive group on the surface.
Tethering of these agents via non-fouling materials, such as
zwitterions, should provide stable, long-term activity. Additionally,
30 immobilization of enzymes that degrade bacterial attachment and biofilm
proteins, such as glycosylases, lyases, and serine-proteases, or those that
degrade microbial communication signal molecules, such as N-acyl-

homoserine lactone acylases, could provide improved efficacy in prevention

of initial microbial adhesion events and subsequent biofilm formation.
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Tet hering of these agents via non-fouling materials, such as zwtterions,

shoul d provide stable, long-termactivity. Additionally, 30 imuobilization
of enzynmesothatosssgr.ade bacterial attachnment and bi of i | mCprust@9nszoisuch as
gl ycosyl ases, |yases, and serine-proteases, or those that degrade m crobial
comuni cati on signal nol ecul es, such as N-acyl honoseri ne | actone acyl ases,

coul d provide inprsyadogidd Gaf¥ed, Bud SVAAtkGshiOburfdtes, indy akcpebindl adhesi on
events and subsequent biofilmformation. Non- f oul i ng surfaces, such

as zwi tteri onk@agisplalyediradtiag surfacs f9F avmebiliatien of biomelqopleas fuchesi ve
surface Tor - IRiatdsZ ! Q1 QTi IR CCHhEBpiISUE Bnb R APRAL EaginbOr Use as
bi osensors. I mmobilTzed antibodli es on non-foullng surface surfacés, such as
zwi tterionic sufdfcacmsfacdsavechberpwitenonist suafaest, have beanefianenshatett tant i body
activity and antigen specificity in whole blgod.. "Smart" inplanted nedical
devi ces t Hat ERTBOOTHEGORY A 2ot rpUgsowes ICHHELVA9 etbﬂqﬁﬁiunénﬁgt hways,
such as proin @Eﬁr@ O ¥d:eMt QKO8 SihaP delRE uRE G2 Qf a0 P3SIRkig 1 nfectious
agent, perhapis[{1 roggﬁ&gg%iect ilon olfa aesecruete %cerlo ?g? toxipg,1 goul d be
desi gned, f or immanplpethwhays, stch ke prognfimeoatbiccdokingndr ds present® obiaonol ecul es

tailored to nonitqr.these threats ropriate.therapeut strategi es could
t hen be enpl oPB’Efltg%f POy aﬁ?\‘?tai}%’r‘%}%p@’%%["ég#ﬁ,m%ﬁiﬁ%ﬁgeieﬁflalffq%éﬁ? ari ses.
The stability@fint iR WetdeRichNi for TRhGEI Byl WHlMANOsRIcHE Sffbodicdbrgue

advantage in this type of scenario due to its longevity. Ill. Mthods of
Maki ng CoH ed bdudequdgse pilogNoty fitonghessathirends cheraopipteshergpytiar t - f r om

met hods may be highly resistant to foullng by protein  bacteria, or other
ngents. Vet hodtsPor iR gheih B erbfued ettt b b B E oudBE hish 456l o

A. Under coat i ngnfeftidal 868! ThE stbidiite af thd ewiiteiositiableaile s ale pafvide aconposed
of multiple different 20 materials, each with its own surface properties.
Even devi ces &Bifyesemngedaiis pepl sceappgee wdlsapgevifily be made up of

mat eri al bl en an i iy Gl radi o-opacity agents, and
ot her additi vgissl'al %@Q%Fﬁw&ﬁﬁbg@%gﬁgﬁgﬁr ate surface properties. In

order to f&sure uniNerfoulng t@tiagsonped ukingRréfofromaxethivdd mgy boat i ng adhesi on
and efficacy,

a precpat of a _25single polyner or polyner blend y be
pl aced over trhéglﬁmfét%a&f@fophn%ﬁbamle 29 “éﬂ‘?fdﬁ'iler%@ﬁ nis.¢ ”l?ﬁﬁ@fngoati ng
coat contains n?ak‘?ﬁ%}ﬁlk& R BEstralddSrP Q¥ ABLY seddwbe deposited on the

a

substrate using a riety of techniques known in the art, such as sol vent
casting or di ppi ng,A.opt ilbmirteatimgwead ppretoatimegss| i nki ng t he undercoati ng coat

once it has been applied ta th ubstrate. 30 Us f a.si e pol yner
under coati ng | ayer %?Ad?gélﬁ‘é‘ﬁfj?@saﬁtgﬁa‘ree%ﬁ.e?fltcomofﬁeo(%%lﬁﬂﬁ%?irbggrﬁelg‘% a coating
surface thet hagedalsiRbEPHh id @Rkl suifaddistop@aieE NEVeAtdeORReOEorhpdted i onal groups.

primarily of a single polymer may be made up of material blends and can

include plasticizers, radio-opacity agents, and other additives all of which
will affect substrate surface properties. In order to insure uniform surface
composition for maximizing coating adhesion and efficacy, a precoat of a
25  single polymer or polymer blend may be placed over the substrate. In a
particular embodiment, the undercoating coat contains a single polymer. The
polymer can be deposited on the substrate using a variety of techniques
known in the art, such as solvent casting or dipping, optionally covalent
crosslinking the undercoating coat once it has been applied to the substrate.
30  Use of a single polymer undercoating layer, for example, can result in the
formation of a coating surface that has a uniform identity and concentration
of functional groups.
The undercoating layer may contain a radiopaque agent, such as

BaSO; or bismuth, to aid in radiographic imaging of the substrate. In one
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The undercoating | ayer may contain a radi opaque agent, such as BaSO4 or

bi smuth, to aid in radi ographic imagi ng of the substrate. In one enbodi nent
t he pol yrwo 208/06890f ] ex - 93A or Car bot hane 85A, opti onalpCy/useswasnihg O to
40% by wei ght BaSO4. The undercoating | ayer can also include, but is not
limted to, polynmers such as pol ystyrene and substituted pol ystyrenes,

pol yet hyl ene, elapedidRhOdY belener ROTaOUEL IR SarbpBhiaLI A tiesalgnd
pol ynmet hacryl at es, . pol yacryl am des_and pol ynet hacryl am des, pol yesters,

pol ysi | oxanes companigthierd? porpieht Ba®@st er), pol y(car bonat es),

pol y( hydr oxyal kano : o aet: ilicones, epoxy

resi ns, KEVLARO N%@er%%@i%%¥ g%go?ﬂg%ﬁdg’ﬁgﬁgﬁlkg grﬁ?)’l i C resins,

PTFE, nat ur al pdi9art syhubhpélysyehaandseysttutabidgdtyresesapal ystagleadt s,

pol yol efi ns, pol ysul f ones ol yacrylonitrjle, biopolyners such as

pol ysacchgn‘é i daslyRifgY §?’LHO$X(RT€§¥3§§)SCB‘§8WW€W§ am?e?@meﬁlaaw 'nbi nat i ons

thereof. In a j o ! I - ; ins small
Pgl&gf}?lgﬁﬂ?&%ﬁ%@k mettfg&fclﬂ%%?d& ORIy edrd, ?B@Ell&&ﬂ%é

nol ecul es or nal groups In Ing, but” not Timted to, hydroxyl
groups, am nopgiyothpss, paa{ovbredtéer, roiydiopbonaes)deli bpdroypdkanmate)yr oups, al kyl

or oubs can be odBaeRE e SEERS TR IRRG R SRS Bo T EARRG non- foul 1 nG
material and/ groNexas, IMEOROMED aREH, E_@Lyaﬂ&ﬁ&[‘ﬁ%ﬂoﬁc r&insPPOPBYaaGhI C agents.

Coating titaniumsubstrates with a high density of non-fouling 20coatings
may i ncl ute sard sovhanisclastasears, @dhestvasand senlavs, ahyetdfimaanolypubopss. on t he

titani um surfaCF tlploc%\r/i?el E%t loi’érnz%[rt au%?x atshgl Cé)c%}leilrri] sarE hafif (lee’ hydr oxyl|
groups can be PRPEAYEF O Oh Ubst rat € Surrace’us ng ah oxi ative pi r anha

sol ution. ThesgpdyuRIhaast, itbfonisnatied theedfohahithdrentbodhmancher i ng
nol ecul es presenting organic functional noieties. A ternatively a 25
titani um oxi danflergeatingdgyepeonjpighamakh makeculesor fustignalrqupsiineidide.heat i ng in

i d ke SASRLLES
freatment, Pt REL R pbups Al R Aps Soloh e RRUPAZOCS 11 L ani um

i ncl ude, bt greupeotzolgrenpsedkyiqrowisl alkene phosy hlbwhe g@opg andsitoxzat echol
groups. For exanple,_ trijrethoxy silanes and trichloro silianes ¢can be

i ntroduced on &&PEhEheEHPGionar BpURS (a8 e T SIAAIChANEP Y EXp Sy t he
substrate to g, gRlthé Ah-RfulinBaterial and/or to attach therapeutic, diagnostic, or

prophylactic agents.
Coating titanium substrates with a high density of non-fouling
20  coatings may include surface modification to introduce functional groups on
the titanium surface to covalently attach the coating. For example,
hydroxyl groups can be created on the substrate surface using an oxidative
piranha solution. These groups can then be used to covalently bind
anchoring molecules presenting organic functional moieties. Alternatively a
25  titanium oxide layer can be grown on the surface of titanium by heating in air
at very high temperatures, e.g., 773-1073 ° K prior to piranha treatment.
Functional groups for anchoring undercoatings to titanium include,
but are not limited to, silane, phosphonic acid, and catechol groups. For
example, trimethoxy silanes and trichloro silanes can be introduced on to the
30  surface of titanium substrates by exposing the substrate to a solution of the
silane. The functional groups can be in the form of small molecules,
oligomers, and/or polymers, including copolymers.
The precoated substrate can then be further functionalized using the

coating methods described below.
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silane. The functional groups can be in the formof small nol ecul es,

ol i goners, and/or polyners, including copolyners. The precoat ed
subst r at ewoamoidssssobe further functionalized using the ecatisa@ometohdds
descri bed bel ow. WD 2010/ 065960PCT/ US2009/ 067013 B. G aft From Coati ng
Met hods The conpositions described herein are generally prepared

using graft from nBt hode;ramm»oﬁpooi@mgmhmt erial can be grafted directly
fromthe substrate_surface, by %rOWI ng the polyner_froma reactive
functional group oADGEHBPAHHHE hﬁréefbareAmeéallvawwp@usm&éraéhbstrate

can be_ coat ediul @ dneRNEAA LG hAKRL LW MAREHIDE, ROLVE! 1S gr own.
S may pro an

Graft from coati ng net uce robust ense” non- ouI i ng
coatings, gr owbsdaﬂeeutﬂige hyrgmwmghbgbiyateetmmé maetiveNMuodtidnabgrenp onat i ng

densities can_be obtaine Si t hi d rel at ve to ft to 10coati ngs
because sni | thegsi ?tﬁ‘ﬁcb?ur%ﬁ ‘éﬁ t’%ejﬁ’nﬁ ’%ﬁ?ﬂt@&a’& psteq %&gtaﬂer on and/ or
in the subst rﬁﬁd‘éx@d&%ﬂg@f‘ﬁ@ﬁﬁﬂ%hﬂﬁ Mxﬁ%@ rodier e pol ynerization is
initiated and propagafe t han | arger pol yrrer nol ecul es synt hesi zed in

sol ution. PreferabDyaft from contngreetiiods may eresducereetiustdnddisuice®sy: t he chemi st ry

utilized nust .bhe robust and a 0 erc face.defects. 15
Chem stries rgodﬁl[nglc%i r{gﬁ,egrpgpﬁérteftﬁy ﬁ‘essgf’)%ées%%#?ﬁ? elg{ ﬁ@ﬁ%ﬁhg er s (SAMs) or
ot her single paltRgWenditiéstahibatobtaihcdlitirg tBisendtB&breldtkeky gfa@ thesul t i n
manuf act ur abl e coatings. For_ some applications, processes that do not

require stQi ceoatipgs besausst salbiottiasg IE@FI%H]?S @ﬁi’e@&%‘éﬁ‘éﬁé@%t@g@%?@@h anhydr ous
sol vents, etc %d/HPQﬁ tf?@sxﬁarsﬁgtg%ﬂ@io?un@e?@&ﬂgg?&??c%%hgg pggz egi(%gt%n jch that

their reactivi rati os at | I C COpO| ynmers

with a pre- spaﬁuétecedndpbpaga@efd &aﬁharganmmher maladuﬂas gﬁhﬂ&hi}t@&iﬂs or
honmopol yners. Incl u I?ang[ re than_two reactive groups on each nononer
unit aliows fé&plutiere Preferaliy: &1 the mepufactyr Qffasdical deviars: empsiiyul ar |y

pranched pol ¥ Rfised i ngﬁ%@géaﬁspm%ﬁ@ o%ém%mgymn%ur@wd&&?h pol ymers.

Pol ymer brushes, near and branched copol yners endriners, tethers
and hydr otfl s%ammlﬂeesfreqmadgtnefbnmvmnsgfrsbllﬁaﬁsembManmqlmm(@w}gs) but not

| ted Lo, st Aol BeLuEizaL o0 Lopleypal WRLIFR! on atom
manufacturable coatings. For some applications, processes that do not
require strict control of reaction conditions (absence of oxygen, anhydrous
solvents, etc.) may be preferable.

20 Monomers can be designed such that their reactivity ratios give
alternating copolymers, periodic copolymers with a pre-specified ratio of
each monomer, random copolymers or homopolymers. Inclusion of more
than two reactive groups on each monomer unit allows for the formation of
star polymers, dendrimers, regularly branched polymers, randomly branched

25  polymers, and brush polymers.

Polymer brushes, combs, linear and branched copolymers,
dendrimers, tethers and hydrogels can be formed by known synthetic means
including, but not limited to, free radical polymerization, ionic
polymerization, atom transfer radical polymerization (ATRP), nitroxide

30  mediated polymerization (NMP), reversible addition-fragmentation
polymerization (RAFT), ring opening metathesis polymerization (ROMP),
telluride mediated polymerization (TERP) or acyclic diene metathesis

polymerization (ADMET), and UV, thermal, or redox free radical
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30 nedi ated pol yneri zation (NMP), reversible addition-fragnentation

pol yneri zati on (RAFT), ring opening netathesis polynerization (ROW),

tel | uri dewoedioatsegopal yneri zati on (TERP) or acyclic di ereTrast@vheniis

pol ymeri zati on (ADVET), and UV, thermal, or redox free radical

pol ynerization. In a preferred enbodi nent, the polyner is formed using a
redox pol yner p@lghiefifatidh0 €8 prefdrrddDémbadimend, (RpOBesESs fobhed gsiakt from

pol ymeri zati on can propagate through a cationic or 5anionic reaction, where
t he subst r at el§l0¥ PAYEIHEFEONIOEIE cation or anion initiator or a cationic
or anionic initiator isqinmmo 'Jd-ﬁﬁﬂcﬁ%&)@&s&“bs”ate and t he nononer
contains a reactive olefin. anpl es of anionic polynerization are anionic
ri ng openi ng, as i ifh¢ peficdase polynsyizbti@scani propagateythmpploh asti@nieoor

pol ycaprol actam where the polynerizatio roceeds through.a intone or

10l actarn ioi gpgnic deagtipp, ‘ﬁheg? F%c?ﬂ‘lb?t?t"cﬁﬁ?aﬁ?ﬁ?tﬁés gleﬁéﬂ%ﬁrtaniw tterion group.
Al ternati vel.y ini@Ro053addienic od GnBARMRIALISs ARBoQizd R EhE YistraRfapnsat ur ati on
and a pendant zwitterionic group are polynerized. In one enbodi nent a
pendant ol ef i theirgonamadr¢detdinsa redetiverotedime Examiptes afi dnibsicpobundromation
crosslinking, such as.in ri n%qogent' ng met.at hesi. s grgllxrreriIZﬁti on (ROWP).
15Functional §FdHE"s It nie i bf’ 1§ PSPPI DRR Y SHYT'BHEREEh pr ocee
can be i ntrodyggaproladtadivheteth®poNasizath@ préccaiPihtoughid lh@emEoPO! yners can
al so be treated vvlth.trl_fll.c acid to |n;(oci)uce Si H groups which can be
subsequent®@y lactam meipty B arin@siFUCAITE icopiani thapaslaviaIHETIthEForppr opr i at e
functional gr . h .AC: Jr e . hbe treated
using 20 a pl AdamPek SeihlP e B SR AL B SRaGRRA g

hydr oxyl and/ aefd apemRngswigdpsosiaQrd ¢ pylyaledded. dn doy émivddimknti eties on the
surface foll owed b%; 1tsgt he,ri]glg of the polymer brushes., Alterpately, am ne
0

functi onal i ti @gnderholgln isinelydedwdhe monpmieswrit andds yredfopgioytinkngane

substrate by i =Ygy as hexanet hyl di am ne
t hrough 25am %{l) ys|q§%g\gﬁﬁngﬂgkaftﬁg}sﬁlﬁée%ghﬁpgétjlﬂr%g pol ymer networ ks can
be used t®5i ntrodufencionel groeps thidughavhictogigftdips polytneriaatpok yan et hane

substrate. In ano%ger enbodi nent Bol. merization is initjated by
functional i zi RPF cag herigtradysed i ?ﬂ%@é??&’?’é& Ocrl‘?xgnglﬁa?l'm(?’f’ﬁl ecul e, such as
an azide or tepiid cadl A tr 0 KNP ASB ARG itidRELd FirgbepahhRhnati ng

reactions betweéen

can be subsequently utilized to attach silicone chains containing appropriate
functional groups to the surface. Polyurethane substrates can be treated using

20  aplasma treatment with CO,, O,, and ammonia. The resulting hydroxyl
and/or amine groups can be acrylated to form vinyl moieties on the surface
followed by tethering of the polymer brushes. Alternately, amine
functionalities can be introduced on the surface of a polyurethane substrate
by treatment with a di-amino molecule such as hexamethyldiamine through

25  aminolysis. Semi- and fully interpentrating polymer networks can be used to
introduce a polymer with amino groups into a polyurethane substrate.

In another embodiment, polymerization is initiated by functionalizing
the surface of the substrate with a small molecule, such as an azide or
terminal alkyne, and exposing the substrate to alternating reactions between

30  one or more different monomers each containing two or more reactive sites
of a single type. For example a monomer containing two azide functional
groups 1s reacted with the substrate surface followed by reaction with a

monomer containing two terminal alkynes.
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30 one or nore different nonomers each containing two or nore reactive
sites of a single type. For exanple a nononer containing two azide

functi onavogonouesebs. reacted with the substrate surfaceptoluseawsdetoys
reaction with a nononer containing two term nal al kynes. WD 2010/065960
_PCT/ US2009/ 067013 2. Radi cal Processes I n one enbodi nent, the
non-fouling polynmeric materials are grafted fromthe substrate using a
radi cal pol ymeri zation Brocess. . The 5pol yneri zation conditions described
herein are general ly ni Bd colgdicaliPresesteher met hods of pol yneri zation and

t hus do not signifi : T i A gbility, or
di nensi onal proper Wgrggéo b"?ilf‘{ég’ﬂth%‘gﬁ°ﬁ@%§“ﬁ%§§&g@%§%‘%@§§d radi cal

pol yneri zat i ofroprthe esisaatel ustlgud@dicblpol gmerization picess. Teel t o, UV, thermal,
and redox initiated groces es. In ggréi cul ar errb?aglityrre,n S, a coating is
grown dir ett | PORMSHLIAR ogaliopadescabed hireln apgeerally Ml eBRae Br adsor bi ng
one or nore | gl Alefods oFleﬂ?m@ﬁzef%i’&n%H'ﬂﬂié'd&'r%i si?H\ﬁ)cantI feiRle, Or redox
initiator into or onto the surface of the substrate and 1 nitiating

pol ymer i zat i omeohanoeaé popertiss ellaxpribiye psdiinensondeprepertiesod thel 5Pol yner i zat i on
is typically in't'atedbb exposing the initiator-inbi bed substrate with a
sol ution or sﬂg%’é Lottt 8‘¥at‘f‘he nononer or nononers to be pol ymeri zed.

Chai n transfer agemkgmpR oPRJRAMSHyERIiEARNTROQERE ifPhde b@hré Rotredi ate the
graft fromradical polynerization reaction kinetics. Chai n 20transfer

agents i ntd udémitsdto.de, themnal; avidtredpxtipitiatngl pwecsisess. dompedionlang hal ocar bons,
thiols, dithi %&%wﬁ%&e% boétgz'&tip'g%%r@l?%ﬁ%%%i ﬁfetsﬁli)s?l%%ts%%%geﬁe?gﬁ%at es.

Exanpl es of chai'n transfter ents are i'not richtorone

4- met hyl benzeapidbiak or hdsotigy eibadhoRhitiates, sach Saln Wedwster {Lzag i on
graftings are nedi ated usi ng 2,2,6,6-tetranet hylfpi peri di ni e-1-oxyl 25
(TEMPO). | n offerdabeuredaninitigfar miipicento gisispraed ofdhe spsptsmpdngs are

initiating polymerization of one or more monomers from the surface.

15 Polymerization is typically initiated by exposing the initiator-imbibed
substrate with a solution or suspension of the monomer or monomers to be
polymerized.

Chain transfer agents can be added to the monomer solution to
mediate the graft from radical polymerization reaction kinetics. Chain

20  transfer agents include, but are not limited to, molecules containing
halocarbons, thiols, dithiocarbamates, trithiocarbonates, dithioesters,
xanthates. Examples of chain transfer agents are bromotrichloromethane and
4-methylbenzenethiol. In one embodiment the radical polymerization
graftings are mediated using 2,2,6,6-tetramethylpiperidinie-1-oxyl

25 (TEMPO). In one embodiment the radical polymerization graftings are
mediated using reversible addition fragmentation transfer (RAFT) agents.

For those graft from methods that require an initiator, the initiator can
be introduced to the substrate surface using a variety of methods. In one
embodiment, the initiator is introduced into and/or onto the substrate’s

30  surface by physio-adsorption, wherein the initiator is dissolved in a solvent
or combination of solvents. The substrate is submerged for a pre-determined
amount of time in a solvent or solvent combination containing the initiator.
The substrate and/or undercoating layer.is allowed to swell ultimately

imbibing initiator into the substrate bulk on or near the substrate’s surface.
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medi at ed using reversible addition fragnentation transfer (RAFT) agents.
For those graft fromnethods that require an initiator, the initiator can
be i ntrodwmoadinmwsiche. substrate surface using a variety eCTmstéomds 013 n one
enbodi nent, the initiator is introduced into and/or onto the substrate's
30surface by physio-adsorption, wherein the initiator is dissolved in a

sol vent or comhe gadrtenoPinitiediMenéduced REths Yiissuiagd @nibs conbsiidgsd for a
pre-determ ned anpunt of tine in a solvent or solvent conbination

cont ai ni ng t hehanging the gencentigion A dbe witiaterin ths solivrabpluben #yl/erdyer s

|1 dt bul k
o near the sohees i BPERSLN AT RRR R RHIO b R B P Gucea (o

t he substrat es@lanoﬂne controll ed by changi ng the concentration of the

initiator in the s ven sol.utj on and/ or by changi t.he amount of time the
substrate ¥s allo a‘EQS (?&bpofiﬂn?‘%g‘q lﬁit{af“étl%’rmr§a19‘i‘?gq%ﬂlesﬁ g ot her

embodi ment .1 heyirgietdr %h@ércéémg 'Pé}re? Q%J Qﬁgnit-éﬁs%ﬂﬁioﬁ UbShisahodithd@Ghe OF

under coating | ayer by chem -adsorption. hi's embodi ment, the initiator
contains a reautiawreccgnmutpa tdagtivergrbiip &memltaﬁdnycalbar@actmtlﬂhe he substrate

surface formn bond etwe subs and t initiator. 1
O ori 11 anotRarafnar e e e o APt Oy REPR e SUOREH 11 e subat 1 at e
surface by cojgdgmesition of the initiator nolecule WI th another naterial.

For exanple the initiator can be dissolved in a polynmer solution. Athin
filmof p&Pyner andnptili mcah@renﬁaoélr@l@pdmlmé@t@m atofeced b Stersabeirdyy  di ppi ng

the substrate #u{f%cteg)yl F-J glh&?bf -Lger‘nﬂlgfog %n?%‘)tlec{xle oith gﬁottl?e% agén.'ﬁ Ly or

T
indirectly ini nerlza I'on S ace' G bs(frate or

initiate pol ymmplatthmntuﬂortdaﬂ be@:s@@lpe@hia Solyiiet @ilitiin, Aﬁhﬁf\ﬁlhﬁﬁf of
co-deposition naterials . include, but are not |limted to, Tecofl ex,

CARBOTHANE( r ) Pobimer Arymigiator ¢5g dsppsiied aptedhe piisiyate py digdng 6l yest ers or
sol -gels. In yebtanahhes s@lﬂﬁl‘?ﬁj'ﬁi‘é%mﬁﬁ?c MlilHeR %ct ysorqh&?e%{lgén%&]%orporat ed

i nto 20t he backbone of a coating terial, suc br om nat ol yur et hane.
In this eﬂrﬁodlpnigmnerizhmrcmathersgfa@ adi thcemi}jstyata,pmlmmdtetpmlydmlmubﬁbn ate surface

coat| g For O UIT N St A dL ey g drgor e Felrta TR oRTf
o T s ot sy e 1 s
pol yner to peqmbfurqahame,molystgeemnmlymemnr gfl-gbul i ng agents into the
f (ﬁgt InE?rbte)?/ IO][] Caggf gggp%%thgy gi?igodlgien{] the nutoigtolr Psgdu% t?)llj P 100%3%93/’[(9 1n|tonCr easing .
20  the backbone of a coating material, such as brominated polyurethane. In this
embodiment the coating is directly applied to the substrate surface and
polymerization reactions are initiated directly from the applied coating.
For non-fouling surfaces, increasing the concentration of initiator
through imbibing or an undercoating can increase chain graft density.
25  Having a higher chain graft density allows the non-fouling polymer to better
prevent the penetration of fouling agents into the coating by increasing the
number of non-fouling groups and/or increasing the number of decreasing
the inter-polymer chain distance to decrease the penetration of fouling
molecules into the coating. In one embodiment, the initiator is imbibed
30  (absorbed) into and onto the surface of the substrate. For example, the

substrate can be exposed to a solution of the initiator in an organic solvent.

The solvent can cause the substrate to swell, allowing the initiator to absorb
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the inter-polymer chain distance to decrease the penetration of fouling
nol ecul es into the coating. In one enbodinent, the initiator is inbibed
30( absor bedyoiowssweand onto the surface of the substrat ePCRaS2eanphie, the
substrate can be exposed to a solution of the initiator in an organic
solvent. The solvent can cause the substrate to swell, allow ng the

initiator to ahsdiebubitiiia Thedsguesimbti@ptidihaitslegsebstate isaFoigiond i nto the
substrate is function %f t he amgunt and the duration of the swelling of
t he subst rat ethe amount apd the duratien 9t Hissywellingafdansubsiatact as an inhibitor in

free radical polymakigzaliQR BSvel bx R chf 8GTas AH b Yorth e 1NGc] ree radical s
Wh

generated by the Sinitiator to forristable radical species, ichin turn
can react w t polgtivezaticmdisaadanspat gesklyowvitiothe freeradicdls genesgied by thewhi ch

termnate the.polynerizati on. Therefaqre, creating an 0Xx n-free
envi ronnen bﬁﬁ@é‘é‘é’sﬁ)ﬂﬁ S%B{gﬁa%lc?elrs%cé?ﬁr Sthichy g swm n\r/%h%ﬁﬁpglef ypi cal |y used

to renove oXygRRcdd§hHRicd i@ R AUEdE v PIBIIEA] leBRinatdanever, it would ,
preferable not 10 to require such degassing steps i n commercial production.

Al t er nat i vel y polymegieatiam Therefosg.srenting an obpgan-ngednwvédnizgnttiyl 1 i ng t he react or
with the reaction.mxtures thus physically displacin he oxygen in the

reactor. In aﬁ%‘%ﬁ?@l}lggﬁ%%g%%e ora goérYta u%p&ﬁ&gi@x@sﬁa ° b §n can be added
to the reacti oRygBnYetdre andirtiBp Ry QXN SRNS PRSI, RGvaedpRAdrable net ude, 15but
are not limted to, sodium (nmeta) periodate, riboflavin, and ascorbic acid.

These ageh®s Hagearippuhalegpsingrstaps ae gorpmerciad prasdyigtion.ng pol ymer if the

I tne. embodi mont , "R Eny 1 Sar 1k L8Nk BE RS B gkl e 20°

substrat e and ré¢asidrivdthathe asaetibry pixaatel yhuslphgsichllyndisplavingthd@aygen idegassed,
sol ution contgini n% a zwtterionic nmonomer and exposed to UV |ight,
initiating th&Sgragter {3 At MLty sV high SENeI O aeR 9% sur f ace.

o ! oA el e e DUl e
1 but are not limited to, sodium (meta) periodate, riboflavin, and ascorbic acid.
These agents may improve the efficacy of the resulting polymer if the
polymerization is done under conditions that are not inert.
i. UV initiators
In one embodiment, the initiator is an ultraviolet (UV) initiator. The
20  substrate and initiator are typically placed into an aqueous, degassed,
solution containing a zwitterionic monomer and exposed to UV light,
initiating the graft from radical polymerization on the substrate surface.
Examples of UV radical initiators include, but are not limited to, 1-
Hydroxycyclohexyl phenyl ketone, 2,2-Diethoxyacetophenone, 2-Benzyl-2-
25  (dimethylamino)-4’-morpholinobutyrophenone, 2-Hydroxy-2-
methylpropiophenone, 2-Hydroxy-4’-(2-hydroxyethoxy)-2-
methylpropiophenone, 2-Methyl-4’-(methylthio)-2-
morpholinopropiophenone, 3’-Hydroxyacetophenone, 4°-
Ethoxyacetophenone, 4’-Hydroxyacetophenone, 4’-Phenoxyacetophenone,
30  4’-tert-Butyl-2’,6’-dimethylacetophenone, Diphenyl(2,4,6-
trimethylbenzoyl)phosphine oxide/2-hydroxy-2-methylpropiophenone, 2,2-
Dimethoxy-2-phenylacetophenone, 4,4’-Dimethoxybenzoin, 4,4°-
Dimethylbenzil, Benzoin ethyl ether, Benzoin isobuty! ether, Benzoin methyl

ether, Benzoin, 2-Methylbenzophenone, 3,4-Dimethylbenzophenone, 3-

37



25 (di nmet hyl am no) - 4' - nor phol i nobut yr ophenone, 2-Hydr oxy- 2-

nmet hyl pr opi ophenone, 2-Hydroxy-4'-(2-hydroxyethoxy)-2- nethyl propi ophenone,
2- Met hy 1-wo-201oatsbgsbt hi 0) - 2- nor phol i nopr opi ophenone, PCT/US2009/067013

3' - Hydr oxyacet ophenone, 4'- Et hoxyacetophenone, 4'-Hydroxyacetophenone,

4' - Phenoxyacet ophenone, 304'-tert-Butyl-2',6'-dinethyl acet ophenone,

Di phenyl1(2, 4, siydtcr\iyhaizbmhémeﬁe,@yweﬂhmembmnone 44 -
oxi de/ 2- hydroxy 2- et hyl pr opi ophenone, 2, 2- - 2- phen | acet ophenone,
4, 4' - Di met hox{Pbéfis b lamino)kenzopperongyA, ﬂ)eﬁthYIdrOXBéﬁ)?@Phﬁ@Pﬁﬁ» B, Benzoin

200Uy St HEBE AR, M Bl C 0 BN DB bRaROR e,
4,4' - Bis(di eBbyi(azitbiplm)lbéﬁﬂépdremﬁrmzoﬂ;eﬂbn@ﬁ%dhgbbyhm&h?mnone ]

4, 4" -Bi 4-(Di ' )
4. "Benzoyi bi pRERAPRCORAP ok bEHCBHEHOR S E i PR EREn e 5
Benzophenone %e&nyl‘fm‘Jna‘té @&Ifcﬁ&@"’s%‘?&)ﬁk'%l%ﬁW%dnﬂﬁs QE(qnzophenone Met hyl

benzoyl f onnat e ler”s ketone, Sulfoniuns, iodiums, 2-(4
Met hoxyst yr yl)\’leihceéybtlysxli #JGcths(m@rh@Dmpth)yl)ll, aﬁatiazlnaﬂlphqnybmeIp odoni um

ptoluenesulfo norbo ne- 2 dj. car boxi m de

per f | uor o- | but® E‘fw_og%g?t EIXM?@ %{Bﬁ?eﬁgﬁ %aglé xfl?]fcglpgi%uor%'lf ert- 10

But yl ant hr aQUb{jﬁﬂ@,u]fanékQ }E’Jpgramymlgﬂﬁﬂuhm@mﬁaté\m@ﬁaqw none- 2-sul fonic acid
sodi um salt nonohydrate, Canphor qui none, Di pheny1(2 4, 6-

tri met hyl Bénz Sptyigrbegringes, 8>d|0d@wn4mhm§¢ﬂynmﬁ@ﬂmmmwé-’ -sHfamicant hones,
and | RGRCURE %?ﬁ%f)?;me{a{[% o'ﬁ!y&:'a%t %’a@p%&'ﬁﬂlnl%ﬂgtﬁ‘gg. ﬂ@ p ent a heat

activated (therfm s use ace initiator

descri bed abomnetamﬂaeﬁmngh@sfphmwoampod) Wighyiglednotiazise, kliibtdntliceds,by heati ng
the aqueous nonomer sol ution tenperature to a desired tenperature and

hol di ng t he téﬁ%éﬁ“éR GURESISt ant until the pol yneri zation is conpl ete.
20Sui tabl e thermal initiatorsg i nchyd aletltl% not limted to, tert-Anyl
per oxybenzoate, 4, 4-Azobi s(4- cyanova eric acl % 2,2 -Azobi s[ (2-

car boxyet h§1) - 2- rreﬂﬂnylhqjhcamhdmdhhdit adjeat aznﬂated\zbhnm@ﬁnh'mdmxysea i, -

di met hyl val er

Azobi si sobut yl?’i]?ﬁt hheéy\/ MIBNP %ghg%i%/ Cl Oh%‘iéaﬁfggf%é %%%é p‘é?%l(atlonz )

25but yl per OXYXQHH?&?@ by]helmﬁb ﬁfeta%lﬁémﬂ%éﬁ{&?err@élﬂl&ﬁ/&ln@&%@% a2, 5-Bis(tert-
but yl per oxy) - 2, 5- di net’hyl hexane, 2, 5-Bi s(tert-Butyl per oxi: - 2,5-di nethyl-
€

3-hexyne, Bi S@QSI(qdéﬁmP@‘aWﬂ @Eirlml@'l)lg thentemipytadiry ponystrah zetle!
1,1-Bis(tertbut ro trimethyl cycl ohexane, tert-Butyl
hydr oper oxi de t@gf nzatxelr) 1S cbmp?et

20 Suitable thermal initiators include, but are not limited to, tert-Amyl
peroxybenzoate, 4,4-Azobis(4-cyanovaleric acid), 2,2°-Azobis[(2-
carboxyethyl)-2-methylpropionamidine], 2,2’-Azobis(4-methoxy-2,3,-
dimethylvaleronitrile), 1,1'-Azobis(cyclohexanecarbonitrile), 2,2'-
Azobisisobutyronitrile (AIBN), Benzoyl peroxide, 2,2-Bis(tert-

25  butylperoxy)butane, 1,1-Bis(tert-butylperoxy)cyclohexane, 2,5-Bis(tert-
butylperoxy)-2,5-dimethylhexane, 2,5-Bis(tert-Butylperoxy)- 2,5-dimethyl-
3-hexyne, Bis(1-(tert-butylperoxy)-1-methylethyl)benzene, 1,1-Bis(tert-
butylperoxy)-3,3,5-trimethylcyclohexane, tert-Butyl hydroperoxide, tert-
Butyl peracetate, tert-Butyl peroxide, tert-Butyl peroxybenzoate, tert-

30  Butylperoxy isopropyl carbonate, Cumene hydroperoxide, Cyclohexanone
peroxide, Dicumyl peroxide, Lauroyl peroxide, 2,4- Pentanedione peroxide,
Peracetic acid, Potassium persulfate. .

The temperature to which the solution is heated is dependent on the

monomer and/or the initiator. Examples of thermal radical initiators include,

38



Butyl peracetate, tert-Butyl peroxide, tert-Butyl peroxybenzoate, telt- 30
But yl peroxy i sopropyl carbonate, Cunene hydroperoxi de, Cycl ohexanone

per oxi de,wDi2o1wmsboeper oxi de, Laur oyl peroxide, 2,4- Pent aoedisece/opmidxi de,
Peraceti e acid, Potassium persulfate. . The tenperature to which the
solution is heated is dependent on the nononer and/or the initiator.

Exanpl es of t bgmfe abt lindithdata) adontdripdaids sichcdsiidebisibebut@britiilet( AIBN)t ed t o,
azo- conpounds such as .azohi si sobutyronitrile

d
1, 1' - Azobi s( c§Rd bheRgndiesy geksapsaaeionitieBC QIT*S%N)%@?&%W#% cal
pol yneri zat| Oﬁggﬁgﬁ%ﬁ)ﬂ rée?cﬂ%?%?%g?ébj L?Efdw é’oo‘ﬁﬂg L[ﬁél%aét{bﬁ dofifoh! ON

solution in | nitrogen. It ator n anot her

enbodi nent, airrledoknitroigen.at or systemis used to initiate polynerization
fromthe surface of the subsfrate ;he, redox initiator systemtypically

i ncl udes ;pai r of initiator¥ anRS4PHUHHARY a reduci ng agent. The redox

chem stry .descri beg; 4@k BnbddinReit, Ml BHlikQ HEBRAS 80 1Ak ng 10
polynmeric materials, for exanple, in the formof brushes, such as

zwi tterionic poyyesratimfsheshe Refdoxof the sulstian The redsgandiatbragsiehe nost
effective one-electron transfer..reaction ta effectiyel enerate free

r adi cal; undeppﬁﬁaﬁﬁ llécgklh%ftaipgﬁsqflmg%ors‘ anghlﬁ?lg&ngla&(?’%%%epﬁc de, but are
not limted tedoRRh&NIsHS def@ibSE héRirfsnR MTiAXY W thdreh&s fouling

per oxydi phosphat e, pernmanganate, salts of metals such as Mi(11l), Ce(lV)

V(V),  Co(10 1) polomexir magriplséqn axpmple, in the fagm ebyhehesetghfhg agent s i ncl ude
I

but are not Iipi ¢ | t -h.as. F 1L VY, Ti(In),
cu(ll), Ag(l) ?mat%eg’%%ﬁ’g?{%%é@’%ﬂ%&?g?ﬂ%‘?%’x‘sg‘ga}d’se,‘%@ceo’#é?ts, thiol s,
ket ones, al debffe@Be casichetroandnden asion20 Pffbyiively gembiatnfrearadhelsi ni ti ated by

radi cal s fornmed, di r_icﬁt ly.fromthe redox reaction and/ or by macroradicals
formed by theUBftpikt¢qndHioRs. a hydrogen atom fromthe substrate by the

ransi ent radi cal s ofred il AR INAICHECHONoMRARA B berbNldORRrEIRALI et the

L
substrate is coate undercoati ng 25coating and the non-fouling
mat eri al 18 gpefoxgdisdlfaes, pérexydipkospbat) pegmbragaeatebsalts etioctabodughws i zat i on.

The under coat i oat i t aj oxi dant r..Leducing agents. In a

pref erred enbég‘%ﬁih%,‘ahsﬁe&mng@m’_té%gﬂaé’éefr%ayént ains one or nore reducing
agents, such as acigdfabl@t&RBRk aghits @lchudekBitaREsot IidhitAYy dRsta] @Mk nes and

am des. An oxidant is used to react with one or nore 30functional groups of

t he under coat iswgh dsaie€h), Cao(Tho VAL, JdiTd Al (UhiAgDi mid oxaeeids heswiaf t from

polynert 2 O ropuigth RSy IS TR B ggRcoa L, Laver 1
and/ or hygpoxyl gr @apgneriStedh fat iR ihRlafedddnadicals S@ehdddlifeoilyframuheer coat i ng
ayer on redox reaction and/or by macroradicals formed by the abstraction of a
hydrogen atom from the substrate by the transient radicals formed during the
redox reaction.
In one embodiment, the substrate is coated with a undercoating
25  coating and the non-fouling material is grafted from the undercoating layer
by redox polymerization. The undercoating coating contains oxidants or
reducing agents. In a preferred embodiment, the undercoating layer contains
one or more reducing agents, such as acids, alcohol, thiols, ketones,
aldehydes, amines and amides. An oxidant is used to react with one or more
30  functional groups of the undercoating layer to form radicals which initiate
the graft from polymerization.
In a particular embodiment, the undercoating layer is a copolymer

with pendant groups of aliphatic chains containing silanol and/or hydroxyl

groups. Such materials can be used to form a undercoating layer on
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pol ymeric substrates, such as polyurethane (PU). An oxidant, such as an
oxi date of Ce(lV), reacts with the hydroxyl group under mld conditions to
f orm hydrweybiwvmsicoal.s i n the undercoating | ayer to gr oRCrhis2@ei0610¢3 i oni C
pol ynmer brushes. 5In still another enbodi ment, a pair of peroxides and
metal salts (such as Fe(ll) as used in the Fenton Reaction) is used in the

redox pol yner palginedo stidtrawk,| sich Be pgoMrirt@ah(PLD). pol ytdantyugb besn on pol yners
such as pol yur et hane. Peroxi des, such as benzoyl peroxide, | auroyl peroxide,
hydrogen per of¥idate obfCeVousits pithdhs edrayd sronm wdgr mid sordiEopdPyner such as
pol yur et hane ]gigg' h 0o i r.Qxi ] in an

organi ¢ sol veﬁ%fn r%@%?@a@?&?g%ﬂig E)%Jralﬂg la%?%i%ge&g%ﬁglw%g@eme per oxi de
cont ai ni ng popylyerr bsisjest i nto a sol uti on of nononer. The redox

pol ymerization is jnitjated by the addition of tal .ionsg, for exanple
metal i ond of Fe(l stll s RO cHRAU Il detoxpese Ang et patisdsuclimoni um

Fe(11) . sul f at g Q1) E@ldel)in HUCRRRH ReREiof )9 Ticktint GERRIR P BnQIzaBbeV at ed
tenperature to the nononer sol ution. For nodi fying the surface of an

articl e and/ oto buildthe ewigtesionicpol ymerrhireshies om polymetremichegpoliugtianpar ti cul arl y
useful to usejhydrpophobic-hydrophilic redox pairs., For exanple, a

v ophobi ¢ nRFEFIRE Sk S a b PRSI RS heSRYHF JBHCIECE PN a + edox
initiating sygicamyl péroRideaREmb2etuEMto the bolsteP By 6 bl yyiraBgRUy ng t he
initiator onto the surface and/or the initiator partially penetrating the
hydr ophobl@ sdippirgehe pelyiist e & apropidegolpsign iy ay geganic salvepl ipeat . The
i nbi bed surfa i | £4 . i f. il.J noners in
t he presence @fedf:%ggﬁlégp g%l%% {)qtgrgﬁe%r&)glﬁ&g;ﬂ?ﬁérowggggn%g}lgg&lk@% 5 grafting
may be initiapedinata idisticiysinagivois: cTiyddeoppolyinerizaioari$ Adeatby by @dox
processes. This_nethod may be_ useful for coati ng,ﬁol ymer surfaces having
conpl i cat ed géediier pEmetaipapder example metd ignsof (Thy #c8 3 B1D- hydr ophi 1 i ¢
pai rs has man t.NC i AT i £ flsi 0X

"o ator s | nEnOURg TePapitans sl SN SO G IRl PRy Singl R B,

hydr ophobls amahfpeyastnephricldvatedatrap@atofe toltbe menomeat siwgionUncont r ol | ed

di f fusi on of the redox ﬁ tners can | ead t.o1 sol/utio;tl|a ol%/ rization and
| ess surface funct FGhRICPU¥NE SR SUEGFe Bl ahHfigle apg/op 8y 08 ers are

hydrophil'ic, pelywEfhdcH, itGfs bSerdMLRd bhrkiBh1{ st usé RydiBFhdBaOTEr
sol ution, decreasing the anount of polyner grafted fromthe substrate.
Uncontrol | ed didfopbilismedsix paire. Feviesanyds, tarharsopbabic apateridl eanibe o unwant ed

reactions fr OMhb %h (\:vaHhsthé Hycirgghosoli'cb 5&1{ gtt & fedox initiating system. “Imbibing”

20  may include physically adsorbing the initiator onto the surface and/or the
initiator partially penetrating the hydrophobic surface. Imbibing can be aided
by use of a solvent.

The imbibed surface is next modified by treatment with hydrophilic
monomers in the presence of the hydrophilic member of the redox pair. The

25  grafting may be initiated at the hydrophobic-hydrophilic interface by redox
processes. This method may be useful for coating polymer surfaces having
complicated geometrical shapes.

The use of hydrophobic-hydrophilic pairs has many advantages
including limiting diffusion of the redox initiators into the grafting aqueous

30  and the substrate due to the hydrophobic and hydrophilic nature of the
initiators. Uncontrolled diffusion of the redox partners can lead to solution
polymerization and less surface functionalization. For example, if both
partners are hydrophilic, polymerization is more likely to occur in the

monomer solution, decreasing the amount of polymer grafted from the
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Suitable initiator partners include, but are not [imted to, tert-Anyl
per oxybenzoate, 4, 4-Azobis(4-cyanovaleric acid), 1 ,1"'-

5Azobi s( cyol2otveagsecar bonitrile), 2,2' - Azobi si sobut yr oniPCITiuseo00AsBh |
Benzoyl peroxide, 2,2-Bis(tert-butyl peroxy)butane,

1, 1-Bi s(tertbutyl peroxy)cycl ohexane,

2,5-Bis(tert- b&ﬁsﬁ'h@emybtﬂﬂeﬁdﬂfﬁm(bﬂwfﬂhexm,paﬂn&sBhlsélk@ldadlﬁutyI per oxy) -
2, 5-di met hyl- 3- hexy Bis(l-(tert-but oxy)- 1- met hyl et hyCbenzene,
1,1-Bis(tert- BWW&@W@&WS@@I ?dwflsomrtryl %ﬁWtEycl ohexane, tert-Butyl

hydr oper oxi de, ter Suﬁ&ﬂlé’l 1@&5:2;)?(%%?&%01&@4 but QHEM{ LRREPY, Be-ARRf L - Butyl

per oxybenzoate, tert- uty per sopropyl carbonate Cufrene hydroper oxi de,
Cycl ohexanoneppexy)bdndea,temléu%mpbls@eczmottée;md_mﬂ)oy,ll' per oxi de, 2, 4-

Pent anedi one r 25, P ace ciid,. .and Pot a sulfate 1

50t her - sutd ableopaleRoB ePere TR tIR L b S RGe AL o (1

Per oxi des- |n BRIV BRIV Q@@(té@%&%lﬁéﬁ)x@v&ﬁﬁénesF@foﬁgerhydrOgen peroxi de or
al kyl, aryl, or acy eroxi des in cohbi nation wth Fe2+, Cr2+, V2+, Ti3+,

Co2+, Cu+, or buipeescy)tychbskanieod Sbis@trt-botylpeomp)dxedimeshghexapepper (1 1)

acetyl acet ona i des e an i norgani c
Soreaut ante. arrePEARagR s 2ttt A B S ag - bbb ARYEST
S2032- , 2- mwgﬁmymm)nmiwﬁ@m am;gqm}[-gaplrﬁr@@ypgm such as Fe2+, Ag+ Cu
S205, Fe3+ C103, Hz202; ani ¢c-inorganic redox pairs, such as

oxi dat i on1®f érﬁnaqhwm@ph%gan@é@g -Buig hydpgroxidgBe-B prwmrtgrtvmu ch can

Chi osul 1t o pEaPLLef il BT pBB ber 2R (e RIORNH BbFBUS, BT TR
met hacryl at e, cmbdne(tEIjubmhehadlrbydarf)mdyg@ycls}yeth peromde DFarmgubst r at es

requiring coati ng n, bot ntern nd ext.ernal s s, additi onal
consi der at i on®eiride r%HHP?]eRf“?\B?le %pﬁ dieaien OI&f'oﬂ"%’é‘ gic»i SFceihagithal

initiators Ca@n@@oﬁﬁﬁﬁng‘@ﬁ“ﬁy ®r, the elevated tenperature typically 30
requi red can adversel ffect the substrate material. UV based approaches

must be d&8i gned Stﬁhhertshaablc kmipxsaﬂelpenmmIlmlttammlgﬂlmtddeor(db erial or can
be applied in alu naII for tance.from pti c source threaded
"ht o Che | unoReroeS tagtbinedinnvEh 0By g iort Ay RBR GRS i 1 ot o
which is |abi |o?aﬁctyl %r%ﬁ’é@xpée@&%& RAQbnARHALR QGthipe™, lie2-s WSt ras-e pol yner .
Ceneral ly, |ower wavel ength UV irradiation is |ess absor’bed ‘and ‘penetr at es

nore readily tdedm. ﬁugmralmwetrémﬁgmqn etal ion complexes, e.g., copper (1I)

acetylacetonate and peroxides; zinc chloride and AIBN; (2) inorganic

20  reductants and inorganic oxidants, such as—03;SO0SO0;, HSO3', 8032', 82032'
, 82052' in combination with an inorganic oxidant such as Fe%, Ag+, Cu2+,
Fe**, C10*, H,0s; (3) organic-inorganic redox pairs, such as oxidation of an
alcohol by Ce**, V**, Cr¥*, Mn®*; (4) monomers which can act as a
component of the redox pair, such as thiosulfate plus acrylamide, thiosulfate

25  plus methacrylic acid, and N,N-dimethylaniline plus methyl methacrylate,
and (5) boronalkyl-oxygen systems.

For substrates requiring coating on both internal and external
surfaces, additional considerations are required for initiating polymerization.
Thermal initiators can be used; however, the elevated temperature typically

30  required can adversely affect the substrate material. UV based approaches
must be designed such that they can penetrate through the material or can be
applied intralumenally, for instance from a fiber optic source threaded into
the lumen. This may be achieved by selecting a photoactive initiator which

is labile at a UV wavelength not absorbed by the substrate polymer.
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In contrast, redox chem stries generally do not require a direct |ine of
sight to a light source to initiate polynerization since polynerization is
not 5i ni twetzeth/qebwbol ytically and therefore may be advarcagmsees/o6mi3 coati ng
substrates that have one or nore surfaces that are difficult to expose to
the UV source, such as catheter lunmens. Further, redox polynerization

typi cal |y canGegerdiindowtr wowldngtpENattadadon fsdessavasrpt®andegsetritan 60C, | ess
than 55C, | ess than ,&?0 ' le?ilg thar] 45C | ess than 40C, |less than 35C, or
| ess than 1038re readily fap hishsr aye fﬂﬂT%Bfru c materials can be grafted froma

surface using the : i i n one
enbodi nent, a sol ugfékﬁﬁ%%%?g?ﬁ%lﬁ%&%%@%%& vw&i? iﬁ)r&%ﬁgﬁ%@ gg‘!ﬁote pr epar ed

by di ssol vi ngsighttoadfaho polret ® ingiatghpol phenizagibh amee pellyinetigatiom ianstui t abl e
organi ¢ solvent.,. suc S .tetr drofuran, and diluting the solution with
o Socond ol vntete L AR BB bRl BoF Pl et GOt a1 on i &
preferably betymnaated 8% B onfdR): end?E ShieL@P NGt A_INER It 1088733940 MBSt
preferably 60% One or nore suitable initiator nol ecul es, such as benzoyl

per oxi de or ditdlsarcepsualvdsdatheter dinaeige duttben redoppblymerizeiiniypisallat a

concentration tvpically,from abqut 0.25% 1t 0 about.-10% .Howeyer,
Comcentrat i oneh B aerst 1k RRAPAEC T8 Buftmid e AR B CES oRSEL < bstr ate
can be exposegsk thahl3e°@abyNBI 457CT Jedd Bian 20 1dsO tha@IBGEC Qr 168dlihdnpl € ti mes
until a desired coating thickness and/or initiator surface concentration

has been 48hi 80¥€d. The solvent is typically 25 removed, for exanple by

evaporation, from m%_fgggﬁoeﬁoel%égﬁé @}&iage&mggmg&ﬁgggﬁ & sfhot Ne

solution, in a case where 1 ate 1s expose etrnmes. After
the final exposugeneral pecsdivet dedtigbddsnalhd ewsapldso Isbhe émboditneheast 10 m nut es

to allow any residual so|vent to evaporate, prior to placing in a
pol yneri zat i oﬁ(’lﬂlgﬁ%??%ﬁ“’rﬁgxlt}eﬁ%g °C-f®’1’}|§"_6) Wg’@ég%a’hléesﬁﬁ’%%@gég%w@&n be used
to inbibe hi ghh LORCRRIAEBRSoAfrethA® pellelsliRhQLitdN GredRi/sOfveMN Nt he

substrate or und%rﬁcoatl ng Nayer. Hgh initiator conCentrations result in
hi ghl y deiSel ps ttiahpdtofuaf, ave dilwiigcthe isolptiow edthtalsecondrsobsut, ismch asct i vity of

t he conposition., For .ex e, .highly densely coat syrfac ptain

pol ymer chai nén%%OLﬁe?@g{m_ @FQ‘%@Pxﬁﬁﬁ‘gﬁaﬁO%%ﬂ%{%@gg’ %%Wf‘?%f@/ﬁ’t%ﬁy"’s mal | to
prohi bi t penetn&&&pfazrelalslyf&tweﬂqswks%yh@mdpr@ﬂefabW@o%o@hé BEmbius fouling the
substrate surface. The general procedure described above can be nodified as

necessary Sstitatieindtinterdneleculps. secheastbenzmd pewrislerrardéquimall peroxidet i at or s
systems, and/ Qe a5ddg8 (e %o&%@%gfugilog QPa concentration typically from about

20  0.25% to about 10%. However, concentrations below 0.25% and above 10%
can be used.

Any desired substrate can be exposed to the polymer/initiator
solution once or multiple times until a desired coating thickness and/or
initiator surface concentration has been achieved. The solvent is typically

25  removed, for example by evaporation, from the coated substrate between
each exposure to the solution, in a case where the substrate is exposed
multiple times. After the final exposure, the substrate is allowed to sit for at
least 10 minutes to allow any residual solvent to evaporate, prior to placing
in a polymerization reaction mixture.

30 The process described above can be used to imbibe high
concentrations of the initiator into and/or onto the substrate or undercoating
layer. High initiator concentrations result in highly densely coated surfaces
which improves the non-fouling activity of the composition. For example,

highly densely coated surfaces contain polymer chains having inter-polymer
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C. I mobi | i zati on of Bioaetive Agents on the Substrate In a graft
fromnethod, the active agent will typically be imovbilized on the

non-f oul iwQ 20mwmes96al after the non-fouling material haspogas2@oem1srom t he
surface. 10The active agent can be co-immobilized with the non-fouling
material in a side by side structure. In the graft from nethods, a tether
can be grown thsamilshacsuuffadantbrthdline pasiibiv eerggativn bnfoling moddule t he
tether. Alterpatively, the (i{l'i ve agent can _be inmmobilized directly on the
surface wit holift® f}}?éoa%‘ég@flsg 188 Mas SubgiEAtR 8UTEACE; ve agents can be i mmobilized

covalently or non-?ggaé&pgll Oéghﬁl%ﬁjeg%ﬁr}ﬁggg & SHRLER: edge)sr(;?gcgﬁ%ml&nder coating

| ayer, on the non-foufing materrial, I nations ther I'n"one
enbodi nent, t lreacaomimodatagifitrentssubstradbitaieziel$, natede nydtymendeact i ng one or

nore functlonal grou s on.the active agent with one or nore functional
groups on 1 he™4 @F’F‘gﬂ”ép,osﬁbmﬁ'nder coating |ayer, and/or non-fouling

materi al . -Coval ent chondsmaaihilRAtioA dTBloRYive AhisShyieisubgaald on mechani sis
including, but not limted to, substitution, addition, and condensati on

reactions. |V. Met hindsgreft ftosenEhedndcaciied agedewdl iypisdllabove nay be in the

formof a nedical.,25devige to Lch the -f,oul in terjal,is applied as
L tonti ng. sl TP EEaEdh B8 R G S bR PP RTRE falea b, PP
medi cal or deBéal growatfFommBRtsarfaght hal m ¢ devi ces, wound treatnments

(bandages, sutures, cell scaffolds, bone cenents, particles), appliances,

i mpl ant's, 18caf f ol diThgactsistagentgnbarcerimarcbilizar g thy serreing majeralt s,
catheters, rogs, si'd%k@ﬂ%%tru&g{e[ ‘%ﬁftﬂ(rj{:' Saft i3 hRfhode Y t&%‘l@r ca%%pg%owhum ng,
wiring, electrodes, tontraceptive devices, femnine hygi ene products,
endoscopes, wiwndthd sessdcragd thanattiot Agent dextobézed whillehethenme i nto contact with
ti ssue, especially human tissue. WO 2010/%@59§0PCT/U82 09/ 067013 A

Fi brous and Payeniativelyethpaeiays ageat can be immobilized directly on the surface

without the use of a tether.

15 The active agents can be immobilized covalently or non-covalently
directly on the substrate, on the undercoating layer, on the non-fouling
material, or combinations thereof. In one embodiment, the active agent is
immobilized covalently by reacting one or more functional groups on the
active agent with one or more functional groups on the substrate,

20  undercoating layer, and/or non-fouling material. Covalent bonds can be
formed by a variety of reaction mechanisms including, but not limited to,
substitution, addition, and condensation reactions.

IV.  Methods of Use
The materials described above may be in the form of a medical

25  device to which the non-fouling material is applied as a coating. Suitable
devices include, but are not limited to, surgical, medical or dental
instruments, ophthalmic devices, wound treatments (bandages, sutures, cell
scaffolds, bone cements, particles), appliances, implants, scaffolding,
suturing material, valves, pacemaker, stents, catheters, rods, implants,

30  fracture fixation devices, pumps, tubing, wiring, electrodes, contraceptive
devices, feminine hygiene products, endoscopes, wound dressings and other

devices, which come into contact with tissue, especially human tissue,

43



I n one enbodi nent, the non-fouling nmaterials are coated directly on a
fibrous material, incorporated into a fibrous material or coated indirectly
on a 5fi bwousioms®ni al (e.g. coated on a different surfa&ce/use@abiony3 These
i ncl ude wound dressings, bandages, gauze, tape; pads, sponges, including
woven and non-woven sponges and those designed specifically for dental or
ophthal mc surgeries (See, e.g., U S. Patent Nos. 4,098, 728; 4,211, 227,

4,636, 208; 5, 180, 375; a 6, 711, 879),, .paper. or .polyneric materials used as
sur gi cal 10drapes,Adisp gﬁBP§aB§gﬁé%ggg?ggég?mﬁgndages, f em ni ne products,
sutures, and ot her f bRr QHSIRER! 1R rdn-fouling FARFAY Srd WL @letIRbE a2l SO

useful in cell culture and tissue engi neering devices. Bacterial and fungal

cont ami nat i onfibsua nmggronl, ipeapdretediintoeuitaoyomiterialedricogtadl indircdndn thi s

provi des saf.e and effective way to,.jJdnim ze 150r. eliji nat e, contam nation
bt “the  cul? ur EEr A4 iR eieat T A Bt RARE - ol PEREREE! [ oq cal | <

through the i ReAhdaFfediih@) bMdaded, eatiRMpENRTE, APofeOliBEINGinsFdveh Rgd Mat eri al .

The non-fouling agents are also readily bound to particles, including
nanoparti cl es nomwevepspaniges @l thase dasigped spastivgBy fardengt aeephthal@iar cel | es,

tnopart | o cohommnaparei starlsal el e oo
et Zonave USgioAR 3 90 e PRl Sabhons Lorlunggely oulLur e, as

nment i oned above, very. I'oconpati bl e, polyneric

m cel | es woul @,1808761dndg, DE1e879) deipat o @il yroeriomenedals ubgl achutgladli on of the
i nmune refﬁonse allowng for a nore stealth% delivery of the desired
t herapeut 1®. Brappisisprsadle dapers.farss kandpaaseleminiae provetsndiuiep@iing materi al

can al so be appld &f ik 1e6d{ay. to, or incorporated in, polyneric, netallic,
or ceranic substrates, Y%wtasbl e devices include, but are not limted to

surgi cal, medical d&ibrdesrhaterialeate alseendedyl ibbelbchiltxy grehiadsoe spgipeenpg, t ubi ng,

wi ring, electrodes, .contraceptive devices, fem nine i ene products,
endoscopes. | graTES EREHELoNpBEEARarE g o AR BraTon

cardi overter - dgkdrbsid dedt R tfire HAMRHSPFoVIESENGR SR FREHANWAPRS ARYmMARVI Ces,
ventricul ar assi st devices, heart valves, catheters (including vascular,

urinary, h&ur o eliinorle coptamiinatiredf, the pelbrese mhilo alpwingtseleytiveshunt s, wound

0. O a3l NSl L Bl SRR TR esGiIot T 2chea
proteins into the material.
The non-fouling agents are also readily bound to particles, including
nanoparticles, microparticles, millimeter beads, or formed into micelles, that

20  have uses in a variety of applications including cell culture, as mentioned
above, and drug delivery. Non-fouling, biocompatible, polymeric micelles
would prevent protein denaturation preventing activation of the immune
response allowing for a more stealthy delivery of the desired therapeutic.

B. Implanted and Inserted Materials

25 The non-fouling material can also be applied directly to, or
incorporated in, polymeric, metallic, or ceramic substrates. Suitable devices
include, but are not limited to surgical, medical or dental instruments, blood
oxygenators, pumps, tubing, wiring, electrodes, contraceptive devices,
feminine hygiene products, endoscopes, grafts, stents, pacemakers,

30  implantable cardioverter-defibrillators, cardiac resynchronization therapy
devices, ventricular assist devices, heart valves, catheters (including
vascular, urinary, neurological, peritoneal, interventional, etc.), shunts,
wound drains, dialysis membranes, infusion ports, cochlear implants,

endotracheal tubes, guide wires, fluid collection bags, sensors, wound
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treatnments (dressings, bandages, sutures, cell scaffolds, bone cenents,
particles), ophthal m c devices, orthopedic devices (hip inplants, knee

i mpl ant s,wepbralesdenpl.ant s, screws, plates, rivets, rodspcCirnscewewis ary
nails, bone cenents, artificial tendons, and other prosthetics or fracture
repair 5devices), dental inplants, breast inplants, penile inplants,

maxi | | of aci al trédtiplkaR {dressbasBindagdsipltamet,scell sedfdds, bapptdmages, scaf f ol di ng,
suturing material, need]es, hernia repair nmeshes, tension-free vagi nal tape
and vagi nal sPHgss). ephilalmis deydsrsr athapgdigderisss ( FWﬁW@QQ%@?ces, or ot her
medi cal devic Al J 0 [ERY h Y. portion of
any of these. ﬁﬁ%}%?tg,?s &r é‘LP"yﬂ alftﬁ Ffeg‘:fr']ég%f P%Eé%’l rr%&%g%c%si’ ﬁlélgﬁgglél?ér{y gglgss’ not

si gni fi cant | ybadvwenseatsyardificat tentlbigs, ded othedprpbtiisticsalr fprioperepaies of t he

devi ce i nc) uding, t not limted to, flexibility, durabjlity, kink

oot stanced " atitdessfer@liraiecreosh Bunten S it v RO LohibL i ty,
tensile. strenghhanlaldRess imMHhS vl SHipliSnce§lsCaffdBin@NsutemROdI ment, the
substrate is a vascularly inserted catheter 15such as a peripherally

i nserted cent maleriohhedles, hemmia0Epair owshasalensiendigs veginpldags andowginabr
henodi al ysi s cat heter, venous val ves unctual pluyas. and, intra-ocul ar

devi ces and i %’brfgﬁntt‘?}lé TR BB e Cé’ﬁt%gﬁ% { {ceﬁ,ﬁgogﬁbg}e %??leéﬁvécea vascul arly
i nserted cat hat@rwithin or froédiegt HihabsBdireal partraiefpal yotHehet hane or
CARBOTHANE(r) or 20 formed froma material coated wiith a nedical grade

pol yur et htthe Brefprablycthemontianing atinaberggsloepaptiiignifigngly advrsely s The

non-f oul i ng i I j Nt o i ngs and
filters to pr oyt oehenpRsia BRraREEr e dintcp ity Bhl i iR

25appl i cat i ongo, WReeibdity dursbitdss kinklrbdsthmrepsteyeod rekBtahte)ghersiatimdas mari ne
applications (ship hull coatings), contact .| enses, dental inplants,
coatings for FWCWWQHX§€W§BW§;WB§~ %@?g%bhmégﬁéﬂ&Fﬁéﬁ§?ngdﬁﬁ as nenbranes
for mcrobial suspgns)ofnbiAER, fedhbsRe ﬁra%ga@ampfn%?égrbfaﬁ{e@e@tl onat i on,

cell separation, waste water treatnent, Dbioreactors, an ood processing.
300 her appl i cath asrsperipberatie insheed ceathenthetaf(PICOR centragpaerdawsul at es and

. catheter (CVC) or hemodialysis catheter, venous valves, punctual plugs, and

intra-ocular devices and implants.
In another embodiment, the substrate is a vascularly inserted catheter
formed from a medical grade polyurthethane or CARBOTHANE® or
20  formed from a material coated with a medical grade polyurethane or
polycarbothane.
C. Coatings, Paints, Dips, Sprays
The non-fouling materials can also be added to paints and other
coatings and filters to prevent mildew, bacterial contamination, and in other
25  applications where it is desirable to prevent fouling, such as marine
applications (ship hull coatings), contact lenses, dental implants, coatings for
in vivo sensors, devices for separations, such as membranes for microbial
suspension, biomolecule separation, protein fractionation, cell separation,
waste water treatment, bioreactors, and food processing.
30 Other applications include the treatment of fibers, particulates and
films for applications in textiles, additives, electric/optical appliances,

packaging materials and colorants/inks.
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films for applications in textiles, additives, electric/optical appliances,
packagi ng materials and col orants/inks. Exanples Exanple 1. Gafting

zwi tt eri onocopaleyyser . ont 0 pol yur et hane usi ng benzophenomeT/g2000i0670a% Or
Step 1. Benzophenone Soak. Pol yurethane sanples were placed in a 1L VWR or
Pyrex bottle. To this bottle was added 160 nL of a 10% (w/ v) sol ution of
benzophenone in acetone. After adding a stir bar, the bottle was capped,
covered with alumnumfoil to protect fromlight, and stirred overnight.
The sol ution of benzophenone was decE¥®®81sr om the 10 pol yur et hane pi eces;
150 nL acetone was added, and stirred with the pol yurethane sanples for 30

m nut es, coverned . w i . T S ilter using a

| ar ge Buchner ngr#@%qaﬁid% ﬁlﬂé%{tgﬁr{%l%@gy %%@Lm&g%%&ue‘lse '\%é'r? pl aced into
a gl ass Petri hingbphahonedWiditiatdrst r eam of nitrogen gas, and placed on
alumnumfoil in the dark overnight. 15Step 2. UV Gafting. The bottom of
quartz gl ass tubes were stoppered with rubber septa and secured with
parafilm ¥Peflon taper hadenzpphspede Setlo Rolyetharspsagiplesiuere plised i1 @nsure a

tighter seal wt pef....T enzo - soakedho r et hane
sanpl es were gLag\e@b :Sﬁi)?[%)é%%)ﬁ%é?,ro ﬁélr?g)%%t Eee‘g%so%ag(???ﬁgl %ll;aeﬂ)v\/gg‘k’éﬁopper ed

W th rubber septioand beeophé&tbngin Wectdhep ayfad iaiding Afstiebarpthediontly wie 10% (W v)
SBMA solution in water and all of the quartz reaction tuhes with argon for
35 nin, the nowRbRwek cavre VER aliarinpmndad fepiokgt fiemdighh andaBEESn t ube, and the

ends secur ed iLBAr A TR BUBBLRSNELE: hanard rRf fllat they sett|ed

above the solution. The tubes were placed upright In a reactor and
i rradi at edOwi tpolppethanaygedesy 159 bucstondvaeaddRd, arehawiedgvithhet ubes from t he

et oo e SR SIS e LISES SO YL e Shaker
anal ogous met hgghm%.he fisRd u"s%}g%él%%&%&ﬁﬁ&%ﬁ&@hﬁd ARscAGAH AQPonkdSi NQ

nmononmers such as CBMA instead of Each of the SBMA sanpl es produced on
10 French pol ylireahwies 80e pbded e e ghssBeisialishi driedimith atskreaniodt i ¢

per formance by .exposing them t.o freshl r.vest bovi.ne blood in a flow
| oop for 2 hourpgogintgias,rz%lipg?cggéﬁnea[l]urmngi{le‘ﬁ%gtlg&e@%ﬂhow&and CBMA sanpl es
prepared with this UV nethod showed approximately an 80% reduction in

adsorbed pjsatel ets &@925%@*@*@@%@ THeHdabm' Fdusd) fRsOhbihkagbus. Exanple 2:
Gaft of zwitterionic polymer onto pol yurethane wth undercoating and

Ce(1V) redox puodspeead wish rubber septa and secured with parafilm. Teflon tape was
wrapped across the top of the tube to ensure a tighter seal with the top
stopper. The benzophenone-soaked polyurethane samples were placed in the
tubes, and the top of the tube was stoppered with rubber septa and secured

20  with parafilm. After purging the 10% (w/v) SBMA solution in water and all
of the quartz reaction tubes with argon for 35 min, the monomer solution was
transferred to each reaction tube, and the ends secured with parafilm. Any
bubbles were tapped so that they settled above the solution. The tubes were
placed upright in a UV-reactor and irradiated with spinning for 6 hours. After

25  removing the tubes from the reactor, each polyurethane sample was rinsed
each with hot water and shaken overnight in 1xPBS and stored in plastic
culture tubes in 1xPBS at 4°C. An analogous method may be used to create
carboxybetaine coatings using monomers such as CBMA instead of SBMA.

Each of the SBMA samples produced on 10 French polyurethane

30  rods were assessed for anti-thrombotic performance by exposing them to
freshly harvested bovine blood in a flow loop for 2 hours with radiolabeled
platelets. Both SBMA and CBMA samples prepared with this UV method
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5Synt hesi s of copol yner 50nL of anhydrous nethanol is added into a
250nmL dry flask together with 4nL of |auryl nethacrylate and 4rnL of

2- hydr oxywohlo/msedshacryl ate. After purging w th nitrogercCirars2&ion7019. 3nl of
3- (trimethoxysilyl)propyl nmethacrylate is added to continue the degassing.
The 10pol ynerization is started with the addition of 0.2g of

?zobi SihSObﬁt yE}mwadrdpbmxﬁrﬁdx@bl)anaﬁo%O&iu?ﬁkdgi"nbddﬁgbé? phrabspher e wit hhs'éi rring
or 18h. The reacti.on m xture. is rifie y di al ysis agai nst anhydrous

met hanol (ol & FaéFla]\/bﬁL!j‘hfedB&tﬂ‘B\“fflot ‘WYY for h to get the copol ymer

sol ution (undercoating solution). 15Undercoating coating Pol yur et hane

substrates, [ HaBRICeal of Rl FRANL BALUME ShAYMIE ARGy df ped i nto

0. 5% of sol ution erco a nat anbi ent

condi tion, andniecemtinghndd(ldniredoapolsfierizatiohh. The above di pping and dry
procedure |s repeated 4 times before the sanples are dried at 60C 20 for
18h. Then éhey ar e SHHBHEL\EPHHPBS for 18h before washing with DI water

ang dried by air. GoLGk ARABCHMOANLs RRITROLEBONIry flask  The

under coati ng coated sanples are added into the % of SBMA
agueous sol ut tagether withl4mg/ oflaofy] artioendate eed #mb (f2V)ydsantyietitye 25 and pur ged
with nitrogen far 15mn _Then .the.reaction.i erformed at 45C for 2h under
stirring.  ThomsHighdde eniinene it it RiehSltRIPRS T o remove. the
adsor bed nomopghiiRysiBpkbiBhedldiey Lo eal ala smiae Biidlldsi B3%hof T educed
fibrinogen adsorption. "~ Exanple 3: '‘Gaft of zwitterionic polyner onto

pol yur et hh®e whlymedization/is sipeedxidighEaddition off U2pabazebistsabutypwiityiteer i zat i on

Di | i i-hi 10, Fr. | t . ked in 10%
ol ut Lon'of el Sy R0 hiadraRaf R S A0 iteth o TR 98K 0n, e ug ¢ 1
air flow and kepfurd R patified By dibBfis dgadeKadetowe hictidinbbnolecular 10. 5% of SBMVA

aqueous sol ution _and di chrI%I per oxi de treated polyurethane rods are put
into a flask weight falgHe:PQV) de1 It to gehéhergopplypigr gedygtion (undercoating

solution).
16 Undercoating coating
Polyurethane substrates, for example of 10 French polyurethane rods,
are dipped into 0.5% of solution of undercoating in methanol for 3 min at
ambient condition, and taken out and dried at 60°C for 1h. The above dipping
and dry procedure is repeated 4 times before the samples are dried at 60°C
20  for 18h. Then they are washed with 1xPBS for 18h before washing with DI
water and dried by air.
Ce(IV) mediated graft polymerization
The undercoating coated samples are added into the flask with 10%
of SBMA aqueous solution with Img/mL of ammonium cerium (1V) sulfate
25  and purged with nitrogen for 15min. Then the reaction is performed at 45°C
for 2h under stirring. The samples are taken out and washed with PBS to
remove the adsorbed homopolymer. By ELISA, the treated samples exhibit
83% of reduced fibrinogen adsorption.
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10 with argon for 10m n before the addition of 100mM of Fe(ll) gl uconate
solution. The final solution of SBVMA and Fe(ll) gluconate are 10%wW/vv-t)
and 5mM rwepemidicswhy. The purging with argon is conti nuedtfuseornetoner 20
mns. Then the reaction is run at 60C for five hours. Then the sanples are
taken out and washed in 1xPBS overnight. By ELISA, the treated sanples 15

exhi bit as hi gixansple 0% Gehftiofdwireetidiib polyagewndsipolyptéthine with |1 n order to
eval uate the ngn-fouling activity of substrates having |unmen, 14 French
pol yur et hane dBeiP¥! RerpRiderle(lhglcopats redos RIYBEEBR Mg to exanpl e 3. The

treated sanpl es exhphji, ~MiaDap 0% reduced fibrinogen adsorption using
t he assay descri betfm ’6 y@fe ] marrpl e 4. Protein Adsorption and Biofilm

Formati on of Redox ldridtendit 1&&3}\%@@@1@&@@5 E’@Isysalkeeltlhdﬁ% Rdxdmn&xfdmmyl
col oni zati gn assay, Redox SBNA ared in
ot R A Sl T e S AR o A M C AN

Bovi ne Serumflcglh 18 hours. Sanples were then i ncubated with S. aureus ATCC
25923 for 24 hrs with a starting planktonic concentration of 1-3x105 CFU niL
inl 9%TSB with agitatfedax aply@prigutionft er 24 hrs, accunul ated bi ofilm on

ROty T N R TR M

concentrati onqmay‘ruréth@le%dsQfep@Sﬁﬂda\ﬂ@ﬁl@wmmégﬁétﬂﬁstﬁOarﬂnﬁwﬁngwt there are
not toxic |eachabl e cgognpounds that nmay cre assay artifacts. After

i ncubat i nd Ot hevigh ages fgrdOnyin bpforg ﬂ’@@ﬁélttlloé ﬁf é@OIBM Fegld) @ﬁp@@t%r e count ed

and the nunber i a(r(]ml
det er mi ned. Eac tm% ?ﬁéﬁ%ﬁngbl\%\%gﬁgf"s ormadcP ﬁ??luﬁﬁﬁ%g € usli Vﬁ?)ur sanpl es
of each mat eriak. SmM respeREd’edi;t ithe pm@gmg)mmmkgonRedmmrﬁ%mmieeso

denonstrated an, a of 96 | og 7 1 og, .p<0.001) reduction in
col oni zat i on (%m&@e rW‘@ @Bﬂmab@nafg%f? hayrsy 180@?%?&%11’&5 ¢ 34 |og (SD

0.22 | og, p<O0. z%&o&%&%gmlmxﬁéi-ovgeggg.%lr?yéu tthe%&[t gs Activity of

Car boxybet ai ne-coated rods In Vivo Th si's Mbdél exte d in vivo
per f or mandé® ofexbibitmdegh M%mﬁma&dﬁbﬂ@gmd&sﬁmﬁm ons prepared as

doscr bt |0 EXTpl G oS8 TPl . i P SRS ot
lumen, 14 French polyurethane double d lumen tubes were coated according
to example 3. The treated samples exhibit as high as 90% reduced fibrinogen
adsorption using the assay described above.
20 Example4. Protein Adsorption and Biofilm Formation of Redox and
UV SBMA-coated Polyurethane Rods
24 hour colonization assay
Redox SBMA prepared in example 3, UV SBMA prepared in
example 1, and control Carbothane rods were incubated with 50% Fetal
25  Bovine Serum for 18 hours. Samples were then incubated with S. aureus
ATCC 25923 for 24 hrs with a starting planktonic concentration of 1-3x105
CFU/mL in 1%TSB with agitation at 37 °C. After 24 hrs, accumulated
biofilm on materials was removed by sonication, and the total number of
bacterial cells quantified through dilution plating. Further planktonic
30  concentrations at the end of assay were monitored to ensure that there are not
toxic leachable compounds that may create assay artifacts. After incubating
the plates for 24 hr incubation at 37 °C, colonies were counted and the

number of viable cells that were present on each sample was determined.
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test articles consisting of 4 Fr. X 15 cm Tecoflex(r) rods treated with CB
nodi fication or unnodified were inserted into the cephalic veins of the two
year ol d wel2e108ufde0l K sheep. After 7 days, the sheep wererarse@bhetoized, 15
peri pheral bl ood sanples were drawn, and the cephalic veins were |igated
and excised, leaving the inplanted article in the vein during the renoval

process. The gedhexpasmeheRacpdrfoasedin yipitate asingfolrlsympleenédachi t hout
di sturbing thronmbus on the inplanted rods. The total thronbus nmass on the
coated and unB@¥¥8H articles was assessed. Each animal received one coated

20 and uncoat ed d%%ﬁﬁvé%%‘i’n%[ ‘?«IedEQFSBMAEErIlBIeQdéIH e\’i%'a%@;'a%éty- A 12%

reduction in thronbus wel wds seen relative to | ex controls placed
in the opposi tel 9éﬂq§(8ﬁ06%®§@ﬁ909m n&éﬂlcmo(aseeolﬁngumm r4dpdnd biVs r educti on

I I Ily. Th d -adh
Coat i ng. tc pr SUBHY SEHRBTHARS & ABRRaC ar ATELRG SAOTE R PRP For such coati ngs

25to retai n agddvidy(nbos) extended periods of tinme. Exanple 6. Zwitterionic
honopol ymer on pol yuret hane with di cunyl peroxide redox polynerization
Tecof | ex SG 9BAampl&y) Vadi-thiremblotie dhdtavity of Kiaxbexy bettinerhgatedredsan wit h

vigorous stirring. ,T cool ed to roomtenperature and 30
diluted with net ha I}e"O%IZ'éO'IqI?féI I&ag%‘fluti on concentrations were 1% Tecof | ex

SG 93A, 40% Tetrahﬂﬂé@it@ﬁ@é&m@% R IRIRINV bideg eaiboxpestané de (2. 5g) was
added to an aliquot of this gmsr solution (25g) and the m xture was

stirred uh@i| madifiegtionsirepnr esg@bwp&éampéesbr\\a%éemonstrated in &dr bot hane

extrusions ( 1%%8&]}%@ ic Qr&ﬁ %b%ﬂ%ﬁf)lqupé}a?eﬂ ec‘éﬁéfro(%fsqg%fbn gy’[ i mes.

i nitiator-pol yner so

Bet ween each daspambleecsmgzmgtofwas- Xlllsamemectodleg@apdméeeecbfvfthm the substrate
for I mnute. After the final , all of the sanples were allowed to rest
at 5 roomte Qﬁ‘i‘l@nPme”So‘IIgﬁﬁi é’Veff‘omP‘?é‘F?S\}%toéI%‘i/c ahigveips PG EMe . After

sol vent - evapoi,ahicpiima Suffk WRspCWlndh rom e achIROS el dansaiml es and the

sanpl es were en cut In he 5.0 sanpl es were placed into 40 mL
anber gl ass wpahpheraM’ul@m sampebesswb dohwii, hhd theptphaliSeparsatae Sgdted i ons of SBMVA

(91.2 g in 432 oL of |on| 10, and Fe. (L1 ucona (1.02g in 12
nmL of dei oni zé‘ﬂd\‘/\?é‘f%etd) a&%@ﬁﬁ%’f@ﬁew%mw&% GO ough each
sol ution for %%d&@uﬁﬁzsve\m{vﬁsﬁl%h'&ﬁﬂd?;ﬁlaliy‘%ki'c@retﬁhlgﬁ Spehied Witheis Wer e being
deoxygenated, the anb | ass vials containin cm extrusions were flushed

with argon fodig@binigrd us SR weptlantedreds 36ht§otwlahroadmemqs@0@ﬁ@h f I ask by
syrt e ol oved Syl L S SRR A I B
reacti on 28s ahl aneshtddadesdattd Bordl @or Admblaykaindivhgatsiskiampoat 680 RPM
reduction in thrombus weight was seen relative to Tecoflex controls placed
in the opposite veins of the same animals (see Figure 1) and this reduction
was clearly seen visually. These data show the ability of a non-adherent
coating to prevent thrombosis formation and the potential for such coatings
25  to retain activity for extended periods of time.
Example 6. Zwitterionic homopolymer on polyurethane with dicumyl
peroxide redox polymerization
Tecoflex SG-93A (2.5g) was dissolved in refluxing tetrahydrofuran
with vigorous stirring. The solution was cooled to room temperature and
30  diluted with methanol. The final solution concentrations were 1% Tecoflex
SG-93A, 40% Tetrahydrofuran, and 60% methanol. Dicumy! peroxide (2.5g)
was added to an aliquot of this polymer solution (25g) and the mixture was

stirred until all of the dicumyl peroxide dissolved.
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After the reaction, all sanples were renoved fromthe reaction vials,
rinsed three tines with 1X phosphate buffered saline (PBS). The rinsed 20
sanpl es weoeososkwsd for 2 days in 1X PBS prior to assayiPog/ussema®cmis adi o
| abel ed fibrinogen assay. W claim 1. A conposition conprising a
substrate, optionally conprising an undercoating |ayer inmobilized on the
substrate, having Cﬁﬂmﬂ&mbbyﬁhﬂuﬁdlubakheiHmb&hgamﬁﬁmﬁDbhemumﬂ@imoating

| ayer a non-foulin rlc terial, wherein th? olyneric material is

grafted from W Vil R Do P AR SIS OB Ty 3 % by Bimes. 2. A
conposi tion caER{deRieAL, &p sm@%&rv@ﬁ@wasqa@fowa% bV ggwpyf%gm RBstkpgler coating

| ayer immobilized on the subst rate, havi ng coval ent ound to the
substrate or fdrd miuds. a}‘dmrltlwgﬁrhaéyiez al ofithe- sfimplasrv@r@aillwmﬁoa'es?mt erial,

wherein th densi of lin ri aI rom about 0. 50
'l oo 1 cb angtin it TorS Raus de iF3nB Sl Fere bt Ab& HhGR cance

decr eases -t he cpgioedtioat ngénpfvai &ﬁ'ﬂdﬁgeéﬂhl&@%ﬁﬁ: §aﬁ1tp%stah@ tlﬁwslanfiﬂléé' i ng
polymeric material. The conposition of claim1 wherein the

substrate is wr@&l@@duﬁln@ﬁiftﬁl@ 4P supsanwhesi were m@cgd inted@ L ambat eri al s,
ceram cs, pol mat erl non-woven materials, silicon, and
conbi nati ons é!%% 218 S\AQV& ﬂwerégeal%Witc8%%3| tion of claim a3, V\/nerel n the

metal lic materi al lsapa&ede%@mdnsf HOSBRARE(99 20K 430N81. DY dBigniEd Wiateii um and
all oys thereof, stainless steel, tantalum_ palladium zirconium niobium

mol ybdenut® niradkEe Uéh@&ﬁ"@nat‘ébbgig ing}2 rgf-|ob glgiopized Bigter) WPE conbi nat i ons

t her eof . aatel I r Lhe cis

sel ected from F%‘@gﬁ‘}%gdpggons@? & nq O%)%lﬂggah 801%@}?0 t(rglslex'%ﬁ]{lndes of the
transition netéfingl Eﬂﬁhtthesersolmabad Wmedae&igeieemjz@nated the amBer dhw conposition
of claim 3, whereln t.he yner is sele t d frFmthe g oup consisting of

pol ystyrene anflseBeanpg 8’611 %W@P%PGW %WV dreorHah g@m‘ﬁfﬂ yacryl at es
and pol ymet hacryl atS%dA%@idl%ﬁr(%lﬂm Qﬁs’sa&l@@ tcp&zlc)irﬂ%lb@? E%Ju?%@fgﬁéwe(pm yesters,
pol ysi | oxanes, polyethers, poly(orthoester), po car bon

pol y( hydr d)&yalbkaddmpapg Ee@Blelﬁbmtmartimr(éml)nﬁay;mgef’lﬂmmals merecones epoxy

resins, pol ya op ere n es henollc
resins, PTFE, rﬂﬁ%ﬁ%?%g W%ﬁe&a g‘?%?‘fﬁ%lg%edﬁg‘:g?ﬁ)”é? a@ﬂaf gg%l ant s,

pol yol efins, pRehtnsiél fbOPERourh VI8 GhakiRNttgs0IRPM POl ysacchari des, and

conbi nati ons t hereof. 7. The corrp05| tion of claim®6, V\,her ein the
pol ymer is pol yur etiméheyeactionopl samplenwers-romered fomyhe eplzonevialso

2010/ 065960P 9 c n im1l or 2,
wherein the su ny%?%?ee/tgggsg%% 1XIp(:}ilooph%‘tei mre&ggﬁ)%tﬁ%@ *ﬁ@ n@%%poa tion of
any one oR0cl akmipled wlre Wakécefd’ﬂ 2tdags ﬁurX 2BS wior thsssaylhg usiag @ redigpri ses an
undercoating layer to forma surface having a uniform chem cal conposition.
10. The conpodiielIsinogenpssy wherein the under coati ng layer is a

pol yur et hane. 11. The conposition of any one of clains 1-10, wherein
the substrate is a peroxide treated substrate.
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12. The anti m crobial polyneric conposition of any one of clains 1-11,

wherein the substrate i

s substantially thiol free. 13. The

conposi t iwo 20fo/@me00f cl ai ms 1-12, wherei n the non-f oul iPOg/UseéogmeTils
material is a zwitterionic polyner. 14. The conposition of claim13,

wherein the zwitterioni

c polynmer is a honopol yner or copol yner conpri sing

one nore nmonoMasdaikavi ng the following formula: -F-Bl ZI wherein B is
sel ected fromthe groupAc&ngicsitioAGon i’isingasubstrate,\l}Fﬁdiﬁil@ cBripsisimgl ect ed from
yi,

t he group consi sting of

hydrogen, substituted alk or unsubstituted

al kyl ; g prdeseqatipg dyer pmpbilecdpihgs sebiteics havipe eovalemsiythiored ed al kyl |
unsubsti tuted = o - ﬁf_g) Y; ﬁ;ﬁﬁ ic IndtSiiAn 1 nteger
fromO0-12; toatlhg\éﬁl?sgag:bogefgn% Xlgep(i)ogu%g 131?/ fgraﬁ”é or&%&% C e(ﬁ\ﬁé%t% T gr oupg

optional | y i nehugime pobnoaricmateriaiy gefiedtromswitllin thssubstrae ot @rei oni ¢ gr oup;

and x is an integer fr
ZI is sel ect e 4LEHANA

2.

r?eS to 1000. 15. The conposition of claim 14, wherein
.

A composition comprising a substrate, optionally comprising

an undercoating layer immobilized on the substrate, having covalently bound

to the substrate or the undercoating layer a non-fouling polymeric material,

wherein the density of the non-fouling polymer material is from about 0.50

pg/em® to about 5 mg/em” or wherein the inter-polymer chain distance

decreases the penetration of fouling molecules into the non-fouling

polymeric material.

3.

The composition of claim 1 or 2, wherein the substrate is

selected from the group consisting of metallic materials, ceramics, polymers,

woven materials, non-woven materials, silicon, and combinations thereof.

4.

The composition of claim 3, wherein the metallic material is

selected from the group consisting of titanium and alloys thereof, stainless

steel, tantalum, palladium, zirconium, niobium, molybdenum, nickel-chrome,

cobalt or alloys thereof, and combinations thereof.

5.

The composition of claim 3, wherein the ceramic is selected

from the group consisting of oxides, carbides, or nitrides of the transition

metal elements or metalloid elements.

6.

The composition of claim 3, wherein the polymer is selected

from the group consisting of polystyrene and substituted polystyrenes,

poly(urethane)s, polyacrylates and polymethacrylates, polyacrylamides and

polymethacrylamides, polyesters, polysiloxanes, polyethers, poly(orthoester),

poly(carbonates), poly(hydroxyalkanoate)s, polyfluorocarbons, PEEK,

Teflon, silicones, epoxy resins, polyamides and copolymers thereof, nylon,

polyalkenes, phenolic resins, PTFE, natural and synthetic elastomers,

adhesives and sealants, polyolefins, polysulfones, polyacrylonitrile,

polysaccharides, and combinations thereof.

7.

The composition of claim 6, wherein the polymer is

polyurethane or a polycarbonate-based polyurethane.
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group consisting of: R3 9 S(R5),"-s03 , andN(R5)"-- 0 - PCs | (r) R4
wherein R3 and R4 are independently selected fromthe group consisting of

hydr ogen wodosulssdent ut ed or unsubstituted al kyl ; PCTRB2009/06®liECt ed
fromthe group consisting of substituted or unsubstituted al kyl, phenyl,
and pol yether groups; and Mis an integer from1-7. 16. The

conposi tion of claBm 14The cdbpositi@r €f dlaim 1 er 2, rvaarah ohi subbtrdteisateout 500,
from about 20 to about 250, or from about 30 to about 100. 17. The
conposi tion oB°I%igAsE5, wherein the zwitterionic polymer is a homopol yner
of sul f obetai ne mephact yhaksmb S Pl b LPDRHAL N8 kL At de. 18.
The conposition of claimlb, erein the zwitterionic polyner is a

copol yner conpuifaind thedubsibr¢e admprisesrhandeyrberting (SBMA) foom asukfhobet ai ne

acryl am de. M\O.ZOIO/ 659610PCT/ US2009/.067013
aving a uniform chemical composition.

10. - The composition of claim 9, wherein the undercoating layer is
a polyurethane.
11. The composition of any one of claims 1-10, wherein the

substrate is a peroxide treated substrate.
12. The antimicrobial polymeric composition of any one of

claims 1-11, wherein the substrate is substantially thiol free.

13. The composition of any of claims 1-12, wherein the non-
fouling polymeric material is a zwitterionic polymer.

14.  The composition of claim 13, wherein the zwitterionic
polymer is a homopolymer or copolymer comprising one more monomers

having the following formula:
fot
| X
T

Zl

wherein B is selected from the group consisting of:

R 0O
T | i
——2{2——0* HZCiCj /
% \_/ E

—m

wherein R is selected from the group consisting of hydrogen,

substituted alkyl, or unsubstituted alkyl;

E is selected from the group consisting of substituted alkyl,
unsubstituted alkyl,
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19. The conposition of claim 13, wherein the zwitterionic polynmer has the
follow ng structure: B2 LL Il P2 wherein Bl and B2 are independently
sel ect ed woamodsde0- C-C R is selected from hydrogen amdTaisbevioswied or
=substituted alkyl; E is selected fromsubstituted or =substituted
al kyl ene, - (CH2)pC(0)0-, and -(CH2)pC(0)NR2-, wherein p is an integer from
0 to 12, R2 igCib),eOrd, bridAidHA@@NRand substituted or unsubstituted
al kyl ; L is a straight or branched al k-yl ene group optionally
i ncludi ng one or nurie apxgeder@odi®,12P1 is a positively charged group; P2 is
a negatively charged group; mis an integer from3 to 1000; and

L is absent or is a straight or branched alkyl group optionally

including one or more oxygen atoms;
-Z1 is a zwitterionic group; and
X is an integer from 3 to 1000.

15. The composition of claim 14, wherein Z1 is selected from the

group consisting of:

Ra Ry
I f e\
&NW(Rs)m-COO LN—(R%,;—COO —————rlq————-(R5)m- S0,
| - N\L_/° |
4 R4
—— R3
SN | -
<\ / r‘é;--—(R )™ SO3 and "“‘“T-é-(Rs)m—O—POa
R4

wherein R3 and Ry are independently selected from the group

consisting of hydrogen and substituted or unsubstituted alkyl,

Rs is selected from the group consisting of substituted or

unsubstituted alkyl, phenyl, and polyether groups; and
M is an integer from 1-7.

16.  The composition of claim 14 or 15, wherein x is from about

10 to about 500, from about 20 to about 250, or from about 30 to about 100.

17.  The composition of claim 15, wherein the zwitterionic
polymer is a homopolymer of sulfobetaine methacrylate (SBMA) or
sulfobetaine acrylamide.

18.  The composition of claim 15, wherein the zwitterionic
polymer is a copolymer comprising sulfobetaine methacrylate (SBMA) or

sulfobetaine acrylamide.
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nis an integer from3 to 1000. WD 2010/065960 _ _PCT/ US2009/ 067013 20. The
conposition of claim 13, wherein the polyner conprises one or nore nononers
sel ect ed woamwdssvegr oup consi sting of: Ni L2 R 1- PCTNS2009/067013

19.  The composition of claim 13, wherein the zwitterionic

polymer has the following structure:

wherein

B; and B; are independently selected from

Hy 1
__Ca_c';.___
R
Hy | 2
& E
| R I , and I ,

R is selected from hydrogen and substituted or unsubstituted alkyl;

E is selected from substituted or unsubstituted alkylene, -
(CH»),C(0)0O-, and —(CHz)pC(O)NRZ-, wherein p is an integer from 0 to 12,

R? is selected from hydrogen and substituted or unsubstituted alkyl;

L is a straight or branched alkylene group optionally including one or
more oxgen atoims;

P is a positively charged group;

P, is a negatively charged group;

m is an integer from 3 to 1000; and

n is an integer from 3 to 1000.
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N1 N1 wherein L2 NI Ris selected fromand substituted or
unubstituted al kyl; L1 L2, and L3 are independently a straight or

br anched wblkyloawsdsgr oup optional ly including one or nor @CoRsg@a/o6tidss; and
nis an integer from3 to 1000; and Ni is a negatively charged group.

21. The conposition of claim19 or 20, wherein the negatively charged group
is selected fromtIize. grae compssitibn bfclaim CHrviexsih aieep@yDPcompre3-, - 0S03-,

-P03-, and-O0PO03-. 22. The conposition of claim 19, wherein the
posi tively ch&PgeEMGFOBeIPEery Sala%t?%?rﬁnk@a ZHAWPOYEHINE O at i oni ¢ phosphor ous
cont ai ni ng group. 23. The conposition of any one of cIa|n119 or 20,
wherein x, m and n are erom about 10 to ut 5 from 2pto about
250, or fromabout 30 to aboEt 100.
s
N
n
| L /N\ <
2 11 K ?2 I\ \
N
A% N1 1 1-2
wherein r|\11

R is selected from and substituted or unubstituted alkyl;

L L2, and L; are independently a straight or branched alkylene group
optionally including one or more oxygen atoms; and

n is an integer from 3 to 1000; and

N1 is a negatively charged group.

21.  The composition of claim 19 or 20, wherein the negatively
charged group is selected from the group consisting of carboxylate group, -
SO57, -OS05", -PO3’, and-OPO;5'".

22, The composition of claim 19, wherein the positively charged
group is a quaternized nitrogen or cationic phosphorous containing group.

23. The composition of any one of claim 19 or 20, wherein x, m,
and n are from about 10 to about 500, from about 20 to about 250, or from
about 30 to about 100.

24.  The composition of claim 1 or 2, wherein the non-fouling
material is a non-zwitterionic polymer selected from the group consisting of
polyethers, polysaccharides, polyvinylpyrrolidone, hydroxyethyl-
methacrylate, acrylanitrile-acrylamide copolymers, heparin, mixed charge
polymers, and polymers containing hydrogen bond accepting groups.

25.  The composition of any one of claims 1-24, wherein the
polymeric material is formed by UV-initiated free radical polymerization.

26.  The composition of any one of claims 1-24, wherein the
polymeric material is formed by redox-initiated free radical polymerization.

27.  The composition of claim 26, wherein the non-fouling
material is polymerized by radicals present in the substrate and/or

undercoating layer.
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24. The conposition of claim1 or 2, wherein the non-fouling material is a
non-zw tterionic polyner selected fromthe group consisting of polyethers,
pol ysacchaoizasmesgol yvi nyl pyrrol i done, hydroxyet hyl net hacmyisate/067013
acrylanitrile-acryl am de copol ymers, heparin, mxed charge polyners, and

pol ymers cont ai ni ng hydrogen bond accepting groups. 25. The
conposi tion of any28ne @he composstidn @&;laiwhdy, etherdihthepadiyae ntedormdéderi al i s
formed by UV-initiated free radical Ip(}){i mer,i zat i on 26. The

conposi tion of O YRS PEF CUPBIIHRE 2 Pelpxidirad aietthgltpol yeric naterial s
formed by redox-inbbiat gde boBFodiAcH 6Rl1aiRPEe et HeProxide is imbibéd The
conposi tion of claim26, wherein the non-fouling nmaterial is polynerized by
radi cal s presantheisnbstiate. substrate and/ or undercoating |ayer. WO

2010/ 065960PCT/ US2QQ9/ 067013 i . onposi tion.of. clai m 26,
wherein the radi ca?g' ar Sﬁ? 8?’??8%5‘??%%26331%%%@1‘3%‘? ated%?’b‘?"ﬁl@? §§9 W oxi de and
a metal salt. peroxide and %he rh&x@l ﬁ@t@?é@lg)i%()ﬁﬁteﬁ aim 28, wherein the peroxide
is inmbibed in the substrate. 0. The conposition of claim 28,

wherein the peroxi d& i s Tip eompositer obanyeong o clalas hetatvhergintthe sorFe (| 1)
gl uconat e.

. T S|t of _any, on f..clains 1-30, wherein
the non-fouli r%mpr)%ﬁ%%rf%}% rﬁ%{g@éﬂilg%ﬁ(lfl{étheeﬁe - Oé{l%%uﬁ)é’ﬁatfe go Cfli‘lélaslffbl rate to form
a brush struckticure. 32. The conposition of claiml or 2, wherein the

non-fouling polyneric material i,s grafted fromthe substrate or
under coat i ng | ayer 3¢hr odgh campesitiey of claim 1 or Zavhergia theowgivoulingn of claim 1

or 2, wherein - I rd i : ate, the
under coat i ng ng}glre?igglggt%%€%§§?%ﬁgﬁtthg?%ﬁgﬁgzhfl%%@#?@g;t her eon one or
nore bi oacti véraggnd gther. 34. The conposition of claim 33, wherein the

one or nore bioactiye agents are.i i.lized covalently or non-covalently
on the non-fouli ngﬁ‘at eaﬁaﬁlc?mgﬁ%‘.é?‘? %{Q?‘llhﬁa’é?c%%ﬁr?lﬁéﬁq %‘?}bf'wg% combi nati ons
t her eof . _ poly%ric%eﬁzﬂ,@@%ﬁﬁs‘trﬁﬁ, ok lﬁihé}‘c&tﬁ% l%er?&zcoma%'oﬂs the one or
nore bioactive agents are 1mobilized to the non-Touling material, the

substrate, untereddns mgmbbyieed thereop onbonarobisadtiveragadts.t hr ough a t et her.
36. The conposition,of one of clai.ns 1;3 wherein the conposition
reduces fouling byaér ea@% CPWERSI{\%%‘&/(?F@%% J%dg%er%g&qe%%r%% 80% 85%
90% 95% or 9Whtied dRhtsHrOMmABEbIliRePORARNAY 6r ROH-t&F RISl Ren&PBS) , nedi a,
serum or in vivo at 37C for a period of at least 1, 7, 14, 30, 90, 365, or

1000 days compeilbg maerit codsetiesugsicpating layer, or conghinatiphe thesrfosi ti on of any
one of clains 1- 36,35"‘*‘%%%!%0&%@8&5’89@%& Mot 4 RURAESE H%a(;[n'e%lr 0 38.
, e conpos

The conposition of "¢Claim erern itron 1I's subs aﬁ?ially
non- henol yt i ¢ bivadti sudyehanre ahhybiliotd ©thehextauling material 38e sulikgaeonposi ti on

of any one of uﬁ!igi:c?ginglgyse’r, (m%l iinrgltiE)Qse th(f::r%o %i(i)&gi;hoanteihser.am ' mcrobial.

36.  The composition of any one of claims 1-35, wherein the
composition reduces fouling by greater than 50%, 55%, 60%, 65%, 70%,
75%., 80%, 85%, 90%, 95%, or 99%, after storage in phosphate buffered
saline (PBS), media, serum, or in vivo at 37°C for a period of at least 1, 7, 14,
30, 90, 365, or 1000 days compared to uncoated substrate.

37.  The composition of any one of claims 1-36, wherein the
composition is biocompatible.

38.  The composition of claim 37, wherein the composition is
substantially non-hemolytic and substantially non-cytotoxic.

39.  The composition of any one of claims 1-38, wherein the
composition is antimicrobial.

40.  The composition of any one of claims 1-39, wherein the

composition is anti-thrombogenic.
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40. The conposition of any one of clainms 1-39, wherein the conposition is
anti -t hronbogenic. WO 2010/ 065960PCT/ US2009/ 067013 41. The

conposi t iwo 20fo/mmpsoone of clains 1-40, wherein the conp@esirttiseononetoas ns at

| east 25% 30% 35% 40% 45% 50% 55% 60% 70% 75% 80% 85% 90% 95%
or 99% of its original material properties such as surface contact angle,
non-foul i ng, anti - #hr onfhbgempositdnrdéfoanyant iofitiaimdl 4D, whéremithy | n PBS,

medi a, serum or in.vivo.for a ti Of, Yoo s it c80nd0, 362, 0r 1000 days.
42. The corrpo%‘?rfli’?ft’f‘“_lﬂ‘reg‘r’ﬁ/g %A@Sb#g%35%/&‘],351%419%\%%»@%»%@,g osition i>s/
in the form ofog, merl gdosde3h 0%, 95%, or 99 ofqﬂeorfg%mﬁﬁ'téria@gfogartféls ai m 42,

wherein the nedical device is selected fromthe group con ting of fibers;
surgi cal , nmedpeshlasonrfersraoatact angle, moeriowingh higothrompoemat, end/or vent i | at or s,

punps, drug del.ivery.devi.ces, ing,. wWring, .el.ectrodes traceptive
devi ces, feni ﬁl?tﬁglch%&éggﬁ{éwg}'r ‘6‘0‘;&&&'&&%‘8’03&2 vigg %’frtagl,més?fgﬁ? s,ﬁg’st ent
grafts, pacema§ers 365, @l1800 aglse cardi overterdefibrillators, cardiac
resynchroni zation therapy devices, cardiovascular device |eads, ventricul ar
assi st devi ces and4éri V%Pﬁ@!ipoﬂh‘éﬁa‘r(PfWHIW@,fCl?éhfaléév‘ahWﬂmb??s,

endovascul ar L), Seies r ectors and val ves, intravenous
delivery Ii neg%hggltﬁ%ﬁlfslf?ﬁhgsf,gng%ﬁ%pge?%\@\ggﬁggdrai ns, dialysis nmenbranes,

i nfusion ports, codBl ealhe ophmptditon efdaibt 4X; Rarteih Heateditdl detie@it ony t ubes,
ventilator br e%t hi ? tu‘ges and circuits, guide wires, fluid collection
bags, drug def§ %?fs) Tamgae gruPCaBTiHS of ibemn fuBical. sedical o degiht hal ni ¢
devices, orth i i i t riv%ﬂﬁﬂi i nts, breast
i npl ant s, pen?ﬁgg?%%ﬁg%}g(?&%%ﬁ?ﬁg?f g%rli{g%t I h% rgﬁsféi coslrr\r/glb’idggf&%% ants,

val ves, appl i ates wisoafdakdidesy cormueptiveglent e feralninegatine produetsni a repai r
meshes, tension:free vagjnal tape and. vaginal slings, prosthetic

neur ol ogi cal SRIASEAREs, @?@%&1&“%818%%‘%%8 cegrakets; 1n]l%E‘F‘?ﬁF§ar&é\YF€%r§, or ot her
medi cal devi casfibfafordd dabdife REyddhrGRMRE thathiyhddvit@s Radhovascular 44, The
conposition of claim43, wherein the device contains |unens, cavities,
porous st ruct dedse leads, yontbicwlar assistdevieasapd drivelines, he4s valfes, veoamposi ti on of

cl aim 44, wherei he device.ls vascul arly jnserted catheter selected
fromthe gr ouﬁg‘ﬁagf;lll elr%’tePﬁ%vaS?ulg CSZlP ] %%greeﬁ’lcﬁ%leké 8?%8”&%%" V<€at het er
(PICQO), centr aliravennissieli ddrh ¢ines arldMAnifolas) dhiiesoeiunl isdiss, aaiyief er 46.
The conposition of any one of clains 1-45, wherein the tensile strength,
modul us, devi EEMIARSESINEION ROTtscenehleanMRIags.tondeteashealitbesni t hi n 20%  10%

conbinat i ons VAGEaPTBr o ARk PR e iR At TRRSVIRS A o o

maki ng the corplbziivh bagniinaniclioas ks erdiubiglimplontalblepenssisng grafting from
w t hin, and/or H}om.t He .surface qf,, the sybstrate, undercoating |ayer or

both a non-f oGPPHAINEAGYESS erthenedis devices, dental jmplaniseperadeBd! of cl aj m 47,

wherein the ngppfholl bRgs:RA MHE[%%&I%%@%%‘, maRilGFRL ﬁﬂplfa@g,ﬂ(}?g{nfﬁﬁw and/ or

fromthe surface of the substrate, undercoating |ayer usi ng one or
nore free radimplanisnvdliest appdiances, scaffdRlingl heturieg hmtkrof, nebdesnhdBja wherei n t he

one or nore initiatoﬁi&% IS an ﬁltraviglet &g\/% .ir]ihiator. . 50. The
met hod of cl al HAGCRAS IR Rgtab [aPRapd vaginglishipsy Brostheticr edox i niti at or
pair. SheurbidMBHEAELsOfissGb AdgBhARSH 0211 cMiBF&ieRicki®ranRrOr nmore free

radical initiators are inbibed into the substrate, the undercoating |ayer,
or conbi nat i omedidabdesides used withgoor irhentagittiddthobody.ai m 50 or 51, wherein

the redox initiator,,comprises a.hydreophobic-hydr.ophilic redox initiator
pair. 53. Thém‘rrefﬁrg& C8’fnp8?1§¥ Og‘g?mi’/\%%r eﬁelflﬁ?ee #eé/bcgfop}?ﬂsi ator system
conprises a peifxisdeavatied, fordes @huctatd, or combinatishs tildteofet hod of cl ai m 53,
wherein the peroxide is _dicunyl peroxide and the nmetal salt is Fe(ll)
gl uconat e. 45.  The composition of claim 44, wherein the device is a

vascularly inserted catheter selected from the group consisting of a

peripherally inserted central catheter (PICC), central venous catheter (CVC),

and hemodialysis catheter

46.  The composition of any one of claims 1-45, wherein the

tensile strength, modulus, device dimensions, or combinations thereof are
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55. The nethod of 47, wherein the graft-from pol ynerizati on does not

require line of sight.
wher ei n twe 281s596at e,

56. The nethod of any one of clainms 47-55,
under coating | ayer, or conbi nati @eas/ush@omefoimar e not

treated with plasma or ozone to produce free radicals to initiate

pol ymeri zati on.

t he graft-fromighol 30%r 126t5%0rdé6 uf theitensilé etrqreds enemlhef dose or nore oxygen

scavengers.

47.

57. The nethod of any one of clains 47-55, wherein

dimensions, or combinations thereof of the uncoated substrate.

A method of making the composition of any one of claims 1-

46 comprising grafting from within, and/or from the surface of, the substrate,

undercoating layer or both a non-fouling polymeric material.

48.

The method of claim 47, wherein the non-fouling polymeric

material is grafted from within, and/or from the surface of, the substrate,

undercoating layer, or both using one or more free radical initiators.

49,

The method of claim 48, wherein the one or more initiators is

an ultraviolet (UV) initiator.

50.

The method of claim 48, wherein the one or more initiators is

a redox initiator pair.

51.

The method of claim 49 or 50, wherein the one or more free

radical initiators are imbibed into the substrate, the undercoating layer, or

combinations thereof.

52.

The method of claim 50 or 51, wherein the redox initiator

comprises a hydrophobic-hydrophilic redox initiator pair.

53.

The method of claim 52, wherein the redox initiator system

comprises a peroxide and a metal salt.

54.

The method of claim 53, wherein the peroxide is dicumyl

peroxide and the metal salt is Fe(Il) gluconate.

55.

The method of 47, wherein the graft-from polymerization

does not require line of sight.

56.

The method of any one of claims 47-55, wherein the

substrate, undercoating layer, or combinations thereof are not treated with

plasma or ozone to produce free radicals to initiate polymerization.

57.

The method of any one of claims 47-55, wherein the graft-

from polymerization occurs in the presence of one or more oxygen

scavengers.
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