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SURFACES Background of the Invention PCT/1JS02/11983 Due to the (1,32
ever - gr owype.he3gnd for healthy living, there is a keen ip&ﬁ'ﬁg&gu%é} '
mat eri al s capable of killing harnful mcroorganisns. Such materials could

be used to coat surfaces\OINRREBIAALPOENIVERKER pxeopl e in everyday

lives, e.g., door knobs, children toys, conputer keyboards, telephones,

etc., to render themantiseptic and thus unable to transmt bacteri al

i nfectiong. Since o Fi@gry.n&terials are not antimcrobial, their

modi fi cat ﬁﬁgﬁquiﬂﬁj“? it exanpl e, surfaces chemically nodified with

pol yet hyl ene 18udtoth®kverai6wig deiand %rﬂl%ﬁltlﬁmmif'\iﬁtth&e RO Y@ FiStefedlin! €Pe!

" (al though not kill) m croorgani sns (Bridgett, J., et ak , S.P. (1992)
Bi oat ér i amgtenigls capabletdfikilling gmmf'al m@rporgamisms| Sush veteyiads comld badaseditg cdat &

o O K S begoptibtonfe BRI SRt in SEPday NG i dopu a3
19, 85185Qys, cdmpilet RéybahidySledphdtih Ste. MoSedh tHegh hiRERM Rd&Hudhrlable to

antim crobial agents, such as antibiotics, quarternary amoni um conpounds,
si | ver | ofigsmifrbactseiphiafectipag Sknce oglivafh matsrialsare agieantintierobiahdheiur r oundi ng

sol ution e - Ki | 1.C r LS t her.e 4N, J, 1997

Envi ron. ﬁégxﬁi{: T&It (gl‘é? g%l 1#%%£0r%@£§18?%%?§@e o4 y.‘fg"%ﬁﬁ?éfc‘ﬁ%a?lé@eﬂa%ﬁ? ( 1994)
J. Bilgmat glycolSaid certhdl oth@Tsymitstic Soly®ers-cad SepSh@theuigh bt Kilt). micRorgnist000)

Bi ot echnol .  Bi oena. 20 b7, 141-146.). At hou?h t hese strategi es have been
verified (Biidggitedus ekdl u¥ PoldS9Bomrisd Padl biile, Ardiely, Gl & ahdtlverana,
expected $0 eff eat) iAn A : efqlca iR t : a
i d et ety & Pipb Rl AT oo B pE AP LT 1Bs ARG VST o
are al so Hag® K. tinh &cHnE b/ HIBNSulwiit ik Chei, KeSic{1998) Bidtidafile1d d1.agent s
exhausted, _Infection is a frequent conplication of many invasive surgical,
therapeut‘?ft?-)and 25 di agnostic procedures. For procedures involving
i mpl ayxt abl e megj : [ : i1l ' I - : {.C r.lLy
pr ob?l(rasrrati C beggﬁggtl‘%%tngaﬁ?rgl%% b%éﬁ%fét%gﬁﬁwéﬂ&noﬁ? ?Iﬁ@,apg%eitnt:shmﬁ?lc?% ect the
m cr obes dntibintich,epartergatyyanirhenismiyjospiousds, siven osy@tiedine ARattahegraduatfyect i ons
are difficult to treat with antibiotics, repmoyval, of the device js. often
ecessi t PGSR FUrQinsfieao AP vering 4 BHimisiaremirisies Medlited ca

cost. 30 (199%) EmW¥R Q24MBESz2 1061344585, KLABR A MRlehiial gliefioogpedded in
the body provides a surface for accunulation of infectious nicroorgani sns,
parti cul agioylawc&é-r Palyaed Ede.ca 9001640 IShedrem ¢i.E.Hrbdt gl (20000 Bérethwoll Biagng.ake
pl ac hr t formation of hiofilnms. A bigfilmis a type of fouling
Phat b ot Ikt SlE5eh Hhe veteftiaRpsth trihiased rfets SRR confine e
pol ymer i Cha¥Rdrial they Radtldndt BE kRpuRed tb BeRTfedvera2SiSiNbs e HA%ichih ilfhelaBsehce

biofilm termed sessile, growin a protected
of a liquid medium; this is especially true for release-based materials , which are also liable

to become impotent when the leaching antibacterial agent is exhausted.
Infection is a frequent complication of many invasive surgical, therapeutic and

25  diagnostic procedures. For procedures involving implantable medical devices, avoiding
infection can be particularly problematic because bacteria can develop into biofilms, which
protect the microbes from clearing by'the subject’s immune systéem. As these infections are
difficult to treat with antibiotics, removal of the device is often necessitated, which is
traumatic to the patient and increases the medical cost.
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environment that insulates themfromattack fromantimcrobial agents.
These sessile communities can give rise to nonsessile individuals, terned
pl ankt onivgo OW&]& rapidly multiply and di sperse. These pl {J%}lq%grgani sns
are responsibl'e for invasive and di ssem nated infections. ey are the
targets of antAfy flfbiaPlefldiffcaBd inCROYGI Hroats & Qirfice &R Bintulhifdd ofl O
eradicate the sessile communities rooted in the biofilm Biofilns are

under st oadfectolmemicrdargausmns, lpyrticolaolybactgria exbocgasiondllyrfungif This isounslersiandt s .

The bi ol ogy .of .biofil i s.described i.n re detail,. in ~Bactenial biofilns:
a cormon tgé%}%eé’lﬁﬁe tb@r“gﬁ gl{eefmm?qﬁneo?fql%tﬂr,ns n?‘ bl@ﬁ@? LraRe o&%ugy%{kgf?gcug
G eenber gyherhRPGRgAfidns dieakf 1d S fackd RNecrefWhydtited pbigHesic Afairbt Bt | m

resi stance,” K. Lewi s, Antimcrob. Agents Chenother., 45, 999-1007 15

(2001), iswconpdy thewd Misrasirganisms exissing e @ bioSilof termed spssils, efpvhinefapisatedal | y

on inert sutfaces or. .on Na L1 Vd I nd. r ~redi cal
devi ces ﬁ?&“&&@%%‘ﬁ%?ﬂ%% @Pmcﬁé%g a{[%‘%ssfyuogg 2 gt%ﬁlé: ?qu%sag Igg'g? @ééq'é rslgslglgigﬁt ified
on sequesddnanitideesh set0 hofseskiyiadigidaklssterthédplatibionib, Whiely rapidlyi nci te an
i nvasive infection called osteonyelitis that can kil|l even nore bone.

Bi of i | ms maliphpashdismerse Jdepeplptiipnie QTEIAISMISEHEFSPANFIDGR 9% dnragive aid sues such
as nativegheart v : r 1.l ting

i nfecti ondlése?fl}u%%e&eilﬁlg%@g?%\/inﬁ:ie? %\gg}réet%gté O?}l&@ﬁg@@éﬁiﬂg%pr%{@ %ﬁ%t?ozfgﬁ col oni ze
di st amt |peahbasSaiby saBitdthetsbdsily gbtnunities rdvtabifithe BiafiimbBiofiins arecan
destroy the heart valve itself. Infections_ involving inplanted nmedical

devi ces ganisrsadobsadieaBenaconmine TgReEYQdr for anfectioug a%f‘d’fﬁsfru?hettyo%gbﬁlfdes a
reservoi ryf fimdf éfe %nganoFE &4l A BatRridGoRhES §168nRh cﬁhﬁ%‘?‘ﬁ?ﬂ%‘f@n%”ﬁ Ina
biofilrn ona nedical device represents contam nation of that "foreign body.
The el i ciingdciion,”’Jy Codterstm,d. Stewant, EcGreznba) Scigee 2841 131Bd 382 §199%spdnses
constitutgs an jnfection. The dgyel opment .of | nfection fro a of
cont ani natT}E?n“qdée Egl?\‘gi‘ﬂg‘? éerﬂStW?’h\f{:ﬂ@ F“Fa?‘ﬂlg}lcrﬁﬁs‘%‘w (él?ength ?ri’g]ﬁaa%gé and
devel opmepio 1 Bl o'i@te@?&’éﬁnsﬂ Yenckn one or 30 nore |ocations, colonized
by one or*a plurality of mcroorganisnms. The pattern of biofil m devel opnent
i nvol ves i ni t i Blofins devalemprefdrertially on dmarigmmfases dr@naogdiviing gagnd, ave ocene
formati on of microcol gnies attached to the surface, ang. finally.the

di ffer ent‘?oé‘f'm%lyd?”f‘ cgl; EY%anrﬂ%¥%s°PﬁPﬁede9{d{98$§§%‘8% Elglrolﬁhm'gs-a]lé%‘%a@@a nat ur e
bi of i | ms ﬁ:eﬁt'i'ﬁécp& Seqi&dtla AR bohe an¥Von B80O Brats, o hidi Ay dh98eitd & eased

frombiofilnme 1n a natural pattern of programed detachnent, so that the
bi of i | m skwesige ifectionicallsd dsteompyghitis thabcanriald gverempredwne.e Biafilms heee been

ol and b B GaliPents e Riefesetak ks fisfes BuSEH AR shRARR 0 I o 1

t he bi of i }gdhorB@is Fdreéhd'd Sasafi fomifeoin ahlfd eativearditis wht@ themadroargshisymet ons,
rel easing antigens and stinulating antibody production that_ activates the

i mune syenlyeat golaniza distant focptiestsiHypeading threughprithe bloodsirramgut also 6kt i bodi es
and host | ﬁngﬁﬁ- re : s Ko ' 0 the

bi ofilm %é\:%gégt eglﬁ% t eslgseg'r ggﬁléﬁso‘?rrlgEli%@éhgﬁwﬁ%gg}eh{éaaﬁggggéggary rel ated
i Mmune r egRohebiofllis, witretaaxsisile popaumits pafviddse rhsestdisior aminvasioginfedtion.

activated 10 cells can be directed towards th ost's own tissues, This
phenoffenohhf Bresnes of miemearssmisig In dAEM RS rﬁe@?ﬂ deyige FoFRsents GORBIIEAR o

phenc#enodhe B . e, Seviespprsene
per i odont 11 PaL R ARE b TR S Bkt e o S Pistiepfieibuses,

around i npomstitieel aneidfectibn.devi ces and bone resorption with | oosening of

ort hopedi c and_dental inplants, .15 Wile host defenses.nmay hol.d invasive
"hf oot ons. | . HeQR GPTERHOF 8 IR AOERLRE B SPERTRHoT e ST ORAt

. Organi sns et 1AYBHAN o SIGUELWIE bt ANERPHIRRO IS fiBfk srokaddwlybAe ofy St em
Many patients 1n a hospital setting have conprom sed | nmune Systens

r endeB0 ng e Fcatbons, salbnizedby enct oy 4 iurakityad minfoseganisms. She patterhofripfilm

. comuni ty  has become establ.ished. Patients requiring inpl medi cal
devi ces nﬂ?“ﬁ?ﬂ{‘é% d Voﬁvae&émbﬁl aétggxbrpgﬁiog ity e1sgnyt§ 1% _es ronsHE S‘\?\ﬁ?&ec? ’Pltég on a
short - t er @BrRfatibR BInfi@bEBIOFHSE StacRedRAhE durfadGind divaly tHerditfaenitivhefthput s t he

host at greater risk for initial formation of a _
microcolonies into exopolysaccharide-encased mature biofilms. Planktonic cells are




contam nated biofil maround a nedical device and for the invasion of
pl ankt oni ¢ organi sns into the surrounding tissues and the system Once the

pl ankt oni ni.snms nmount a full scale infection, the i m sed
host wi | 1WBIHPESY Tt GCAe?

S likely to contain and control it, 25 w entrally
lethal v &bl frdth Bio?ﬁfn?ﬁjrt 55&{1}@@&}*& Qfﬁlﬁgﬁaﬁﬁﬁéd’@eﬁchﬁﬁﬁt, ho 8t HRfRSMES, the
mcroorganisms In a biofilmtypically cause recurrent infections and
| ow gr adesetves as a sidup tfornmultipleerdoitwért laoyte anaeive sitfadslons hddtibiotics typicgllpe

eradi cated syrgically. Wien a forejgn object be S tam nated with
ni cr oor ga?ﬁ%%ﬁgn%ﬁ%o%?ﬁ“ﬁe%&?ﬁaé’ﬂoﬂicﬁg TR “ggﬂgo%‘@g{flé’ﬁ‘? ST ection 30
. may be t O BTRME lohRtcantdmipated foreign article. If the material being

removed is esseng_l al for health, a simlar article may need to be repl aced
in thé sane | ddessileomjcrodrganiaps ssegivatisafo loclizedisymplomsershaasing anijgaps end t o

i nfection because he residual, m.cro anisns in the area. .-

02/ 0833~2§t’lﬁéﬁlﬁ§(ﬁ‘ﬁ ? %rog}lﬁ@g%ﬁﬂ@%ﬁtqs%%}wgge %E%b%@&k 3&%‘%"3@% E$'/ﬂ§(3nati ng
bi of i | m bgg ﬁféaisﬂfr@ﬁ{dil@%‘ﬁ. AnEbyded andeeeURinkeR deferdel dre inelectivbhnaliagiRs have
devel oped to treat surfaces or fluids bathing surfaces to prevent or inpair

bi of i | m f emishyin thebisilmpeveadheuehdhspe argaaismshaye eligited yag @pibodyiandt her
systens es tial tao publi e . I

producti o]ﬁfageraf e e Lébxcqulﬁl}réjé&rt%? Bf ec % S oge‘ ﬁ@g?#ﬁ@éﬁ%@g@ Q%Ir){)%gls %ta
t reat1(sur §eils €sn vé difecdé@Matisalic hddg's gamitBsu! Fhisgihsndmerontiesdeariethe t h

bi of i | m devel opnent. For_ exanpl e, various, nethods have, been enpl gyed to
coat the wavthawheredihe hastis sesporfevp thedeptal biofiimican iflagie tissss sarrgundiigshe pat ent

Nos. 4,107 42,133 , , - 952, 41 9,
o 053, 745 5 53158 poiodhnliie PR phchomEhol i BRE POl o s
Pat ent Nomflathnfafion afind LidpHinf38 nddital dévided AndBone BsaPhodWath 1dms3nifig 854,

5,681, S75, 5,753,2S 1, 5,770,255, and 5,877,243). Despite these
t echnol ogPéhopedisand depfat implands: nedi cal devi ces and invasive infection

ther efy om cont iy holichéhsds BEPRAIE Mvabidl GELLMS iPERRRS KBniifinglHeqUl T OUS 1

t he nedi cal environnent, despite vigorous e ts to intaln antisepsis.
The pr esemotfepitidnefpdandtadnorzasising rthis éswrablé equilithraoh poesupfosdstanhiotpt t al | zed
patients and nedical personnel. These infections, terned, nosocom al, often
P nvol ve o RN UaTY PESBIRin ANGSHHIS E0H e VA COmRIPISF ERPBR DR od

outside t %délﬂ@\?ﬁx&ﬁ'moﬂe%ﬁﬂfﬂbﬁé BnvAReRifbaond oRbd § BRblM ceRlANg has e nore
likely to 1nvolve organi sns that have devel oped resistance to a nunber of
ant i bi ot i becomal establighedc Petierss requizing implantablaneditalldeviges mankkewiee haost i nel y
enpl oyed, infectiqus organisnms readily cplonize vari ety of .20 surfaces in
Lhe nddi cSAmBRTITSmERTS SexBe e oh asBotir e den Glarmahe™: A 6P ur e or

i mersed Ricfibth imBUAE syt h@iE tHFH0BRY Atdkdater Hi4k Horigitial H@Stiodsf PNs and
shields, can spread infection to the wearer or to others in the nedical

envi r onme pentarweisid théoflmearpund-amiedigalaiedice lapd frgitheinvasiomed plagkteic gEgagismsc and

non-netal lic,material.s |. i eRV| ret.al er aus
organi s msmtt? g-)ﬁﬁggovrhcilgg B%g%%]fnr%wﬁg %’ﬁs géén't Q}{%%t%gggagié@%%%g%{l%bggg%s@gf 25
Any agent sgageilfdctioh, A ihmbheodpiomhizedradst aill ba ldsh tiketpdo caltairmud camrodiyy nust

be safe to the user. Certain biocidal agents, in quantities sufficient to
i nt er 2&r e Wikhinetastially lathel respEs can damage host tissues. Antibiotics

i ntroduced int j . j f i | st ant
of gant Srre. whi A URTE] b plGioRD G RANII KA biles, oo B it 651
m cr oor gablodilm tywicdll) dankemcaeen énfeciins timhlow-gratit tocpbsymptomar Tenbiphlmat i cs.

Any 30 anti-biofilmor antifouli en st furthernore not interfere
Wi %lh t he glgqelﬁlg];aibijg}@d, can on}I' e gra‘df?:gteg gurg}caﬂy. eﬂa oreign object ecolmes

contaminated with microorganisms, the only way to eliminate local and systemic infection

dt hat

30 may be to remove the contaminated foreign article. If the material being removed is
essential for health, a similar article may need to be replaced in the same location; the
replacement article will be especially prone to infection because of the residual

microorganisms in the area.



characteristics of a nedical device. Certain materials are selected to have
a particular type of operator manipulability, softness, water-tightness,

tensile s\;‘,b%gﬁ%gnor conpressive -4 WO 02/ USSS- 42 PCT/ USpg.ll/ﬂj%@gjé%ng ¢ or

durability, Characteristics that cannot be altered by an agen _
anti - m crobi algigid @6 UificMiEePaskbistb@ivithleMRlifMng Hiofilt-PASE ifTbctiohdate wall-er i al s
added to the surfaces of inplantable devices to inhibit contanm nation and
bi of i | m frecagmizedna nupbdreftévhnelosige hivs deelopedbtol traat surfagps e Ridebathing are of

t hensel ves t hr qnbogeni ¢c.. For e e It ee ith
oAl o Sacesdp FRER i impah efotiofaptop, MSTRE R Akl oA Pk,
_ Heparin coumand§steh bsbnted €o fititrhehith A antdreaggiss and fekdfppetistiohave

t her ef ore been gxplled to certain nmedical devices grlor to inplantation.

Howevdr , fapidities. af aumber abfechnolnsirshave bean nraposae that grat spefages Witk Rsganc or

antimcrobial effect r. [ .\ 1.t ROy LG Thi s
conbi nat i BREWB |n&§ %réﬁspg)r lﬁ }eg%Fé;‘;rvﬁﬁ gl\?\gh{i}gg %goﬁg&t‘ti E{';art Ji?ﬁggeg klgr‘(:lrj\ecgllg E’gﬁ%@g Vi ces

t hat resiglgeibBer &fiploledrsdoaempsugatel ofmebieal devica with andbiotiés (Seak.gpUii ng
devices ("artificial hearts” or left ventricul ar assist gevi ceg) va cul ar
grafting PatentNess dsl 02nd LyAdeul 3 489808, 481708 3d1360pi hge2410, 8853 dfrmt i on
can obstrygct | : . i r re
I e D Y R LS L
bl ockiong 4886,580515,019,096, £128%,878, 5t32805ds5,681,6T7a11S53,281 06 17M26Hramdt i on has
important _public health inplications. Drinking water stenms .are known to
har bor bi 5)577’%3,)- AARERILS strgRChRiRgiese FRAMBINARR %e,r\%?cﬁ%% %\é‘é‘ﬁ‘f’%ﬂnﬂ lnvasive

di si nf ect j 1l interface between a surface and a
fluid hasﬁ]i °§°%§%%®@F&?ﬂo@%§wﬁ %Ogiea\r/dél opnent. Water cooling towers for
ai r condi ti onelnfectives srzahise akendaguitons prothe npdidal enviaineht, despkis vigooensbi of i | m
formation, as epi sodj c autbreaks of infsquﬁl%ions | i ke Legi opnai r.es. Di.sease

attest . THRUH B RRAIRRIR APOPERSY I8 PTeSERee A RSE SrepOIss 3R TSROt MEUPB Lot | on:

bi of i {478 g??spitél?ieﬁlgaﬂerﬁeQ[qilinkéicwb%h%nﬁéw%e& MREGSNsOferbdBEsob il DfRASS,

wi th the ects of altering flow characteristics and passing planktonic

or gani snsintolvesrganisms therudituidng hnd moiaunmsedl ¢l thesecpeountéredeutbigde éhe
experienced nechani,cal .. 25 bl ockages, J.npedance of .heat transfer

or ocessesiosga: thaduDaRsREAaRASFeR O AEHOre Hialy 1S inyolss Sikamibms g
attribut ahh deQelBp&d fekiBinciodf tuiniBer BRYGIVIGRR, Ad@BLAH él8shsin ahl eitiGROEHAL S

| i ke henodi al ysis” tubing, and in water distribution conduits. Biofilnms have
al so beenrdgiteensiaié eitinolycmpleyedi infestiinerghriswereadily golaniar & ivpasty ®at er

g e e G g e e T s

in food prAmessd RoflEdyBvenbafiesmafetiad, fuchae ghivey aprove hivkshiéltis)icais spread i d
material and their conbination. As an exanple, mlk ﬁr ocessing facilities
provi de f infpctiondp the wearennd tepihgss ip thamedigal cpwiremanend. Dsnigsfegilizationdndansing

mlking a i ' i D : AN ' ' of
rechant carcoking: afaS e al S PAR R BNAGREI: ke pidRogt BhBloRRichRo

pr ocesses rdtiin dangrousi cip@dirdtragped in & biofihactenetth dd passédidn to athed hogts. t he ni | k
product itself is treatg&i W th, %?%t e%i zation. In g.hciese. rodyci nﬁb

bi of i 25 can | &Y agentiuged (o g ifmormafion i the medigelenyroupeht MUsEdG o g ar
cheese. i@gﬁa j f:ach bt et ) ihi B

suscept i E/F %% %cg{h%ﬁlgé}sl m g{'ﬂg{s{iﬁ%ﬁg%’ﬁ?%wme?Eu%ﬁgcnmtlgflell{i?gd@ﬁgﬁlro 1ﬁ énése’s can
be af f ect eBo cii ddrndgeshasttisseest Amtiietisiimrpduaed inia loeal tissuearersean dwlueethed on

rubber "fingers," .plastic curtains, conveyor belt material. Vi sceration
equi pent f%{%}i‘tlglﬂ fﬁ)ﬂs‘ég@% Shearp™s W??‘%’cfé‘&?he%ﬁmg’rﬁff%"ﬂ%‘f‘?lil?%"%?ﬁa
m croor gaplaﬁmoﬁ&%&md% Hifhs WBuld ARdwie B 8653dtaHd té thehARRAlL dntiblofidye Any
addi ti onal need that the agent used not affect the taste, texture or
aest h3®i centpbidiihe qraptifreding agent mewefisthpmnare nptiatesfesy with thefeligripes be able to
. render gengral, surfaces hactericidal..CGeneral su .
coati ng/ d8ﬁ?f€}%ttﬂi1§%%‘€ Pgﬁ n}f?bcg NEs qﬁ‘%"&l %%Hgl g}ﬁee ei)e%{e;eg t haye apartipujan fype
appl i cabl @f berhfB mafputibilay,sofifeR] Whiestgithedsehdilonaetigth or Compressivef t he
I nventi on One aspect of the present invention is directed to anti m crobi al

surfaces conprised 15 of covalently attached anphi pathi c conpounds. In
certain enbodi ments, a surface of the




present invention acts to elimnate airborne biologics on contact. In

certain enbodi nents, a surface of the present invention acts to elimnate
wat er bor Reo ki alQgl ¢s on contact. In certain enbodi ments, ?Cﬁﬂé%?ﬁ@ss()f t he
pr esent |nvent|on acts to prevent the fornation of bi of| | s n"certain

embodi Menganifg), thaRuaieirs it alnhschesderamly Oéeh@adaemﬁ thizrdbiflo! ymer

conprising a Alumions. In a preferred eénbodi nent, said polyner has a
mol ecul arcfiwsisght of at |east 10, 000 g/ m)l m)re preferably 120,000 g/ nol,
and nost pref er. abl

150 0 h f f
the present ini&h EO%S‘?H&géIS pPﬁ“@S Flil r&a&& t%d‘dﬁ?’f’tgﬁggs ur hgce °

_ surface qhﬁl&}ﬁam 8&As tb MAFKTE b&ﬁamﬁlaﬁorpbxﬂﬁﬁlbﬁlm fdhrﬁh@@h{ay% kom®ERasE. ment
the surface of the &gesent i nvention i s an am no-beari ngpgmass In certain
A

embodisrenbeme ithplapekls oraterials/aa of themselvas @sombmnmoﬁm It}@ahpfm sed of a

mat eri al [oX0) und t sai,d nat. wher e

Mrobi i 7 eaREGARGET Lir B, as B & Arfes FEE sRmeel SR BB h &b iour ¢ 1
wat er. | ncl6€riéiarin aem@atml Whith Sre laivech folHAVE hhticoa sl 6@ EpREIEhavs tikrefore
polycation. In certain enbodi nents, said inmobilized conpound s a

wat er - sol RASNAPPRgSIRIFETLAIR msigak deviens priok i antatican i evshthere ges fgw

cortain - GvaERRRT iR BT ookl MR Rba el e EBRSERNIM o

conpolnd gnioibegeriobifédis. allky bornbilnyﬂiqﬁywbdﬂrlﬁ)paﬂfcuh@]lyw(al\bableky kresttthydeene
imne). In certain enbodi nents, the conpound coval ently bonded tqo the
surface i@edicaldsvicsethebiesidg in e bloadsiiean, |suc1Raq_-\hqqrt\\ya vesy afifiglalppumepipg wher ei n

0 ZHR r&c%%%g%&ﬁél qie‘éh?”@ 1k v&@hcﬁ?x%sﬁ?& %ﬁscEi W%gﬁhﬁ@es

al kenyl , acy ary car boxyla |'oxycar bonyl ,
car boxam gial, vastiy mntsn oIn thesg Iseitings) clod fdramayibn cm:gltmyt thé ﬂdwa)fmdddythrough

ooyaiql el ol o el B0 R sl e, (o8 o1

15  potentially blocking c1rcu1at10n to distant tissues or organs.

Biofilm formation has important public health implications. Drinking water
systems are known to harbor biofilms, even though these environments often contain
disinfectants. Any system providing an interface between a surface and a fluid has the
potential for biofilm development. Water cooling towers for air conditioners are well-

20  known to pose public health risks from biofilm formation, as episodic outbreaks of
infections like Legionnaires’ Disease attest. Turbulent fluid flow over the surface does not
provide protection: biofilms can form in conduits where flowing water or other fluids pass,
with the effects of altering flow characteristics and passing planktonic organisms
downstream. Industrial fluid processing operations have experienced mechanical

25  blockages, impedance of heat transfer processes, and biodeterioration of fluid-based
industrial products, all attributable to biofilms. Biofilms have been identified in flow
conduits like hemodialysis tubing, and in water distribution conduits. Biofilms have also
been identified to cause biofouling in selected municipal water storage tanks, private wells
and drip irrigation systems, unaffected by treatments with up to 200 ppm chlorine.

30 Biofilms are a constant problem in food processing environments. Food processing
involves fluids, solid material and their combination. As an example, milk processing
facilities provide fluid conduits and areas of fluid residence on surfaces. Cleansing

milking and milk processing equipment presently utilizes interactions of mechanical,
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present invention acts to eliminate airborne biologics on contact. In certain embodiments, a
surface of the present invention acts to eliminate waterborne biologics on contact. In
certain embodiments, a surface of the present invention acts to prevent the formation of
biofilms.
20 In certain embodiments, said covalently attached amphipathic compound is a
polymer comprising ammonium ions. In a preferred embodiment, said polymer has a
molecular weight of at least 10,000 g/mol, more preferably 120,000 g/mol, and most
preferably 150,000 g/mol.
In certain embodiments, the surface of the present invention is glass. In certain
25  other embodiments, the surface of the present invention is a plastic. In a particular
embodiment, the surface of the present invention is an amino-bearing glass.
In certain embodiments, the present invention relates to a composition, comprised of
a material and a compound immobilized at said material, wherein said immobilized
compound is a polymer, wherein said polymer is not insoluble in water. In certain
30 embodiments, said immobilizéd compound is a polycation. In certain embodiments, said
immobilized compound is a water-soluble lipophilic polycation. In certain embodiments,

said immobilized compound is covalently linked to said solid material. In certain



Brief Description of the Figures Figure 1 depicts a commercial NH?-gl ass
slide (left) and a hexyl-PVP- nodified slide (right) onto which aqueous
suspensi Q) oximately 106 cells/nL of distilled wat yreus
cells m&gég%‘?sgsjezd, air dried for 2 mn, and incubated uﬁ[reT_r/8 .23%8§gar 20
in a bact@iiimeiowhia iﬁﬁfﬂbﬂ[ﬂeﬁ%o&ﬁ&xﬂ’%rﬁ@épqlﬂg\gﬂﬂ{ﬂ AingIRpHahng) érhe
percentage of S. aureus colonies grown on the infected surfaces of glass
sl i des nmuuily(MNealkyl ethylengAnnnell kyl ated with different |inear alkyl bronides

relative to t nunber of col gnies grown on a Gco rcial, NH2- gl ass sl de.
Fgure 3 depi dbis CHeRbrmauanson G pREawd cRviribohontehds b oitRet sy A
25 Fi gur eefreSiiéChpthe foahi@ampt ic illustration of the derivatization of

" pol yner surfaces with pol yvinyl-N hexyl pyridini um brom de) (hexyl-PVP),

conprising the foll ow ng four steps: th a Si 02 nanol ayer using

~ the conbustion chem cal vapor depositiRoN; ing with
3-am nopropyl tri et hoxysil ane; 1 -gli br onobut ane; and
derivatizing with hexyl-PVP | nce of| 1- bronohexane. 30 Figure 5
depi ct s phot ographs of a cortter ¢l al i |l eft) and the
hexyl PVP-derivatized slide (right) onfo which ajueous suspensions
{approxi mately 106 cells/nL ofRdisti Br) of (a) S. aureus or (b) E
coli cells were sprayed, followe i rying for 2 min and incubation
under 0.7% agar in a bacterial grdqwth nefliumat 37 C overnight. -8- WO
02/ 08s52 PCT/ US02/ 11983 Figure 6 i ctsljphot ographs of a commerci al HDPE
slide (left) and the hexyl PVP-gderi J lide (right) onto which (a) S
aureus or (b) E coli cells wefe all o to Bdhere from aqueous PBS, pH

7.0, suspensions (approximately 106 cells/@- of PBS), washed with PBS, and
i ncubat ed under 1.5% agar in a bacterral dgrowth mediumat 37 C 5 overnight.
Figure 7 depicts the killing efficiency of hexyl-PVP-derivatized HDPE
toward airborne (1) or waterborne {0) S. aureus cells deposited on the
nodi fi ed pol ymer surface as a function of the surface density of the

pyri disni um groups. The negative percefhtages correspond to a greater number
of bacter\iwﬂér gell's adhered to the nodified slides than to the 10 unnodifi ed
one. Figure § depicts graphically the bactericidal activity of polyethylene
sl i des coval enRlIrypreseatsandividuhllh fx ghehRdeuagaie hytdrogeh, dlkyypdkanyt] alkamybus
antibiotic-resistant strains of S. aureus Either airborne 1%}Zhaded bars) or

wat er bor neYh @ neatbeaiats, alxyearpanyl.auryrartomyl, GEbexaRge s kEamBI% o t he
slide sur{aesind ke dragglbsé)(,;i@g{%g@gpﬁ afkoRYATEf CariRB Ak H2 (Ml&hﬁ@m‘cﬁ i ency

iC
val ues are-represent e © Figure ™9 depicts graphically t he
bact erG ci thid, ablaylthia, thioakyl p@llyithioydleylecabimied, wea, dhiewtehysutfonylesilfonate,
hexyl - PVP gai ns& tvi? ar ent / nut ant (pai_ rs of S. aureus strains. In
sulionamiqo, su on@ amino, or su onyl XY,
R’ represents independently for each occurrence alkyl, an alkylidene tether to a
surface, or an acyl tether to a surface;
Z represents independently for each occurrence Cl, Br, or I; and

15 n is an integer less than or equal to about 1500.

In a preferred embodiment, the invention comprises Poly(4-vinyl-N-alkylpyridinium
bromide) or poly(methacryloyloxydodecylpyridinium bromide) (MDPB) covalently
attached to a glass surface. In another preferred embodiment, the invention comprises an

20  N-alkylated poly(4-vinyl pyridine) covalently attached to a glass surface.

In certain embodiments, the biologics killed on the surfaces of the instant invention

are bacteria. In a particular embodiment, the bacteria killed are Gram-positive bacteria. In

another particular embodiment, the bacteria killed are Gram-negative bacteria.



the first pair (A), the nutant is m ssing the MDR punp encoded by the norA
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o heal th-rel atdgount s SARRRate GO BhdbrhdbRiHsRT aPlatoB PhaRS
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area with potential for -9 WO 02/ 08SS~2 PCT/ US02/ 11983 i nvasi ve | ocal
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cause cel ey can release en rexotoxins that kill

cel | siat @ridirsémbuaimerts| tRasiratidy agst idBimbiegropdtritthesyslagonponent s, or
damage bl ood vessel s and cause ischenm c necrosis; and 3), they can induce
host - cel | ul ar N&SpaReEbodrAgnts hednwsnian i drawe e hepisirtesishat ariclader . my
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hypersensitivity reactio An 1 hfection, ether Tocal or systemc,
r epr esent wlyher eneiseaqiabemadfy amncomangacipsmin certain emhoditmenidstiie bdoeeria

production of tissue damage qr. the elicitation of host defense nechani sns
or both, Teeis@ntAtelsice wsg%qlﬁgtemgﬂpﬁlﬁqlaspéogws(jﬂg .%aféﬁ?ﬁﬁﬁs%‘tﬂ&?laies
Sympt oy £aRdicRdNEe. Pai n, tenderness, swelling and interference with
function. Common system c synptons can include fever, nalaise and

hyper dynalivief Bescdptermefthediigrfdsect s. Massi ve bl oodstream i nvasi on by

i nfecti t api dl y becone fatal ... i nf ectjon has i
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control l ed wi thout renoving that object. he object is naturally
occur ri ngwatenikd Sdewzgae ellanyere sprayednaic doed ort2 mingend incubated endsy 86d Ysagayi cal | y

Vi a rocess called debride o~lf the object is a foreign one, such as a
medi (a:Za dB\A cag,%%la[grioygl?%ﬁgﬁggﬁﬁt?%ﬁﬂg% times a rimof tissue nust be
removed al ong Riguke 2 depicsiiapiroatad ofls) eoteus colemissgrowiron theinfe@eiafaces
contam nating naterial. |f the material bei n{gﬁrem)ved is essential for

heal t h, acflassishdesanodified with IR/ Nridledated vtk diferentdlinear alkyHuomides relafivet | on;
t he repl t A Lal.J: 0 .d.nfection because of
the resi gﬁgﬂg%&%?%odrfggﬁpgﬁé ?\gf?rﬁgggl?%%ul#he bglg‘g%sgltdei nvention is directed
t o anti m cr obi Biguse8 flagiess aconpousdof the pesspidtiipedniion pespatedbiyddethbdia. can

covalently attached to a surface, In certain enbodinments, this supface acts
to e|2521 nat e af BY&f ﬂéemmaégf]@gatmllwmtlaep? {1*5 Rivalizagge pEpglymer guriaces

pref err edyith poly(vinyl-N-hexylpyridinium bromide) (hexyl-PVP), comprising the following four
steps: coating with a SiO, ﬁanolayer using the combustion chemical vapor deposition;
treating with 3-aminopropyltriethoxysilane; alkylating with 1,4-dibromobutane; and
derivatizing with hexyl-PVP in the presence of 1-bromohexane.
30 Figure 5 depicts photographs of a commercial HDPE slide (left) and the hexyl-
PVP-derivatized slide (right) onto which aqueous suspensions (approximately 10° cells/mL
of distilled water) of (a) S. aureus or (b) E. coli cells were sprayed, followed by air drying

for 2 min and incubation under 0.7% agar in a bacterial growth medium at 37° C overnight.



25 enbodi nent, the conpound is an anphi pathic polycation. B. Definitions
For conveni ence, certain terns enployed in the specification, exanples, and
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refers to any bacterium fungus, virus, 30 protozoan, parasite, or othe
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for exanple in_the Encycl opedi a_of Pol yner Science _and i neering (1989)
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coatipg. fgy éfﬁblteﬂcf@eﬂu&ear@%ké@@x%ﬁgyleﬂ&ooaﬁ?é)at' ngs to accommodat e

pllablllty, : i1 ng or shrinkage, of the surface to be coated. A
"conponent" i sFsgupaBtdepmtaegralﬂpm]wahmbaddmtdai actsfutymfpglyathb'lﬂnb ﬁhéﬁgr ated with
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the p er h n e 25
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appar at usstra{[ﬂga“u_rren of a tissue expander port is a corrponent of the tissue
expander. A conponent can refer to a reservoir or a discrete area within
the appar Betgiled feseription efthedipigréent or the delivery of a fluid to a surface
of the appar at ys Q ? ggervm r wthin an inplantable drug delivery device is
a conponent of ice. 30 A "delivery systenf refers to any system or

appar at us or chnp&m%;thmdpmfsahyn\tdnaoﬂ'rcsnbmehb preverfton df ageunord@ounafs can be

delivered to a surface upon vvh| hi of i.l m
25  microorganisms on any surface w erem such accumulatlon has a deleterious effect on

human or animal health. In particular, the present invention relates to the prevention of
those conditions affecting human or animal health that involve fouling. Fouling events
involve recognition between a biologic and a surface, adhesion of the biologic to the
surface, and the subsequent activity of the biologic. As understood herein, the formation of
30 abiofilm is a type of fouling., Biofilms with health effects commonly contain infectious
microorganisms.
In a health-related environment, fouling can result in biofilm formation. Biofilm

formation is understood to cause local contamination of an affected area with potential for
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The term “biologic” as used herein refers to any bacterium, fungus, virus,
30 protozoan, parasite, or other infective agent capable of causing disease in humans or non-
human animals.
“Contacting” as used herein refers to any means for providing the compounds of the

invention to a surface to be protected from biofouling. Contacting can include spraying,

-10-



The terns "infectious mcroorgani sns” or "infectious agents" as used herein
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| atex, plasti . pol drides, palyest . i des,
ol yacr y1 BrpeE PR SRR B oR sy TER) B AARNCPbIRY PaFf e Blertlsnc:
pol yet hyl @ngiditioap (ihbabimehanslicrediyy bidicemasolyied] cddrithesd berg,20aldfr al so be

fabricated using certain naturally-occurnng nmaterials or treated
nat ur al | yansapaky pergbinatiens, epoxy resin, elyapadgrosins.avipd Jpsins, glaglamersnaqslate

fabricated by conbini t i t v ! L] xation
appar at ugbUne PPt bk R SURG-ER IR S B BRlccHE
conbi 1Rt | pely@brsde ki RV lymeks paridadilicone hedicoedirabtersat eoitable dadagsfer afe t he
particular characteristics _of the conmponents. For exanp]e, a hip inplant
can i ncl uidhainysniéenmddeseriheddor exampledn theErgygiopedia of glymen acigpiegid,

ceram c agtificial hNQte. 0 I ; I e to the
ot round, EhdiheatBlb @ Ls; M0 Reh L Eathe SRt diolv e Mol & L0,
i thedded dissdliéonhradyof\thd matrix cnyroktharateat svhicf AF apérss ke dehecrbbaythé e. g.

heart valve). An insertab) e devicg I.S on hat .j arti al i thedded in the
body but ﬁ}igcé- 9FHNGS AR A QHCPBH‘BE]“‘%Y&’@P‘EEHY ?’édg&s n(Pé‘c“ﬁB%l%rto gawa?ra’? ain).
Medi cpd d¥yi Lot QBE: ; thet beR8rus ! Rdogghgence
wher e?dt hegmaa gﬁggglﬁt%ﬁgfr?gﬂﬁggﬁ?%ﬁgn%oﬁgﬁwg bier%)t% Eedril?ggtliglnf o? stté]?/er al deggades of
use, for eomaiping.anB\F egent frasly dispetsediueepadypeantiader nsneferddyio lse“meralishict or a

f hs, and_is..r. d thereafter. bl e devij end ini
ol aca. f or Sui8E. BB GRS BEREReUU00 PIONS L RePrBIOcH ot RA & RSP HEa o

devices, piPRkhgdBEMESBIHOAY He@FRed.Nt O NDre contact with mcroorgani snms
that can colonize them The term"soluble" refers to the ability to be

| oosened or di 4sobupdnenhis aparnef agapparews thet is'stuetugdlygntegeptedvaiftntbahy

surface of any majerial ., including. | as | ast.i s, and
e 5 e o qeimBaper iy e R eSO O p e iR e RS

i ncl udi ngsRAnhesloSiHE hpsdstus,Beafrel i fhefretiorasT thé dppataasl bharymthércat i ons can

i nvol ve those surfaces in all healthrelated environnents, including

surfaces fawneement wherebwihatpart senieiagial elpmentinidhe syetusg ekthe APRaseistAF al or
residenti gl ' { . ' ' JHBGH tial to
10 wel | - bgri1 ﬁ’gﬁﬁ{élégﬂégﬁp %‘? el%g%ngéﬁﬂogi@%%ﬁ%n%%ﬂﬁgﬁ%&event |ﬂgga§?@§?&§£ase. A
surface otorporint bfthe packapiker] AQompsieent mag batith lomlen efiwi aranatuet whers thee
capable of sterilization _using aut o(lzl avi ng, ﬁi oci.de gﬁgosur e, | Ehapi ation
or gaddi nimpeiesiogns some funcion gsseptial ixthg eVerall funstian oSHierappaatug.o & g umen
medi cal ey L i I I i

st rament L S g ndebBortie oo B (R Ra b DR pBhn) Bir R8T 02
uses. Exangkesirionaldisbectt heeaevithin the spparstns speoifically addpesi fad thstdeliveérgof aedi cal
use, includj SC el need| es, , sci ssors..and ot her vi ces .used.in

i nvasi ve g'HVg‘?’@élufaéa?%%ftQﬁ@m%r@u%rAﬂi?Sﬁ’a’ﬁ’Hs‘Y‘iﬂBnﬁ?b‘BB Bﬁagg;dqlgéqhgﬁ{ya%v&ce

medi cal  devd &RSponkRCdMBAH@vREL | ficial blood vessels, catheters and other
devices for the renoval or delivery of fluids to patients, artificial
heart30 artifi & ‘Helikeryrsystem” oefetsdpenl &ysisnner, apphratusr sHAPPRasl whersby gt het er s

and ot her .t upes, (i.ncl,udi ng 20 ur ol i,cal a biliary. t tracheal
" tubes, pefish é?da“mt{go‘lllﬁjsgecrog% Pgélsccéﬁﬁt?)ggfsﬁ‘{/eéﬁ%%sa e #a ee%(%orns, gll,l g%;!/‘ignﬁ s
cat het er s forhfign (<6 BelilBREE Ckéiﬂéb*eﬁtaﬁvé/@ém@@ @@tfehﬁtceﬂi _iilchmerehwp@llilaﬁorv@flous
catheters, short termcentral venous catheters, arterial catheters,

pul monar y theeagieat incarposiiioi aikeageat ndbesubstaneq ofanariicle REMapufactyie; 0% oneal
catheters), urinary devices (including long termurinary devices, tissue
bondi ng urinary devices, artificial urinary sphincters, 25 urinary
dilators), shunts (including ventricular or arterio-venous shunts);-

prost heses (including breast inplants, pehii{e prostheses, vascular grafting
prost heses, heart valves, artificial joints, artificial |arynxes,

otol ogical inplants), vascular catheter ports, wound drain tubes,

hydr ocephal us shunts, pacenmakers and inplantable defibrillators, and the
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i ncl ude handl es and cabl es fox nedical or dental equipnent not intended to
be sterile, Additionally, such surfaces can include those non-sterile

ext er nal ces of tubes and other apparatus found in bl ood
or body f‘fﬁﬁ%@b% ot her hazardous biomaterials are comm?lllt(gﬂ_é%%ggnxger ed. 10
Sur faces ihé@/&@fﬁ%@%@'}ﬁ‘iﬁt@ the Hhtdes &g)g)réﬁ{fta' sﬁHlﬂ%lE %)Eéiegtr, S ehat ﬁ‘lellgéﬁt'i% Mle to

formation. an eXanpl e, those reservol rs and tubes used for delivering
humi di i edachrhgtngdtal paficeint sifitcient bemunbiodhhibitdidfilnabh deldveny systene cani ous

agents. Dental unit.waterl.ines simlarly can bear biofi.l 0 ei

0 T aces. CORRET APREIE PaeUvTe o ipD g CORPRCH HBSRBSE? HETGRPISE REHRS syst em

of flow nRLRY RUCIRIHHARS HRHEANd DY bulMAcs C0HeP hle¥handms i iingaRi0&9! s and

" nebulizers aré highly effective in dissem nating biofilmfragnents to a

pot enti alsystomss wall be epparentie thoseof skolh inethe a¢lewaAnt arts.1t i s understood to be
especially imgytant ,.to.health t revent. bi ofi.lmformation,on.thos

ourtaces Trom DeRgie uPisr )ty hehEhed of S ErinRisBoled o RS Spghen R o

aer osol s (Revenebitréaf ifectionN Exaipid itdhfleSvindcRessAfgs Bridkorisvbar@si@l At ed to

heal th include the inner and outer aspects of those articles involved in

wat er purliresSBEtsOEs, vengrestays vloarg and hurngberacuigeyoupds ynd dregsingroder arti cl es

i nvol ved jn C i r l.at 0 I o .20 4dncl ude

the 1 nner R ESIE St Vol SRR ERE Tt R RE e FE P e

provildi nGepsis didiorrhiciabial isasiohaFooekaaiplél itseasepaitime of iherinvdniafpbed bean

i ncl ude foodgci)rocessi ng equi prent for home use, materials for 25 infant

care, tardppHed #ihe pyrriancaysppacturpisiie.os cald hednsospripied i theadherentdressingan art

recogni z ri .erized by having as part of their cell

wal | st rﬁg?thﬁgeﬂgég%q @g{:}c}t@gﬁr@g%\s\g%ﬁés pol ysacchari des and/or teichoic

aci ds and ar e Thghagkceffeaiiehmouhirefel toan \whuat oftthe discloeatdntidsuling t he

Gram stai ning procedure,. Representative G ampositive bacteria | nclude: 30
Act i nomy & Poppds thet-significantly sedicatthe number ot pyaniaps that affpsh to edefinsd; gi um
bot ul4iznu Pl i) BRSRSL ifi i Bld ani
Cor yn1 és ba(r:%u ret%étj%%%%/gﬁgﬂlé&r?iﬁgg ,tb ﬂC% r ynebgg:}ftag%t:idtf gnt?lg];l Eg?%aﬁ?&ggtﬁgé'og%rg%@

f aecal i s,préifietred exononmts thatoedure the menieelod biganisnrshibiiattpet toithesurfagbagter i um

., @A | inalis, CGenella -15 WO U2/ 08s5.t2 PCT/ US0D2/ 11983
o bi || or it DRt e BB PIpEED AR HBIEQedne SpEhARBRIgNT avi um
conpl ex) WERGASHEH FtirdTal MBASrefdYd b @4ckdt B0 At brdttive My RRaFiRS | um

haenophi |'i um Mycobact eri um kansasii,” Mycobacterium | eprae, Mycobacterium
mari num dWadeded etefonling sampdundas saidrfo iMubitiibe feemiation efieigfibns, snd tdyipbibatct er i um

terrae, cobact er.i um t uber cu] asi cobact erium.ul geran Nocar dia spp.,
Pept obc S G P oD DB UL En b iS BB 65 BRI dyfhespiect o
St aphy| ocgCtiSnRicRefmpoTh@HNY EIRERE frttudy _Etié?h’étﬁfn! that s k19 eQReeStheapi ti s,
St aphyl ococcus cohnij, Staphyl ococcus epidermdis aphyl ococcus

haenol yt insmber of eygayiswe dat aadhidheraios, St aphyl ococcus | ugdanensi s,

Staphyl ococcuspaagthar oht BN, AN REAUSARE AR i 4Rose

St aphyl ococcus ‘schilei feri, §Pap yI'6coccus “sim | 'ans,  St'aphylococcus

war neri , dolvirphiyibiste atettsackiylties ik, cafsiadant drnoaeumpliogatdni thaees(d@ationtorB
streptococcus), Strept ocg}gcus angi nosus,  Streptococcus bovzs, Streptococcus

carti%, IPABIIARGSQLhamagtralihis: 4 Bpalterstataserrirpnmet Gan baraptiend eIl i or
St rept oc %géfé a%‘m;iﬁé"ssare §£ﬁi§{? 59&@&%@ oPﬁﬁH@{rﬁf htedfdd t%tére&[?fe%‘fa%%amoﬁﬁ nes
(group A streptococcus), reptococcus sali'varius, StreptoCoccus sanguis.
15 The t esprrdtidgacemegdodtores dffice,erlicapitdl soan, awlta factongmakied nedical équipineat eri a
characterized by the pre ,erlce of a dou@l e E%‘i%r e surroundi ng eac

bact eri al g &} PX § esatigeliepuireysaih Sgther AN SRVITARINERIR Cap B bact er

cal coacet; : j i i t| j s
By ophi T e A B TR Do A e XS gl 5,
Bar t cifel | Suchaciivities mchue foodBurcatsing) watesppification, mpfl isanitatiogdor f eri , 20
~ Branl zanel l a catarrl,zal,i.s, Br-ucell .. Canzpyl abacter spp.. C zal rnydi a
pneunt oni ae, CAt alaR/fita S it mitsd Korinlareea s uiRy R acy Hht s ot

Chr onobacfighg tissuel ahakaidifcludd ﬂamb@}@&@fvc_a@,BerctsEh&Qfaz@bé@ 176 d3scAddRat
Ent er obact er _aerogerzes, Escherichia coli, Flavobacteriunt
nzeni ngosiapi liyingAissyasdebabeaarderialized. As anexntmplezhangrafisganbemrocgssed so
Haernopl zi | us spp., Helicobacter pylori, Kl ebsiella spp., Legionella spp.,
Leptospira spp., Miraxella 25 catarrhalis, Mrganella nzorganii,
Mycopl asnta pneunt oni ae, Nei sseria gonorrhoeae, Neisseria rrzeningitidis,
Pasteurell a nzul toci da) Pl esiornonas shi-gel-l oi des, Prevotella spp., Proteus
spp., Pr-ovidencia rettgeri, Pseudononas aerugi nosa, Pseudononas spp.,
Ri ckettsia prowazekii, Rickettsia rickettsii, Roclaalinmea spp.,
Sal nzonel l a spp., Sal nzonella typhi, Serratia marcescerzs, Shigella spp.,

— o, o o o, o o — ~ o~




the nol ecul e or conpound is polar and another end is non-polar. -16 WO
02/ 08S5-t2 PCT/ US02/ 11983 The term "polar" is art-recogni zed. A polar

conmpound ‘@9%@’1 D%I substances with asymetric charge distr cb]:g{] 09;]198I3n

general , ar substance wi |l dissolve non-pol ar es and a
pol ar Su%&ﬂ:ﬂ‘éﬁ:‘ 11\’)’11'J |cefll Er%%ﬁ‘lg &P‘oﬁ‘tr oTRAGEME Sfpe & &talﬁ’é@ttggerv@aspﬁ’{eﬂ{ la e
subst ance, " di Ssol V&S ot her po al “substances. An anphi pat hi ¢ conpo has a

porti on wii oigréwthsofdohe fioe ahosaq%mmh%ekampie,sqauaaﬂiy acquonng @malwlanbh is

i nsol ubl e aqueous sal.yents term and" refers.to_.a.c ound t hat
bi nds ot BACSELRRaH oS varrite wEparions A Sar BT (SR thaY Bt feeline. an
at om of adﬁho%'eéﬁ%ﬂ& d@ﬁtﬁ?ﬂheﬁaﬁ@@ %ﬁﬁ@lhn%anwglﬂ%ﬁﬁamaé%ﬁbhﬁﬂg hRifRiQat oms

) ar e boron, nitrogen, oxyge phosphorus, sul fur and sel enium The term

"el ectyr oncmwndndntawrlmgtegn oupplants careb@gmhzéd;b the enties spectruna nfimddinaltdsyiced t he

_ tendency o a (igo tuent t attragt val ence el ectrons from nei ghboring
atons, | en £ SERe &t ronegative with respect to neighboring

at oms. A quantrﬁe ehi qnf&tloﬁmlclr@afgmgﬁs eJreGifeHdubhidhes adtudl Kasiabifelst Y 1S

given by the Hammett sigma (a) constant. This well known constant is

descri bedto|dnsqaeﬁgausleg@r epid utmgﬁactemt(mnbléngGrawamgatwmvhﬁraeupngwm| c

Chem stry Y, 1977 e 251- 259.

IS The PTG A da0ee g G rar o helitiroe PP deadon donat  ng

grou p1s) { aégtllermis)OERRrdcOECNHB) (Ei ﬂdzc | BdeM@orhéas 8p 8@ b&DgiMokd)IEaWeAghigr OUPS

(6[ P 0.78 for_a nitro rou fﬁ? indicatjng para substitution.

Exenpl ar yspe(@ccnllbn”we@tnm IRA wgaéqllé b@m%@n@@émﬁl@mdldaadlymwb oiges and

sul f onyl , %I uoromet hyl, cyano, chloride, and the |like. Exenplary

eI ectron donating groups incI ude am no, nethoxy, and the like. 20 The term
“al kyl ™ refers“Medichialevizd? cedtrs 0d a aad-ubtataly czbumping objecothatip snseftecdudi ng

strai ght - chal n al kyl _groups, .branched- ch in al kyl groups, cyclopalkyl

( aL i cycl i EPlgHedipsd subige) pr pbist 9 %.ﬁlé‘éacey P SBIRSH béew%ﬁwa%yepeép RY|
substj4 Uta?ﬂa@étﬂ{lﬁl%&ﬂgaxbéé Hlal%gfseﬁaEﬁ@ilngn&%&wEélia&msa?&gﬁl él%% %Jgt?f(l@qg_f,

br anched chain’ a 0 or teer carbon atons I n
Cl-C30 f omotsmrmalghfoun& aiithjn B8-hGRAnHody. bEmnpi&doﬁ:ﬁuéymers usefdl imfatricabing

r ef er abl 0 or fewer, Likew r ef rred c have 0
Ear bon at CReVIRES e ‘ldﬁdu P‘ﬁX‘E’G’Eé‘S S ‘F'-ég 1°ﬁd%9£:ya§my‘g"%“-ﬁ
car bons r rwi se

'd}';bly&%erE Iﬂ%gﬁ/(ﬁe’l:beﬁéfé I'oly alrl'ﬁh@ssz FnyB@r IUﬂ'IEHFer P Puﬁﬂfaﬁ@é’%oly%th%elﬂe W

specifie | owe as’ used means an af kyl group, a3 defined

above, bupolhmaﬂlgarbcthmeom@d}@tmemphthdatermd@omphannesbIMedlcairdlemmes tam si X

carb its struc ure. Likew se, ' ". and
o\ 5% pe Borisdied BFite PaTiE hARRI LS orRoS S ERLs ouliR e s

Iower al kiherialsh Agra@lf@cﬁﬁlgfé 8 KA VATRE ban befaBéldd E}L@aﬁblﬂﬁglagf@tea%omﬁel n as

al kyl is a | ower al he term "aral kyl", as used herein, refers to an

al kyl gr ohﬁ@rtsmb@thtky@eaffmatmn appazaiys ukipbupficiel materials. Maghieal feviess can
het er oar Oﬁﬁ%fud% a%’ 8818‘))11‘1&1:101‘1 of artificial materials, combinations selected because of the
particular characteristics of the components. For example, a hip implant can include a
25  combination of a metallic shaft to bear the weight, a ceramic artificial joint and a polymeric
glue to affix the structure to the surrounding bone. An implantable device is one intended
to be completely imbedded in the body without any structure left outside the body (e.g.
heart valve). An insertable device is one that is partially imbedded in the body but has a
part intended to be external (e.g. a catheter or a drain). Medical devices can be intended for
30  short-term or long-term residence where they are positioned. A hip implant is intended for
several decades of use, for example. By contrast, a tissue expander may only be needed for

a few months, and is removed thereafter. Insertable devices tend to remain in place for
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-17 WO 02/ 08ss~2 PCT/US02/11983 The terns "all:enyl"™ and "al kynyl" refer
to unsaturated aliphatic groups anal ogous in | ength and possible

substi t uty,89,h8ksihe al kyl's described above, but that contgi l.east one
doubl e orwtarlz/p’f%&%ond respectively. The term"aryl" as us@%ﬂﬁg‘?/elilﬁ@'i ncl udes

5-, 6- anghoferBmbeman ipRslabledetiges i0p@t bétabseOheysing éd moBy/contet Wele from
zero to four heteroatons, for exanple, benzene, pyrrole, furan, thiophene,

i mi dazol emicxeigatiens that egnsiobonizatheiol e, pyrazol e, pyridine, pyrazine,

pyri dazine a.”dn?%{ehﬁ?“g'dl{?@l{a” £ sttg]ﬁlelabﬁf;( toﬂ%@%&eﬁ%&’ Br &8&%‘1’\‘;&1. ha,\,” ng
heteroatonms in"The ring structure nmay a So be referred to as "aryl

het erocycl es" Tle tehat ‘surte’oomtsuefaces” ¢emasioamt suefate o) acpumateeial; ikedidingit ed at
~one or_nore ring positions with such substituents as described 10 above,
for exanpglass; plastisgemetalsy pelymers, piyd likea ft-papyncludg uefaces copstpietsdi out e{moral ky| |
_ hydroxyl , |, 4+ ari@f s N ydryl, imno, am do, phosphonate,
phosphi natthg%l 5@%%{’656#3“&2%?"3%%?% %ﬁ% , ether, alkylthio, sulfonyl,

sul f onam do, kBiofive,foahahywieh heakh émplidatives cmyialglve thmsosmfaces iarall health-
heteroaromatic mpieties, -CE3, -CN, or the like, The term"aryl" also

i ncl udes ¥ tgﬂcwlioemﬁmﬁgmglyétngﬁgg\'m3ﬂgldtlweé_}camvgoewﬁsen3 it%j_g SYRRACERI ch
two or ”pann&%t' 0P PR cAOIFBR ROt e AflioRlddi iR tadsk AR 16 \Rsdrid R ar €
"fused rings” ereln at l'east one of the rings is aromatic, e.g., the

ot her 1@y cwell-beingdikematritiva, sapcthioad dnd the preyeitmal dfemsegbse, cycl oal kynyl's, aryls

d/ het | . The t t d ) ly to 1, 2-, , 3-
and 1. 4. i subshmego e et 9Ebes arysdtes PR orRRL o i of
1, 2- di met fulibengs NsingAtoehig; SbaRL BYIRERZERE A6R of g%sa{]gwﬂmﬁas lighe term

"heterocyclyl™ or "héterocyclic group” refer to 3- _ menbered ring
st r uct ur esthylene exige expasaisl Wusfacasdomdipmticad envirnpsyentsioslade thagnmer andt ur es

i ncl ude one to faqur,heteroatons. Heterocycles, can al be. pol cl es.
Hot er ooy PO FPETHEE YATIONS TBUOREHS aRa fpness, VAT R stiR PETFRAER Y ©or an,
pyranis i spiessdhiss aBxampled RNRle thAEHhefRctrdh dThRTcHIBbled forRiédicH] @se,

I m dazol e, pyrazol e, isothiazole, isoxazole, pyridine, pyrazine,

pyri m di ndcluding s¢alpelsencellsadicisgeraand piver dayencs usedis dneasive gl dherppautine,

ui nol i zi ne,. i s ' kne;. : g ' : ZiNe. . [, dl
i noxal 1 PEteTRHEbBRHHES: ifhlsBRbleRe AT AE R AR SEh Sasoels,
phenant hr tghdiers afé bildt O&sicas)or thi edmeval phéstiastyndfdluidieto patieig zirtifial hearts,
phenar sazi ne,  phenot hi azi ne, furazan, phenoxazine, pyrrolidine, oxolane, 30
t hi ol ane, awifigiabkidneys, pehonsdicening pltasapfl iraplapisy piaters @nd phet phes(ingludingns
such a el : el g1y =R i ke.
The h%?er é@g@éég%ﬁf%ﬁ@éﬁﬂ%&%@%@%&: ‘?@3@85 ’Eé h%ne c%¥ %&@%?@@Pgﬁgﬁg\n th such
subst i t uecdthetars, dielsysis ichtheteshtong terastuhngledxentgal esnonabatheers, garipyibral vemmuky| |

2L TN NS I G I A M L
car bonyl , ggafRY kathstetsy brind?} R&heters, peritoneal catheters), urinary devices (including
long term urinary devices, tissue bonding urinary devices, artificial urinary sphincters,

25  urinary dilators), shunts (including ventricular or arterio-venous shunts); prostheses
(including breast implants, penile prostheses, vascular grafting prostheses, heart valves,
artificial joints, artificial larynxes, otological implants), vascular catheter ports, wound
drain tubes, hydrocephalus shunts, pacemakers and implantable defibrillators, and the like.
Other examples will be readily apparent to practitioners in these arts.

30 Surfaces found in the medical environment include also the inner and outer aspects
of pieces of medical equipment, medical gear worn or carried by personnel in the health
care setting. Such surfaces can include counter tops and fixtures in areas used for medical

procedures or for preparing medical apparatus, tubes and canisters used in respiratory
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al kylthio, sulfonyl, |cetone, al dehyde, ester, a heterocyclyl, an aromatic
or het eroaromatic noiety, -CF3, -CN, or the like. The terns "pol ycyclyl" or

"pol ycyclyg o9hR4p refer to two or nore rings (e.g., 5 10, &y/ﬁm«%ﬂll Is,
cycl oal kenyl's, cycl oal kynyls, aryls and/or heterocyclyls) ' or

mor e car bed¥ma:s, iEINHM P e adniRisBakicH o¥ dxgeéi, BESolutiliged drh@@mrﬂeﬁﬁﬁze?sr& qused
rings". Rings that are j oi ned t hrough non- adJ acent atons are terned

"bri dged"anepthglis a@étﬁh Adso nglded argshese sutf@cegmtquedlaé bipdegiea bawissx tot ut ed with

such subs; L S, al kyl,

aral kyl , ﬁ’?‘i?g érggf it ﬁl‘%&)‘g Sgtgﬁéylsuc LN @}%dﬁg%ﬁg@% sul fhydryl ,
~ imno, am&ﬂmonm&ﬂm&r&m mhmwywaab@mefsamomfllatexq@@émmion-lsﬂekybbsedet her,
al kylthi o,  sul fonyl, ketone, al dehyde, ester, a heterogiclyl an aromatic

or hetder o¥iyhiscoaimenlused aspanatergal forpon lgtex|spngical gioaes. Sithersuch wefages @m  as
. used her elh@l’udé RArffISs dnd cgﬁ‘leé‘fogg&?édh& 8{9&?&1 eaﬁlgﬁi%ﬂ[r?ot lﬁtéﬁhed% pospfech each

atomof thering 1s ca erel ITro™ neans - NO2;

t he ter m Abditiogdly, subbsugfacdsean rrElude(ﬂlose-an—stmle d:xtemeIESutiﬁéemof fubek Bydlr yl "
means -SH; the term "hydroxyl" neans -OH an he term "sul fonyl"™ neans

-S02-. ThethercApRaragfowd Inzcps %%‘8@0%9@0&#@1 P dazadrys bigredterds hot h
unsubsti ty tuted amnes, e.g., a noiety that can be
representegggﬁﬁgn‘glgﬁg@g Hforrmla Rno ~Rzo ~ + -N~or - i -Rio RORO
wher elih R9, Rl1Burfavds R cohticewith lignide peendetidul arly pnewaisdfilm frnaatorpeAsnd t ed by

the rules of valence. The te acyl I.S art-r cogni zed and refers to
a mi ety Fgfmp\f% gw;giélesggé;ﬁéapi@bﬁ% a%dgmyr ﬁ@%@%@rﬁu ;fe qs%o%g;g; Sqilfprcar ro

erein al Ky
ol kony 1, oA, BitBiRed BORKR oRhels, Dol RAPHARI MITERLERb0A" 2

02/ 085a. 1RofEY dusthenr mﬁ&&s,Tmewtlmgm resarvalpforicentanuing exntegminatsoh csfst.hasystem
am no-sub%qtﬁtut ed ar boq&ed geruse% u %r?tls m)l ety that can be represented by

t he gener QVSP%BP ACTOSO

15 Sprays, aerosols and nebulizers are highly effective in disseminating biofilm
fragments to a potential host or to another environmental site. It is understood to be
especially important to health to prevent biofilm formation on those surfaces from whence
biofilm fragments can be carried away by sprays, aerosols or nebulizers contacting the
surface.

20 Other surfaces related to health include the inner and outer aspects of those articles
involved in water purification, water storage and water delivery, and those articles involved
in food processing. Surfaces related to health can also include the inner and outer aspects
of those household articles involved in providing for nutrition, sanitation or disease
prevention. Examples can include food processing equipment for home use, materials for

25  infant care, tampons and toilet bowls.

The term ‘Gram-positive bacteria’ is an art recognized term for bacteria
characterized by having as part of their cell wall structure peptidoglycan as well as
polysaccharides and/or teichoic acids and are characterized by their blue-violet color
reaction in the Gram-staining procedure. Representative Gram-positive bacteria include:

30  Actinomyces spp., Bacillus anthracis, Bifidobacterium spp., Clostridium botulinum,
Clostridium perfringens, Clostridium spp., Clostridium tetani, Corynebacterium
diphtheriae, Corynebacterium jeikeium, Enterococcus faecalis, Enterococcus faecium,

Erysipelothrix rhusiopathiae, Eubacterium spp., Gardnerella vaginalis, Gemella
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O,R9 NR o wherein RO, Rl p are as defined above. Preferred enbodi nents of
the amde will not 5 include imdes which may be unstable. The term

"al kylthl\gp()%g.e to an al kyl group, as defined above, hﬁﬁ\'(t/%??% §é}’| fur
o)

radi cal JENEG* T hereto. In preferred enbodi nents, the noi ety

I's repr esﬁz@?ﬁﬁoﬁb’n PBEcMbsioSs aﬁﬂ RW}aobagteﬁJuK%&ssus ﬁfﬁbb&fc@éﬂum @ﬂgm complex,

-S- (CH2) n~-Rg, whérein m an are defined above.” Representative al kyl thio
groups | nMyuallafzctmmhyd:IteIfmme M)thlehumforawatm Hﬂvdabketei i@ haembphitienm

"carbonyl” is, art 0 i ncl des |et|e

repr esent é@cwc{%%‘”b g?sfﬂ' %’5?%(%11‘" eff}aex 3’0?% Lergn mar lﬁ?"i’i%ﬂéfeﬁ”‘% is a

. bond or repneseRLS, H?c%&?zﬂnﬂsrme%m@% M oob@BSrifRh terk 6D NBSBBL SRy dr 0gen, an
al kyl , an al’kenyl, or “a pharmaceutically acceptable salt, R 11

repr esent Eubarczlcszsm}'ﬂ’c@lgwtﬂ luahula¢i‘ﬂy$, ,Noaavcbdr mﬁemCOCQMm Rg, where m and
R d
 ydrogen. PR TEIMRaY papr ecnicbibar Pt b Shlbebtt Qlreid Sdiehes rus

i s as def pneellahesephyldeodmi e&pms StdphyREbRHls EShINCERY ?Byl@éoc@uﬁ@fzbéﬂzy&zs group,
and particularly when R 1 is hydr ogen, the formul a represénts a

" car boxy| Seploerccusiramolicns x%ﬁplwéoyg@#s hafﬁHuRStapﬁyﬁ%owﬁ fuggarensishe fornul a

Formit a1 Spbipecet SRt Qupplifu SREHPoodUEN ProshBudiy SR AER ey ©

gr oup10 WSta@ifoksecids ﬁhlzlzlfzhls" yiIBbockudWaretil Siaphyiotocoy €168, Stiépwcf)@d‘zﬁm a
represents a "thiolester. ere Xis asulfur and R 1 is hydrogen, the

formul a r égrlaeian(grosn'® HIHIQCAPBIS) PIEBIoGRICHS TngineYs Strapiocacaysiboyis, and Rl 1'

hyd hand,
wher x| ShepBld LI RrbBLERREL QS ORI Strlhdoplu BflF, N7
r epr esent Szraozokﬁcmumgx cﬂwrkptdt\b@me p)teum;ﬁad;@ﬂdpto&nduﬂbyo;geha (g;mipocgen, t he

above formula represents au ehyde’! group. The term "al koxyl" or
"al koxy" SECRIRKAGCYsdr TeﬁtqcéF%‘IS§a ‘@”é‘ﬁ' ST9BYCORTUS IFEHS defi ned above, having

an ox n radi % I £sehie I ps include
-20 y\g}\o 02/ wggéﬁ%é /US%&#?%%%ag%{gﬁ%xy, tﬁ%%ng,&dglf’%‘g?%’)?%ﬂ?ert but oxy

and the | ickz&actémlzedéiyhhﬂs pre’smce\mﬁa kiwiﬂ@mmbmms sunvaﬁchmg kachltianfesal dell. an

oxygen. cordin t he substjt uent, a al renders tha al,kyl an
o haT < EePr i iR et uindbad e B the i aeanian A e Ty

- O al kyl, ac%;%%@ﬁé’ncomﬁbr?sl W¥rlonas fpds %M‘Mmh dﬁ Jo80:30hs RBudbiBiddgscr i bed

above. 5 The térm "sul fonate" is art recogni ze i ncl udes a noi ety t hat
can be repueentedrdgylis Iﬁ@itgedérladczlfzﬁwmﬂ 807(@elllalsppLBO@elmbmﬂeh‘eml is an

Cosy! 2B nelrinanlixcaleigf hheos b, Sivader b ChalpiggPhgnoric '

trifl uor orsHINRNRS plift8ny Chlaimy iR HRRes IS ThYdmobRIMRRESBIdbany,| Citrabgkter
nonaf | uor obut anesul fonyl groups, respecti Veeé@”d?T e terns _triflate,

t osyl at e, smsb;qkarzeéla canwdeiesn Eniesahactgr genpgenas Atiohia cathdlneabgeterigm
trifl “Oggg‘?;g%g z'czfa%,” s%bc?c% iy ﬁgqtﬁbé#‘r‘ée})‘%?f#& ;@h‘;@ﬁz%eeﬁ&% &;h%& pesul fonat e

ester, uor ob anesul ‘erest 1ronal nol ecul es

that cont #Hdhcébdcter @ylblﬁpxlebfs%la@plb iE@ruynellZz&pﬂ' bBe}ﬁhipli;ez\sp@L IMHTBJLéMa Et, Ph,
Tf, Nf, Ts, M represent methyl, ethy phenyl, trifl uoromethanesul fonyl
nonaf Rdor éatqua(wéwrf«?'@ﬁwﬂa 'ﬁmf&gww@%qmlqsewwnewﬁamﬁaf#a%ya BPBRy froeae,

respeot iV alosery WA g ARRENERSIN Fnddosilty Pleli DoAY BUNBIDT bl 559 DY

organi c chemsts o I'nthe art a first rssue of
each vol uReotels sgpe Rroutlevadia editgerigBrendomaversiaeruginosahPseullosondssppy Bickeltdiy

present ed plrgwgze}aa}%iceke%?italrtz;clkgtgsiz§5€g&%?zriagzea spp., Salmonella spp., Salmonella typhi,
Serratia marcescens, Shigella spp., Treponema carateum, Treponema pallidum, Treponema
30  pallidum endemicum, Treponema pertenue, Veillonella spp., Vibrio cholerae, Vibrio
vulnificus, Yersinia enterocolitica, Yersinia pestis.

An amphipathic molecule or compound is an art recognized term where one end of

the molecule or compound is polar and another end is non—polar.'
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20 List of Abbreviations. The abbreviations contained in said list, and all
abbreviations utilized by organic chem sts of ordinary skill in the art are

her eby i aj,ed by reference. The term"sulfate" is I,zed and
i ncl udengBE)rg%%z that can be represented 25 by the gene?lgprg@ﬁrggg: O (I

-O-1i - OR4I O i oMb Fpbided ik artaScddfizeBed RIS BmpbiLd E&iiaths fibsfafERs! @ithno" i's
art recogni zed and includes a noiety that can be represented by the general
formul a: asgmmetigrhazgO@stribgtioRAR gogei2], 1®8Ppodar|shbstancs Wil @iscolvh eon-polar

"sul famoyl ".is art-recogni,zed and.includes.a i e t hat can be represented
byt he geRelaRehGhEIPRA bR Wit i lE ARl mielesdd, hiwalfl gl B used

_ herein, rafihaficd QisSol0B Gthdr foldlsubdihcls AreRhSISERhRERMpobREn 4 REén dAIcHUI a:

O Il 11'-"R44 Oin which R~4 is selected fromthe group consisting of

hydr oden, isablaple in afweony isolventi.ang la porijan whick yd insoluble rgegous yolyends.y| , or

. heteroaryl. 10.Jhe tet.m "sulfoxi do" as used herei refers.to a noiety that
can be represerﬁl?egtgngy{lgmdgd%ﬁ?gﬁglacp ﬁﬂ]img&latoblﬁdﬁ aﬁg@ RAP PR Rhi ch Rdqg, is

sel ected from Thetefth Ohgteaitei Sdsiuded Bérein\tadaag e atol Efdny edrk@ibther Blakyny!

cycl oal kyl, heterocyclyl, aralkyl, or aryl. 15 Anal ogous substitutions can

be made terbATkeHprregss. Brafomed haprontoms e’ parerutiEosanopx xarBmitosphorus, sulfur
" noal ky it Sl o S S s Rev AU ARRA LS R RRnRR b e ot RIRRERY <o
al kyn\ s. the tendency of a substituent to attract valence electrons from neighboring atoms, i.e., the
substituent is electronegative with respect to neighboring atoms. A quantification of the
level of electron-withdrawing capability is given by the Hammett sigma (o) constant. This
well known constant is described in many references, for instance, J. March, Advanced

Organic Chemistry, McGraw Hill Book Company, New York, (1977 edition) pp. 251-259.

15  The Hammett constant values are generally negative for electron donating groups (o[P] = -

0.66 for NH») and positive for electron withdrawing groups (o[P] = 0.78 for a nitro group),

o[P] indicating para substitution. Exemplary electron-withdrawing groups include nitro,
acyl, formyl, sulfonyl, trifluoromethyl, cyano, chloride, and the like. Exemplary electron-
donating groups include amino, methoxy, and the like.

20 The term "alkyl" refers to the radical of saturated aliphatic groups, including
straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups,
alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred
embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its

backbone (e.g., C1-C3 for straight chain, C3-C3 for branched chain), and more

25  preferably 20 or fewer. 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.
Unless the number of carbons is otherwise specified, "lower alkyl" as used herein
means an alkyl group, as defined above, but having from one to ten carbons, more
preferably from one to six carbon atoms in its backbone structure. Likewise, "lower
30  alkenyl" and "lower alkynyl" have similar chain lengths. Preferred alkyl groups are lower
alkyls. In preferred embodiments, a substituent designated herein as alkyl is a lower alkyl.
The term "aralkyl", as used herein, refers to an alkyl group substituted with an aryl

group (e.g., an aromatic or heteroaromatic group).
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As used herein, the definition of each expression, e.g. alkyl, m n, etc:,
when it occurs nore than once in any structure, is intended to be

i ndepend dJs definition 20 el sewhere in the sanme st qodat W
o undor S aBbmIE TSLhotl ot on Cor moubeti futod wine i FfusRdk

inmplicit provigg tteﬂﬁé "a‘-’ik%%l'%ﬁs'hfkygili' fer 1S uhé‘a_tﬁi‘éfeﬁraqiﬁﬁﬁﬁz %‘l’bﬁﬂ% aﬂﬁfogi)ﬁstiﬁd
val ence of the substituted atom and the substl tuent, " and hqt t he
subst i t ut lengthrang pbsssble substittiah te theatiptadederikedpbovebut thaticmtaimat least one

spont aneousl y underqgo transformation such as by rearrangenent, cyclization,
25 elim niqu&?ﬂ@i’{?. Ong 3eSPERRC2/ 08ss~2 PCT/ US02/ 11983 As used herein, the

. term "substi t utedierth YaPHsFBd Rdrefl ihQud RS- Ul enallm@abdrts sinBleainpURshbfisient s
of organic conpounds. I'n a broad aspect, the perniissible substituents
i ncl ude agpupd Wbatamaly ngbide dtonpeein hiyr heteroatomtsa i lssanpleabansenes bywoland

_ heterocyclic, jargnati.c .and, nonar L].C1 S |t . ani ¢ .conpounds.
1l ustrat f"\r/aeﬂ’ %hd%@}ep%”dglﬁ?aszg}ehg’fa%age?%%%z(r&l%H‘ga%éfmgéoﬁﬁ%&g%&gs@ﬁg%%% herein

above. Theyrilaritic 368 Bl Smdiis bhd URNike. Tadsd¥ylOReuhavhigthetircatbie iSMERIingr

different for appropriate organl c conpounds. For purposes of this

i nvent i onstruckie Ry afsofedpisrisd éhasy ey ibetersapleresy "Retoroaripaativse nl ke ssemptiGient s
d/ HEV' . N ; oo
which sat T ST G ieadPsAc dulfilind poRiBALY fin SRRANAHTL ACACIGARieq ! ! 7

i ntenped ipvbefol exanisie, Hatogenyazideaieyl, byalkyhelkenyh atkiyhgls ¢ ylealispsftdroxignt s of
organi ¢ conpounds. The phrase "protecting group” as_used herein neans
t enpor ar yalkemds amigenpitoysyifaydiyt smine; amideoplasphenats, phesphinaite catherti onal

group fro k ] j ) f ch protecting
o oups 1 reptdR e R lo, LURAY A0IRARG, Koot BB aB ool 01 o, “and
acet al s ahderveyddyls aiatik de hgtekearoamdic loadietiess-CHze Sfid cdri thelie. Theatefm Ergtl"of 15

protecting group chem stry has been reviewed {Geene, T.W; Wits, P.GM
Pr ot ect i vels@nsindss pelyCyaliaming sgstemb bavisg tvomer wdre; cywli¢ Bygs iNevhiototwo, o1l mage) .

Com ST 2Lt SO AR, o MiRo ST B B AR bl
proper t i egnd dranehigd 8 atbmatfcUB gt HRHHG cggli@ﬂx?sgﬁﬁ‘ib@ 8YcloaMegE &dyBloamengs, mor e
m

sinple variations of substituents are e which do not adversely affect
the ef fi cexpjoadfynylse anyds md{mdeterpayriythi ng to opioi d receptors. In general,

1 ustrated i nt P s RERRya s R SENIRAL LS Y el OR0 BELAREE

illustrated in enerdl’ reac n § as; escri

bel ow, or rdgyechivellyf Foatimise thefiands, 1,2 dinghylbatichy aaV@iAadineisiligshkénttare
materials, reagents and conventional synthesis procedures. In these
r eact3bnsSYNORYNQUSR| so possi bl e to nake use of variants which 25 are in

themsel ves kn O’fﬂ%tepxﬂg "}I?Jtirfag}gbtlylmgpﬁﬂe@?@cﬁ'cﬁ@ ?tf%lug ety @pﬂysﬁﬁm%;nbra&id%nlgh o

i nvention, the chem ca enents are | dent d 1n accordance wth
Peri odi c dialzheegnindrbprdftrebiyrdt &g 7-GATbeesdsings, whissedbgatructuréshsstidst one tand

present i FRHBHEFBAE. dirEeb U D TmPElHSr BHPeRoY oRpdate or ©

example, thiophene, thianthrene, furan, pyran, isobenzofuran, chromene, xanthene,

25  phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine, pyrazine,
pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, purine, quinolizine,
isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline,
pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine, phenanthroline,
phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine, oxolane,

30 thiolane, oxazole, piperidine, piperazine, morpholine, lactones, lactams such as
azetidinones and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can
be substituted at one or more positions with such substituents as described above, as for

example, halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro,
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of covalently attached anphi pathi c conpounds. In certain enbodi nents, a
surface of the present invention acts to elimnate airborne biologics on

cont act . Lain enbodi nents, a surface of the presentj i acts to
el i m nat e\b%?@{r"ﬁgfr ne biol ogics on contact. In - 23 WO '6%%5@2‘1%{3

PCT/ USO Zléhiiﬁﬁ@ryﬁ S, Bm‘?d@?%éﬁﬁ?ﬁal%%)ﬁoiﬁﬁﬁﬁa@é} %meﬁn}blb@argéﬁﬁ,%nm, ieﬂlxéggt ion acts

to prevent the formation of biofi . I'n certain ‘enbodi nents, said
coval ent | aikdthiaehifdnydnitenea aldekydeoesteyumbeterocyclplo by aromagioop hétsioarpnzatieoni um

ions. In a preferre nbodi.nent, said polyner has a 5 nol ecul ar wei ght of
at | east 1S Oﬁg%rfg:lN,e’Oﬁ’g\eé&gr eferably 120,000 g/ nmol, and nost preferably
150, 000 g/ mol ..l n_cert akn. ephodident s, ..t Sur e of t Iy nt invention
is glass. In C"Jél}e[ Fiats &%Iy c@?nb(gdgﬁlg%}'csl{c g? ﬁu lé' 81};6? g?ctg%o r rg%blgggeééit

| nvents ongyicfoatkyld, @5é1bMkerylTs, dydladlk B d, afyl Carapsh Hoenboyctyl® is whicha®ok nidie
. present invention is an am no-bearing glass. 10 In certain embodi nents, the
conpound %EERAISEFR $omBeR el asieinBE Sings.fc. the ringparss Exved gngy. Rivesthataie a | ;

RRR\/ J. ' ! {.s. | AV ) h
bccur r encef ohifinbhopdid R Wl ShfhefubRARBEN Sndeh balh B el BEWEEED,
a: toxyfarlkxﬂytl;ycle aneauyaimitbd wyth sudasubetitasntd s desckiyddatione, asdorydxampie),

al koxyl, acyl oxy

hydr oxyal kyl , al koxyal kyl ,. am nqQal kyl, .(al kyl am po) al kyl,
thio, al Kjalegsneallylpralipskialkenyh alynyl Fxf)l%alfixh hyég‘%ﬁmpa, nlt(:?»esé}ﬁwawgur ea,

sul f |- f ' | ' OL: n - R
repr g@éntlgﬁ #J?fdaﬁe{ggzr’f?élr?ﬁﬂ filg%%g@ﬁn%g’c‘%?@g é gh li'}lgig{/lf ,Ell}g’zétgﬁk%/q{ﬁﬁ%’e tether to
a 20 sur fadenyloketane, abdehydes ehter, atheteeocyulyl, anarordaticapriesesdremativchapetyjent | y

for each ggccurpenc , Br, or I; and nis an integer less than or equal to
about 150 1_:3’:5%6, or ﬁlecﬂke.

The term "carbocycle", as used herein, refers to an aromatic or non-aromatic ring in
which each atom of the ring is carbon.

15 As used herein, the term "nitro" means -NO»; the term "halogen" designates -F, -Cl,
-Br or -I; the term "sulfhydryl" means -SH; the term "hydroxyl" means -OH; and the term
"sulfonyl" means -SO»-.

The terms “amine™ and “amino” are art-recognized and refer to both unsubstituted

and substituted amines, e.g., a moiety that can be represented by the general formula:

R|
/RIO | 0
— —N—R
N\ or ITT 10
R, R
20 9

wherein Rg, R1¢ and R’1( each independently represent a group.permitted by the rules of

valence.
The term "acylamino" is art-recognized and refers to a moiety that can be
represented by the general formula:
0]

_T—JI—R'11

25 Rq
wherein Ry is as defined above, and R'{ | represents a hydrogen, an alkyl, an alkenyl or

-(CH9)m-Rg, where m and Rg are as defined above.
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WO U2/ 0855. 12 PCT/ USU2/ 11983 I n a preferred enbodi nent, the invention
conpri ses Pol y(4-vinyl-Nalkyl pyridinium brom de) or

pol y( net ;\gf‘)ro?/h?*éé)xydodecyl pyridiiuum bronide) (MDPB) covg é@@%‘bﬁ%% t ached

to agla In anot her preferred enbodi nent, the |

conprises an Nrgd feyhah@ghoP H aﬁf’ecagrﬁxéd Rl a%lﬂ&ku&ﬁﬁﬁé@fﬁrﬂ)dhy%ﬁ@ﬁl@ﬁﬂeé p a

gl ass surface. 5 In certain enbodinents, the biologics kill'ed on the
surfaces mbicthiaat cesttmrrepicsantedttiyohe genemalfarndei a. I n a particul ar

enbodi ment, the bacteria killed are G am positive bacteria. |In another
particul ar enbodi ment, the bacteria kifled are G am negative bacteri a.

Modi fi cation of surface containing tive amno groups In one enbodi nent,
" the surface is nodified by graft copol ymerization. In this case 10 (Method
A), the surface is prepared by acyl atlnb a NH2-glass slide with an
~acylating agent to |ntroduce doubl e bohds. In part| cul ar enbodi nent, the
acylating agent is acry a@ﬁchl oride. This is followed by copalynerization

with a cowmryweRsP zR]rogarag% ned gbovs, Frpfewred gmbpdimenipraf dns@mida wilkghi | i zed
pol y ol yvinyl pyridine, PVP ,was found to afford approxi mtely
t he sas[‘re 1S 8!““5% “X‘éﬁ;‘I% X %’E% cells after spraying the bacterial 15
suspensi on ontppd fe%ns'ﬁlkfyﬁﬁi%" aterd 1@ hdhityNHéns 13 A8fisdd £Rve, Halinklanalfustep in
creating the surface is to introduce positive charges into the polyner

chai ns at tadishkaftacbedjthasto. BqreferadrpinbodimieptsPip "ﬂyyithiphmomty\g;sepmyem@l by

or opy! ¢ cotSEASaRbT S 4RF St B < TC ity é@a%eﬁ‘p e e 2oy | O

et hod t et R RRAMNGR NI LbNSahbia2hAARD Sy 316 hall 18ha1 N

pol ymer s ace. ere e sur s were exam hed with
respepi to theThe &hhl"biﬂooﬁyl"l@drtl rem‘gxmﬂtaadhncﬁxdeauucﬂa@sleﬁed dszafipeayed on
them As seen in E g}u?;g rop | at ed, butyl ated, hexyl ated, and octyl ated
i mobi | | zZE#resesed Ay @fPEective in markedly reducing the nunber of

vi abl e bacterial cells, wt h bhe nost effecti veg hexyl -PVP affording a 94 t
4% 25 reduction (right portioff of Fig. Inc trast, the imobilized PVP
N-al kyl ated by decyl through é’dgn:yl' 1E)m'dé B'nwel | as the

non- al kyl a al n re t ot al ineffecti . Thi s  behavi or
pattern i‘eféﬁ’r &3 apgn rl‘?P‘Eeﬁ“é“ UEThphR ’éﬁc@d&?m%@r@aﬂzw hydrgsen, an
PVP- sl i desl V\hl I

hexadecyl @(le]ﬂc’)l c@gzﬁ tEd dec %ef!fcgfoatfﬁgpt%tgﬁgag&Hcrgp%?fe%‘f)ﬁ nm

Ad P Adoo =
0" 09 1 anfitiBedh gt a%‘%@éf 9 Riv e allER ENGR ety 100 2
< 0.002). vm?e Xh@h&@'bf‘}ﬁ‘g%% ah@R 5ok R’ﬂ% YOy RERh SR FSn /1 9f PR AT ah NGt GUr f ace,

Where X is an oxygen, and Ry is as defined above, the moiety is referred to herein as a
carboxyl group, and particularly when Ry is a hydrogen, the formula represents a
"carboxylic acid". Where X is an oxygen, and R'1] is hydrogen, the formula represents a

20  "formate". In general, where the oxygen atom of the above formula is replaced by sulfur,

the formula represents a "thiolcarbonyl" group. Where X is a sulfur and R{1 or R'{ 1 is not
hydrogen, the formula represents a "thiolester." Where X is a sulfur and Ry is hydrogen,
the formula represents a "thiolcarboxylic acid." Where X is a sulfur and Ry1' is hydrogen,
the formula represents a "thiolformate.” On the other hand, where X is a bond, and Ripis
25  not hydrogen, the above formula represents a "ketone" group. Where X is a bond, and R11

is hydrogen, the above formula represents an "aldehyde" group.
The terms "alkoxyl" or "alkoxy" as used herein refers to an alkyl group, as defined

above, having an oxygen radical attached thereto. Representative alkoxyl groups include

-20-



first two fornmed co

w th such aggregates apparently being unable to interact with bacteri al
cells. The non -25 V1'O 02J08SS. 12 5 10 PCT/ US02/ 11983 al kyl at ed

i mmobi | i > _chains, as well as those nodified with |o I ieties,
may sti césﬂgggéaﬁ]ot her due to hydrophobic interactions; P%T@én lrl%gsg?, in

i mobi | i ze@hBYE, ERRdiysropRixk] tef-bitdxy m0 9 liled, kath "@haU Rstwoty@iodaitog§ act i ons
are not strong enougf‘u to overcone the electrostatic repul sion of the

posi ti vel soveleatly dinkebby we pxygeus Aegomingy, {mgubstiasrier on ehyi Brbrenders thet as
t hat by, net h h e f hi ) q
anot hor -Gk W eins 8 echlet QFaRBENCHLGaF Bon RlreBlteafig DY ol gL AER, 16V

G am negaﬁlkme}d,b@:m{yhya, -(=(CHO) f,-Rep) Whbre ra@nd Bign@s descibédabrsti gat ed. The
oni es of the same size as S. aureus (Fig. 1, left

porti ah) when %he teymd suforlitd?-ighasoghizetband inkledesssmbieey that canibesemEsdited
~aerugi nos vl\l%re | ar ger g;;t still distinguishable. As seen in Table 1

(met hod AYY thergeneta U8 colonies all three bacteria formed after spraying
onto hexyl - PVP-slides dropped nore thap 100-fold conpared to the plain
NH2- gl ass. Table 1. The ability of hex{yll -PVP attached to gl ass slides by
two different nethods 15 to kill variogs @aborne bacteria on contact.
Percent age of bacteria killed Bacteriufm Gam Method A Method B S. aureus
(+) 94 ~ 4 94 ~ 3 S. epidez-zzzidis (+) >99 >99 P. aenuginosa (-) >99.8
>99. 8 E. wowhich Ryj:398n eledrompain bydrogers mbkydiioyelotlkyt, loe aglir f ace is prepared by
al kyl ation of the surface using 20 hal ogenated al kyl groups. These reactive
al kyl- groups afbe temaa tiidddtopls masylaadrnonetlyifare pé-reasigpired andrredergel yer

chai ns, we e t | kyl i ne itive charge. This
met hod” yi disoql?%ﬁ%tﬁ#@esgﬁéﬁg e’gﬂlge&llgg‘}%)glﬁiégj e%lgaﬁﬁgsﬁr%ﬁog 9IC glgcgl ently bonded to the
surface. heMafRsabRtaesufoblyPerolisis tespedtidelyWatheatrinsl tfiflewd, ok ¥lhte, mesylate, and

1, 4-di bronpobut ane to introduce 25 reactive bronmobutyl groups which were

s Ebs eque ?twrgaﬂagee%ye prreeqgaized pad rfene tigfugometimpesufonate seen ﬁéolyé@,qsulifw;e i
o ho ; _ .
heyt br s e RHERER MYy Bh AP onddiErRIRLBRIINGAR ciidf hREfiolh Brots BAEC

cel | s wer enod¢uuley @ht cantaindvaidegtoumn ebspedtiveliyed, the resul tant hexyl - PVP- sl i des

(henceforth referred to as those_prepared nmet hod B) | ooked essentially
the shhe as shdWh2Pbreyigons MaEtnbhtT oREGHS %depremt o ethvipphenyl,

PCT/ US02/ oxﬁétﬁbfﬁé%}lﬂ%onmglﬁﬁofélgfaﬁsI}g@r'lx}g,l -%ﬁuﬁeislﬂf‘on P?n 3% of the

deposi ted aureus cells "were t colum, 1s i ne, of Table
1) . The noiettanksulfonsl, gispeativetyheA munotirhprzkehsivellistref theabkbrtvanchstwilized by

[ f h i i al i h f : I
|h(rarg §|r E gckpg%;l@gchgmg%%&gqaﬁﬁé{ : i1l Pnr t?lg glr'ttalpgesarso {n the %rs% &]srsuéfjl gfe eacﬁ%glu%%%hee a
Journal of Organic Chemistry, this list is typically presented in a table entitled Standard

20  List of Abbreviations. The abbreviations contained in said list, and all abbreviations

utilized by organi'c chemists of ordinary skill in the art are hereby incorporated by
reference.
The term "sulfate" is art recognized and includes a moiety that can be represented

by the general formula:

—o—lsl— OR,,
25 o
in which R4 is as defined above.

The term "sulfonylamino" is art recognized and includes a moiety that can be

represented by the general formula:
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method B with shorter PVP chains, 60,000 instead of 160,000 g/nol, killed
only 62 ~ 8% of the deposited S. aureus cells. Inspection of the remnainder
of the d LNeLaple 1 reveals that nethod B afforded the i face

whi ch ma§&§£5@%a y toward S. epidernidis, P, aeruginosa,Pgﬁ%gﬁyﬁg%Ii as
that obtained via nmethod A. 10 Previously described materials that kil
bacteria by rel easing bactericidal agentdl are eventual |y depleted of the
active substance due to its release™r ?TlTﬁe surroundi ng solution. To test
whet her .the anti bacterial polyners i big i zed using our nethodol ogy can

| each fromthe glass surface, hexyl-PYP-slides prepared via nmethods A and B
were placed into polystyrene petri di shes, and aqueous suspensions of S

"~ aureus cells wekEefAMa)REhoI khagreddenived wad inchrleon nidhsty dew carbd bact eri al
pol ystyrene. After air drying and incubation under growmh agar, it was

_ observed represerdiefl By thefasperebORBUB: per cm ) col oni es were growi ng on both
types of the hexyl-PVP-glass slides, while a far |arger nunber of col onies
(60 10 per cnR) was growi ng on the suliroy®di ng petri dishes, even in the

i mmedi ate proximity of the slides. Thes k of inhibition zones around the
hexyl - PVP slides, typical of the releage of 20 bactericidal agents (23),

i ndicates that the i mmobilized bacteri Cidal:pol yner hexyl - PVP does not

| each Fromt he i.desq i ” [ ' ' cont act
with the sl i deﬂié '!s?ﬁrﬁf sulfori ot {e?%{d kﬁ%&‘/’g‘%@%ﬁé a?%%}étglgﬁli%t%sg%opk‘%sﬁﬁengor ne
bact eri a ths gan@alfotthylasur f aces, an S. aureus cell suspension was sprayed on
various common materials, including ne&§ls, 25 synthetic and natural

pol yners, and ceram cs. The nunber of qplonies remaining viable in all

i nstances was conpared to that on NH -aRg, As seen in Table 2, none of
the materials exanmined significantly |dvered the amount of bacterial cells
remai ni ng viable after spraying. 30 Tal e 2. The nunber of S. aureus cells

remai ni NQg;. Vi fi i i v r onto
Ve ous. ik UL R e B B A P Akl RIS o
WO 02{08?§%ﬂ&ﬂ%ﬁﬁ&ﬁmﬂhﬁﬁﬂ§§wtoiﬁaﬁkmﬁﬂyrene105 ~ 15pol ypr opyl ene97 -~

9al um nu ~ 7steel 95 ~ 15paper77 t 8wood (birch)102 ~ 10porcel ai n85 ~
10PVPLG| i de115The teiPvwl festidelcas(used heseinApesers-tog-moptsihpteanhegeprgsentsidy- 3
Nbdificatﬁ%n Onéfﬁ;fa e that does not contain active am no groups

PCT/ US02/ THFE3 8 RETEMA woul d be desirable to nmake numerous di verse objects
bactericidal, a surface 5 10 ﬁ
—S-R,,

in which R44 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocyclyl, aralkyl, or aryl. "

15 Analogous substitutions can be made to alkenyl and alkynyl groups to produce, for
example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls,
iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or alkynyls.

As used herein, the definition of each expression, e.g. alkyl, m, n, etc:, when it
occurs more than once in any structure, is intended to be independent of its definition

20  elsewhere in the same structure.

Tt will be understood that "substitution" or "substituted with" includes the implicit
proviso that such substitution is in accordance with permitted valence of the substituted
atom and the substituent, and that the substitution results in a stable compound, e.g., which
does not spontaneously undergo transformation such as by rearrangement, cyclization,

25  elimination, etc.



15 20 derivatization approach potentially applicable to any materi al was
devel oped. Ordinary commercial synthetic polyners, nanely polyolefins, a

pol yam d &, polyester, which by thenselves exhibit ng i erial
activi ty?‘w\?@?)gs uézgd to test t he approach. A slide nmade of Ebz?iﬂ%%l ty

pol yet hyl ene (kDReH népsn, 38d Rh eshRtutdae id @untdn@latteat@@uudatau?emlssmer as

many ot her materials, | acks reactive groups suitable for a facile chem cal

modi f i catsubsitudiepborgamic compeaasisd éﬁa broad gepect, thapearmisgiblesubstituents ingludec a

| ayer by a che RO er, B.,

Petzol o RSRTRISC pROETE R ARSI EE RaRobiHE b SPRIRYEs, 8

nor phol 0g:)/or@fontdticrsabsmumerﬁmtbﬂgatm@ébx@danﬂe,ynmsumwaumlt@mi eclugé, et . Appl .

" Surf. Sci. 179, 79-87 (2001).. To this end,  we eml))lo yed (step #1 in Fig. 4)
a pen- i kexamples thase dessrikedBerainabays- egfwnm%itblﬁ%l é‘ﬂmgﬂwﬁft@?%tmﬂ}?m | ane
wth 7:3 t he air,

" tetranet h@f@??gﬁl&g&sﬁg}% gl zegﬁérhp%%t?m H glﬁ%% %ﬁg%“ fEhslgvxlm ch cover

a sur f aceinentithi thie hefeeodidransuchas amﬂgeedzayﬁat/é Rydrogén silbsutﬁaﬁbatd/oﬁrty Magnus,
B., Garschke, A. & Musil, R A new conce t of rrgt alresjn ad eS| on_using an
i nt er medi aqrelaswewbéttugmﬁ PE gngapicicarppundedeseibed haremhich sgiisty they valpgcass g

159-168 ( i i rqﬁ,]e[ cally
resenbl i néﬂg?g%tgr-g? Eng y?}{lgof)?g%g ?H(?:g%t Igr%erée%tbgrlﬁﬁteeﬁrlfeﬁa# ?’%ﬁéﬁe g%l |y
nodi fited pmSmmttmstméntsbfongameganmbm of t he nature of t he bul k

mat eri al . Schi pki Pet zol d,

k| - er,
Chemical struc é‘“ﬁ’d pﬁ%?“ﬁ‘l‘i‘ﬁlgﬁ%}) 3f uiﬂdt}teéftlﬂ Pt?a’é%mé’f%% ﬁ“@%epgﬁ}l%h on
zi nc coat
Goobel . B0 %ﬁtm*ﬂﬁ” et ot i ol uldefgbhdmicll tllormblions. - &
Musil, R E)eatmd\as cfxuck protedtingwgraips inedide eatﬂ;l'ﬂecsf cerbouylinerids; silyltethemedf at e | ayer

of silico xi.de i,n Solid Filnms 169 89).
Tiller, g(())ho l5¢4p é?etgf%/\?%ﬁeqafs 8fﬁlg?t§yde§_'an EEesPRAY 'ﬁeTé? ﬁfﬂgc? ter nethod
| mpr oyges P&E&uﬁ%@ﬁﬁgkﬁexﬁﬁ@y hgs b@énafeﬁew&&(@a%ﬁtg T Wihaasl PIG.8B Praséedt (

1989). Qutmann, 'N. Silicate coupling |ayer
for met aI erpp@m Q?rgamadhééqsmfi' rﬁénwléqmdﬁew F?’Wyléll(?al) chem cal fundanentals

and technol ogi ance Ch 25-135
(1991). The vi éﬁﬁtlemg ':eacrqghvcaeeng/IBI Omﬁgpmnsur }(\:{g&%l&gp’ I%Cﬂ%g °m2’%“’f“t er the
Si @2 coat vhgthRiRe®ibd cBrrespogd dﬁ%t@éanﬁfwlﬁélﬂﬁeﬁzleltlﬁﬂ(sangs gﬁhe&!llpfbpaxti‘és ferdodyer is
| ower than that of glass, and 10 nunerous Si-QOH groups are formed on

hydr at i on(fbgt firnetéoninglasomBlegsies)oWheTg Qg MsieyBIFID %IVQr@Itloflﬁ af Yopuents &

roce n ,
ghem’ %ZI B g&’{f ﬂr%a%err%ﬁ égfgthc?tl‘%fﬁ a;E& Lfﬁ{ 70 &% ﬁ‘l H@%ﬁ)&{)éégs on
zi nc coat ﬁdéeﬁtbﬁelln géupdl, thSubipomiads.of hehresedt MivertitMGiyy bdseparsébpihet hese
Si - OH groups, the coated HDPE surface is expegl ed to beeq%_ﬂﬁagﬁfpl iC,
contrast msthodailisigted niths sEREGRICRAIOB dPHTmRE 28.0pBTAMALE, d W o Phi s
di 1 er enceoifaflBAHERS: LRe CORNIGYaIRBR Earlift Rk, AALOAVERHOVERRIEN 3

surface, comon method of ~determ ning t ter affinity of materials.
Davi d, J. sy‘ﬁttbestsdnacadﬁrematlrethesmmtioaﬁ,ayts alsoxtossiblago makadse df vazigdts Svhich1 966) .

To th' end,, 0. | | ed, wat er s _placed on the HDPE surface. The
angl ebiet ﬁ@éﬂt}fq‘t@e%?gn qutarleé)ghtn@gm eag’f”?r drop and the surface under it
was estimated gg @ﬁgé&%f&@&nvmfth% 'cM&nféfil aera&tttmri@anﬂmqn ARbRTahad . When

t he sane anount Istil wat er " was pl aced onto the Si Q2coated HDPE, the
wat er spr saith toePerivalic Tatfle o bthaddernérds, £ wersionigiralbaek of €bemisimand 0
reflecting,the face' dr ophi | i ¢ character. Independently, the presence
of the Si gli‘yﬁ %E%’ﬁ’ﬁﬁzé{%ﬂg @FI C8ETwas confirnmed by the silicon and oxygen
signal s detect eddom E,J;t,eisx-ray phot oel ectron spectrum 25 Next, am no groups
" were introduced into Si 02- coat ed HDPE slide surface by reactlng it wth
3- ani Adpr opyl tﬂnetapmy@t the peeser figyengion jsilirspigd togntirgiceabad] shrfaces cowpnsade f or
t he am na I tt,

0.3, A nooy B9 plichel dpRc AriRingC In oA lbodfhnors ARG IR

act i vat ed pydséit itivention Hets tetliminhleairbd@e bidiRgcd e tontddd8In ébi:ﬁﬂﬁétﬂbc(dﬂlﬁ%},.a The
NH2- funct| onal i zed HDPE slide was 30 subsequently al kylated with

1, 4- di br ofieHAre Hh Eharyesent Iyertiar agisdarshimiaate tg?*@tbﬁgne(@?@ﬁw#@n °Anigely Ing) , whi ch
were then reacted with PVP in presence of 1-bronohexane (step #4 in Fig.

4). Under the conditions used, only a few pyridine groups of the PVP chain
(approximately 1,500 pyridine groups per chain) are al kylated by the
sur f ace-bound bronpal kyls, with the -29 -23w0 02/ 88SS~2 PCT/ US02/ 11983
majority being al kylated by 1-bronohexane. Tiller, J.C, Liao, C-J.,

Lewis, K & Klibanov, A.M Designing surfaces that kill bacteria on
contact. Proc. Natl. Acad. Sci. U S A 98 5981 5985 (2001). The nunber of

. b




PVP-derivati zed pol yethylene slides, titrated spectrophotonetrically with
fluorescein, was 5 determned to be 8.2t1.9 nnol/enR, which is simlar to

t hat obs Qr_ hexyl -PVP nodi fied NH2-glass. Tiller, J i C-J.,
Lew s, K%é%?@%’s%ov, A M Designing surfaces that kill b’é‘cp[’g?‘!’é‘qgsr?

contact. FRIAf en%dime]ﬁg,aads B6¢ of tHe grtﬁentgﬁvenﬁgﬁg %6@9@?1‘6(7&9%9 formforgneral ity
of the foregol ng coati ng/ élél’l vati1 zati on approach was confirnmed by nodifying
two ot herbibfibnsst ri al pol yol efins, | owdensity pol yethyl ene (LDPE) and 10

pol ypropyl ene (PP), . as L1 as the | yam de. nyl on .and. t he pol yester

pol yet hyl ene t &% {W%E?“??’éﬁ .G_OR?OlF?{L?Wg h%%ﬁ?ﬂ@?i[‘}gw&?w-%? “ere

. successf uldiymaeldnMsitein@en2iOs,| B ShSferréd 8RBo8Mtbnishidthobrhdraagadensi ti es
of the pyridiniumgroups simlar to that of HDPE 8. 5 1. 8 (LDPE), 7.2t2.1

(PP), 3. Omoletulenyieighy of attehsy10,9Q0 gnobamgre prafetablyr20,00012/mek pnd most

. PVvP-derivatiz i starting with HDPE, were subsequently exam ned with

respect t%re%%%(iwﬂ@@%ﬁ]y to kill airborne bacteria on contact. To

si nul at e nat ur B cef@ROSIMbb@MeAfs, Me'shEhdfMRCHEdnRinvanSaSie @lusé. @A cérbaifli Sti | | ed

wat er of the ubiquitous pathogen G am positive bacterium Staphyl ococcus

aur eus wasthenembyasiiments.che swifdcd of thertiressnt ianentionds p alasiés. Ieaspasiiqudated to dry.

Xiong, Y., Yeaman. .M R 3 I id:. ibiotic. Drugs
Today 36, etg]i@fﬁ%’%f’ f}fogﬁf)f)aé% «%ﬁtﬁggﬁs@é%‘l\/\\g@@ﬁ@%hf%n IPéﬁ:gg%Magﬁhder nut ri ent
agar myver ni ght ip&rdasahbdiedess theé esmpaimd cohalemlingidedto the tifeehact eri al
cells was determ ned by colony count. Tiller, J.C, Liao, C-J., Lews, K
& Kii banompr%ﬁmdbé@eg%ﬂﬁ‘glaé'urfaces that kill bacteria on contact. Proc.
Natl. Acad. Sci. U S A 98, 5981-5985 (2001).
nunerous readily distinguishable [bacterRal Rol
HDPE slide. The nunber of col onids gr \C}A 25|t he Si O2-coated or
NH2- functi onal i zed HDPE slides (Hig. )/V\ﬁ Hally the sane indicating
that these nodifications are to S. ayreus. In sharp contrast,
when sprayed onto a hexyl - PVP-nodi fi ed HDPE sl #de, 963% of the deposited
bacterial cells becane non-vi aRI e (Fi rd ght, and Table 3). 30 Table
3. The ability of various conmersi I'C polynmers derivatized by
hexyl -PVP to kill airborne bacteri tact. Bacterium Type Percent age
of bacteria killed -30 WD 02/085p-42 . {PCTI US02/ 11983 HDPE LDPE PP nyl on
PET S. aureus Gram (+} 96+3 97+1 1 E coli Gam(-) 97+1 96t2
98+1 98+2 95+1 Suspensi ons of l1s/m., for S. aureus and 10S
cells/m. for E. coli) in distilled vvaté% vveée sprayed on a

he b

seen in Fig. 5a, left,
nies grew on the unnodified

5a,
h

hexyl - PVP-nodi fi ed pol yner slide, and tter was air dried for 2 mn
and i ncubated under 0.7% agar in a bacterial growh nediumovernight; 5
thereafter, the colonies were counted. The number of viable cells obtained
in the sane '

I
wherein |
R represents individually for each occurrence hydrogen, alkyl, alkenyl, alkynyl,
15  acyl, aryl, carboxylate, alkoxycarbonyl, aryloxycarbonyl, carboxamido, alkylamino,
acylamino, alkoxyl, acyloxy, hydroxyalkyl, alkoxyalkyl, aminoalkyl, (alkylamino)alkyl,
thio, alkylthio, thioalkyl, (alkylthio)alkyl, carbamoyl, urea, thiourea, sulfonyl, sulfonate,
sulfonamido, sulfonylamino, or sulfonyloxy,
R’ represents independently for each occurrence alkyl, an alkylidene tether to a
20  surface, or an acyl tether to a surface;
Z represents independently for each occurrence Cl, Br, or I; and

n is an integer less than or equal to about 1500.
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10 manner with the correspondi ng unnodi fied pol yner slides was used as a
standard (i.e., 0%of the bacteria killed). Abbreviations for the pol yner

mat eri al rg£ as follows: LDPE | ow density polyethyl MH: -
hi gh-den:\w)%/ﬁ/gtfﬂ%f/zgt hyl ene, PP - pol ypropyl ene, and PET - P{()lﬁyge 13l’:2f3ene

t er epht hal at e) i ArbicpreARRibIBMéht, WBE BivBRIdnorBfisad PI9@STinyIONCHIB} ifium@nd
the errors gi venabllgrndi cate the standard devi gt&?lons. Eﬁ’é,ﬂyPP, ny?%ﬁél and PET

deri vat i Zbmade)tor pelyinethemrylayiaxydedacylgudininm bemaide MDEB) cayatentlyr abi | ity
to kill airbprne S.. aureus. seen i p Tabl . in.,all cases the nunber of
bact eri a el Bt S i, 1 Ge Ryt drBatimdl BanstfiE e hits® oan on
_the cor r expABALEE pEE@inyi Betidihd)d65aleMdtiackil foesiled suifedki | 11 ng ef fi ci ency

of the hexyl-PVP-derivatized surfaces for a representative G amnegative
bact er§ um  Eschieterteii embastimentadhaaielpgias kidleg orghe spiggoes ofigynstant gujeption
col oni es [ ; 1.11G,; ' - t hose
of S aur SsSURefl 1 ol BRI PV ML B SRt FERE R T o
The sur f agstlgte parirhiaz ainbodinwint, thd teacyeria RURdHre Shad-ricpstive bavtetier by 97 ~ 3%
{Fig. 5b, right, and Table 3). Inspection of the renmaining data in the | ast
| i ne of TaIRBICOLUELQIATILCE FATARIHIE TRESIVE AVAD FHOHPS | cati on of LDPE, PP, nyl on,
and PET slidesy] | 1156y : I 0. i . coli
cells, follow Ir#g61 ﬁée{)idilbrSo ggér{égtihg ?%rqfc]g r%%rlrl]to f%gg&%%? g@&‘%ﬁ%&%&@%ﬁ%ﬁ ed to
t he cbor e@yiethdd AY, the swdadeiieprephred by acylatings NHtpddsh elidet vath he agylatiigRgehtai ns
i rmobi | i zed usi ng our et hodol og%/ can 25 30 leach fromthe slide surface
(and possioniodiedopblebopds. In paeicylay sabpdimenh dheaayipying pgentds erYIPE s| i de

was Pl acethibizho ABE KALWEPBE oSbiihertlofln Al SoRfiNONS BUTPRRSIAROE! S

aureus cell's was spraye t, as well as ont acteria
pol yst yr eAeiisilpraiime. Afimerobdized dolyimey sacidas prdyiaylppndineddfP grasvbindagar

only a few,( 2 per c col oni es gr.ew t he hexyl - PVP-nodi fj ed HDP
o e whFTed aop s el SR DRSSP By 6 8 SN (B PENDE s R BH e
surfage Ofyd %l‘?sioﬁ%ﬂt@ﬂ@gﬁﬂ?&e%ﬁ% %aiﬁiNfﬂ}* 18¥8Rdd N the inmediate proximty of

- 3l WO 027 085n2 PCT/ US02/ 11) the slide. The |ack of inhibition zones
around t he hex{¥he Bui-stdp idessatinp theautioed is 16 mtrofluce pasittvesbanges inéather i ci dal

agents, indicates.th he immhilized .po i on. does not l.each.f t he
aTde. i Dotk ot Rlachote, B ioe R Pn Y PR SBR[
the slidehsssuhlimes alkawahiaides (With éhabi BhEEY ¢yingMrorptdpyRed Ixa@dcyHC tThig t y
of sol ubl e pyridiniumtype polymers. 5 Appl. Environ. Mcrobiol. 54,

2532- 2535p(orediss is exsowhisied imBeanplad . Hue sicthed tords taneadyes mopdy linearly

hexyl s PVP-derivyatiz sl.i d | s 15 kill waterborne bacteria. To

exper?ﬁentatgﬁcﬁ’?‘y’f%rﬁ\ﬁ%g‘f%anép&%}\%m%ﬁ%%éeqsg%%g% solution, a polynmer slide was

pl aced verti calthy rdsaltantBHES Qirfadts wetsRRMAINGD with rE&Sct totthelr Shiligrtd kilhen
resulting systemwas gently agitated at 37C.__After a 2-h incu@ati on, the
sl i de was comatSdaierhcellsspiyed pp tepy fssren B Figws e PiopNlatidnbitdtadact eria and

then inc ! i r It : | 1nh
o al | ow DRyTHghinf B TR PP EndRi kil PSR AR PRAYSD e

i rreversi hwberifomabdkbadteridl c&lsi-iveth tiemostMffeBiinag, bexyddP Valafésridmg at9%4 hyr oxyl -
and nethyl -term nated al kanet hi ol sel f assenbl ed. ers.. J. Bacteriol.
177, "Thsbretoeton ERHERoiaR oL | hn RGieN D TSR A TBONAIRVHEE OY ARG at el y
covered Mrgp?@ ﬁ&x&écgfﬂro%ﬁhésgﬁmagﬁ&h@aaﬁ-a%t?@aﬁmz freR¥ RN inteciVe 37C

Thi s way genui nely attached bacteri al s are captured on the slide

surface, d@ng 2)hose of themstill viable can proliferate and form col oni es.

As seen in Fig,,6a, . left, S aureus cell. |l owed to adhere t n._HDPE

STi de form 20° FESHehaYeLaE Ry Syt OnyiHa wpruREs ealkiideds .

- nor NH2- megldiijesl WG SA-bMigRtAXfddyi-t @slicall- ARAMERAREYIEP VR ShddIRed dlidedie

nunber of bacterial colonies ?rown atter the adhesion. However, as seen in
fa

Fig. 88, meghall clondy tabaasbencefal 400 mmr Aws, AEPBADVES, r eir-RWP-modified slide
. hexyl - PVP- mdi f | H SLi p 98 ~: 19 aks0 I le 4.
The abi i 00 BM"hz%ﬁ 0 %%)’eéﬁ‘tﬂ{bggéﬁfg‘c‘%d‘ﬁ%ﬁ%‘g’% ?E’E’g‘“g%?}iﬁg?@‘%eé|v;%€| ymer
slides  clear (Asp < 0.002). The cloudiness reflects polymer aggregates formed on the surface,

S

with such aggregates apparently being unable to interact with bacterial cells. The non-
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to kill waterborne bacteria on contact. Percentage of bacteria
killedBacterium TypeHDPE LDPE PP nyl on PETS. aureus Gram (+)981 991 97t2

97t 1 991 am (-)972 982 n.d. 991 981 Suspensions a (2x 1
o6 cell s/li‘ ? g aureus and 4x 106 cells/nL for E. conf&’ﬁg‘%ﬂ@& H 7.0,

was all OV\ﬁﬁ%)ht%d afhRbRIZE PVP%hBﬁ%}’elswﬁ’é(?asﬁﬁ@ée%&ﬁﬁ&?bv%ﬂ%ng?ﬂk}ﬁ AR Sics3gay WO
02/ 08ss. 42 PCT/ US02111983 under shaking at 37C for slides were
ri nsed wistisk4e each|ashepEge t@hvdromlobmt@wtlpns sn emitraet PBSmebizad RGP chtains
rinsed a P ncubat.ed un acterial,growth
e um ovRPRE e eE BT fuctBt e hredtt ke oBplh BpEbRE e
, determ neélectﬂﬁtﬁﬁb@@u@éﬂcblﬁéﬂﬂe pasitiedly aharged }b(ﬂ?nﬂé@W but do not form

di stingui shable colonies 5 on the control For other conditions, see

t he fdot notes U@nga@né -PY/P (hengadarth rafemesd toas that srepated @y mpethod A), the

. hexyl - PVR T )plrne
bacteria %a%? t?&q?h dautr};‘;c‘e F}O%%ang&qﬁg% Q%t ubégt%npir? f&F |66 % ati on

(Fig. 4) éstelhwerﬂin é gl €baidred, 81 cdi ardlIP.elesugiRdshds thiveqiipateyl. Bie fi8t 99%

for all polymer slides. Likew se, the nodified oI ymer slides were found to

be ef f ect iWesformed salpnienolihe s3Popiae ass. quppis. F;@slsléﬁﬂ?ortwnb:w@en gHayadeam | E.
coli cell us suspension
grow a nu %ﬁ% aﬁ%ﬁﬁ%ﬁ#@ﬁ%@éb@g gﬁr‘géa%h%%r&{ EZQ rgér} d)\?ﬁ?l Igltﬁggar cover. The
col oniCes distinguRhableyAoscendanTablET (nmtioddA)s thre duaiber vhedleniealtibteerbaeerivner e

di stingwfhable on PP, Upon th d/g)rly tlzatl n of HDPE wi th hexyl-PVYP, the
nunber of 0¥ E%P%eraﬁﬂwlé’oorﬁoh B’P%t@?l @)@GWBMC‘@EP thej ght |
Tabl e 4) 1a1-5§@1{}§ 1294 her nodi fi ed pol yrrers aI so di splayed drastically Lower
number s’ of he viable E. coli cells conpared to the corresponding
unnodified slides, with killing efficiencies of 98 to 99% observed for

condi t1 ons 1 or oM Tt A OF BRGR WELAehe o s ST Gy B B eglethods

hexyl 1 PVPmAAiGE bbb aa@Rh BalcoM@tier bor ne bacteria were different from
those for_20 airborne ones., we again tested for release of the polycation

froma slide into the nedi um Perdehiage efidgctaiadadsd - PVP- nodi fi ed HDPE sl i de
was i ncub ted for 2 hjn sterlgﬁ—ﬁw—e-h—e-h&khng—%[—ﬁ-?}?——eeﬁwed, and S.
aasreus cBPFEIWBre ad¥Edto t h&FBAni ng sol uti on.Mehe Besul ti ng

suspensi W‘Wml e '
bacterial ‘cell's was det’erm ned by spreading it on grovvth agar, followed by

i ncubat i ofl aidedmdi25 OWer ni ght >9%he nunber of bacter¥al col oni es observed,

(42 ~ 4) 04 er incided with that in the contyr ((48 ~ 7) 104 per
m.]. Henc gg‘@"“f”s ng?appr eci abTi‘”f’el ease of an antﬂ%a%t erial agent from

t he hexyl EPg{ﬁ, nodi fi egdyHDPE sl ixdg during the bacteriggl adhesion experinent,
and the waterborne bac£er| a nust indeed be killed on contact with the

derivatized surface. 30 Mecl aafiisni o attacking bacteria Tethered
anphi pat hi c po cations describhed ip this stu 1d solu tionic
AnEim or obi af STADMEER ek S eL mere AR YATG SObE M SE,
Pol ycat i ORgiogéidtcd 2281 RAJupEYticBe Ragiiet AR Jibiis QR hbn GRI foPAtfacRaBht Jege Of

ani mal s, dlsplace t He "di val ent cati ons
polymer. The polymer chains were then further alkylated to increase the positive charge.

20  This method yields mostly branched and looped polymers covalently bonded to the surface.
For example, a NH,-glass slide was alkylated with 1,4-dibromobutane to introduce
reactive bromobutyl groups which were subsequently used for the attachment of PVP. To
increase the positive charge of the attached PVP chains, the chains were further N-alkylated
with hexyl bromide (found optimal in method A, see Fig. 2). After S. aureus cells were
25  sprayed, air dried, and cultured, the resultant hexyl-PVP-slides (henceforth referred to as
those prepared by method B) looked essentially the same as shown in the right portion of
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-33 WO 021085s2 PCT/ US02/ 11983 that hold together the negatively charged
surface of the |ipopolysaccharide network, thereby disrupting the outer

menbr ane egative bacteria |ike P. aerzcginosa an (Vaar a,
M (1992)‘9%“%.’8#%13. ol Rev. 56, 395-411). This in itself ?ﬁjig%H?‘&g"bs’

suf fici enfjghQr, @ohphRtalto szogmss sliie,i 98 iam%fm&dpbé@edtsﬂ abreubB¥lisngerdest r oyed
the outer nenbrane per neabi | barner, S the cationic groups of the
tetheredlpﬂﬁyﬁh¢kmﬁmwmhmdsbeEprﬂéﬁﬂhto t he i nner nenbrane, producing

| eakage. Such eIf r,onot.e et rat, wi.th the sub uent da aof the
iner menbr anel ool BUR WHER: ARG BbbiRE ey SR RN BiooRARTEE R oo
. pol ycat i ofgibagaiid) Eoﬂeﬂ@es@fﬁi&ﬂﬂﬁbé oL eimesle h haxy-PVaribielesprapiledusing

epi derrnidis probabl ui res penetration of the cationjc grou s acr oss

t he t i ckmetapd Byyith shqyter ¥&rreheine YA09ngead of 160, Oﬁ@m@n&ﬂleéaeky 2% B et
_action of uc antiseptics, such as benzall conium chloride
or bi guanﬁllgﬁgnlg&SR%gr uégzl% ﬁ& agai nst Gram positive bacteria is due

prinmarily to tispditici upme@anaﬁdérrmefﬂmydaw)inalémem reveils ﬂ‘me(ne%ﬂtB)mffoﬁe(W
(2001) in Disirafectiorz, Steriljzation, arid Preservation, ed. Blg
S. S. (Li ppthasBde suplers whish was\iF dgadhy towasd S epidesmidis. - atrginasey ar\ﬂ/aﬁ coles s,

aa~reus i (Friedrich, C L., Myles, D, 15 Beveridge,

& Han%tts)&ﬁﬁn%{)ﬁg%}e%dgc Aratirnicrob. Agents C7zernot her. 44,
2086 R092.); sPrmrbuillyelem]bedmtamm\mata,@lébhcﬁmgtHsy eicating bhbtheoidlaperts BMP
(Method A) is wi th sonme obvi ous bei ng shorter and ot.hers | onger,
the | att efveaBul 113 dg&ﬁfe@ d ofihe ae‘mée %l@ﬁt@n%dqe t0 fis aleasr ingg Gt q%léf@%#la% sajytien.
surface r
mat eri al rs@ Sjki Sis‘?ﬁétbgqgeerg@o V\gﬂ) %dﬁ&s\i\ngftﬂfog{lgg&lmg%é? e degg&g%}g%asnﬁ%&e% cells
and rej uvfromatthe glasdsusfacd, :he:e;d P\Ahyhctebjpeqmrqdl \aa:mdthods Almldﬂbw;trefplmedonmm de it

i's susceptible to hi, alﬁ‘gl cal, contam nati.on h m creglté)g&am SIS

subsequen?ol}ﬁ YENF Ry £i20f] 2949005 BYSBFRSIONS oo HEYS & G TRy2Yed ‘}“ﬁtge‘Br esent
I nvenig onyGRay W&Yﬁ@hoﬁ%ﬁ@b&@naﬁﬁél?st%eﬁén&ﬁ&CMF dfing ang AFLBMMAIAEr Wi t h

m croorganisns in the first place. Further, these technol ogies can be used
t o producgomdl angaau it wiasl obserneldghdt onlyea M (sbme Bepst gma)rqolcmesomt grawiag oon t hat

St a1 hodboth 3R PEIe TSP BARE e R e HGRT aL T (hactD per

anat om ¢ é[h ?&P&K/ﬁ[g'o’lft f§dr%ﬁdﬁg%e{??dlﬂ?€st et iR iHeYinfieaaRae AlokNfity HBhEr al |y

derived pro ess erials conmonly are positioned in the body 1n order 30
to provi dsilcbss’fhellecthnfan]ﬁlbrtlongne:svmcbundfthe hexypRMPesiides, tyweeltof deuelcaseEanpl es

bre dob | R el E50 FadRa e e REDoBZR VAR e Bo i B0 ERMEL ' °
tissue, dysdsht WatiEHRom tABsIidES, iIRX ABL MiedSactirialid Rldeddekifibdon thRadiRsilred shape

or structural support in the affected area. These materials -34 WO
112/ 08SS~SlldBCSIF/“UgQQ/ 11983 t hensel ves are non-1living and avascul ar.

Col oni zation o ferial $.1W i f f.Qr t|on
can require t hi? &&fgﬁ%ﬁ qﬁé }fe at%hlm’?m{(@ raﬁ@ﬁﬁ{eﬁﬁ?ﬂgﬁg\f}eﬁﬂﬁﬁd&s ‘Jaf%)%s oa(r21

st ruct ur egiRat cdll susfen¥RintAispiayed bs valésisicoptbrangtetisle, ipclaging atetamde by
tissue in growth is in vain. Application of compounds of the invention to

t hese2¥mat eynthgtic apd pafral pRlymess, ehd peramics; Themaber f svlemeﬁ FRMRRIREVIaBE Bnd it s

consequen I € r

determ negﬁﬁ?“‘ari sasrr;bgﬂﬁ)tﬁ}%dﬁtéé%t ﬁg\{}(yfs é(% %ggi%ﬁgl st @%?M% Eﬁz]ﬂes

appl i cat i exantined signifiparthtlowared fthecanmont ofisacydrial bdlslrﬂﬂﬁMnngabIAaﬁat erial can
be contacted with the claimed conpounds in a variety of ways including

i mmer si onSAA¥&oating. In forns where the material has interstices, an AF
10 conpound can reside therein as a liquid or as a gel. Fibrillar
preparations can permt the fibers to be coated with the conpound. Solid
articB@s such ZsbleeZonThe nombere 015ISomklsewf ceﬂlymemaym]l&m&tbée efier theirpaqueoes]

. Wth a coati nI?SéOf the cOo oung or addition protection. These tenporary
neans of &PBP ifgKe B ‘Feél FO RO Vlago?sbqlatteﬂg e materials because they only

reside in the bogyckgnmpor arlTy, 1R e meRPeRT vodbld BRIl S | npl ant abl e
medi cal devices, using artificial materials alone or in conbination with

natural | y-deri ved materials, can%e treated with conpounds either by
surface coati ng—ef—by—HWpef-&H—eﬁ—M&Eal—s—ﬂﬁy—be—SﬁH—a-bWt ed with
surface coats while retaiiung their biological properties. In certain
enbodi mrents of the present invention, netals nay be treated with paints or
wi th adherent |ayers of polyners or cera-rﬁ7cs that incorporate the 20
conpounds of the invention. Certain enbodinments treated in this manner nay
be suitable for orthopedic applications, for exanple, pins, screws, plates
or parts of art|f|C| aI joi nts thhods for surface tr eatrrent of rretals for

o o o o T o, e




30 polymers can be used to fabricate sutures and orthopedi c devices. Those
of ordinary skill in these arts will be famliar with techni ques for
i ncor por gL HRgesEeNt s into the polyners used to shape forr’rp /ag(yil%igs for
medi cal applications. AF agents can al so be incorporated 1nto ng ues,
cenents or adhe§ia\f1$\%,ass)r in othergymtigrials used to fix structures within
the body or -35 02/ U8~s~2 PCT/ US02/ 11983 to adhere inplants to a body
structure. Exanppbstyr#e€l ude pol yAb? ylSnet hacryl ate and its rel ated
conpounds, used f th ffixati ort hopedi ¢ and dental prostheses
within the bodypo%lé(’p ?eélgence of g?ﬁceg conmpounds of the instant invention can
_ decrease biofil ghinghamti on in thgge Btructures in contact with the gl ue,
cenment, or adhesive. Alternativel a 5 conmpound of the invention can coat
or can per neat e SteBe forned articl ésillﬁ t hese conpositions, the fornmed
carticle allows g'gégrusi on of the nmpound, or functional portion thereof,
into the surrou ng environnment, thereby preventing fouling of the
appl i ance it sel fwooli(Birel)apsul es heawildg conpounds can al so be inbedded in
the material. Materjals incorporating conmpounds are adaptable to the
manuf act ure of &WEHE range of ne ?églo 10 devi ces, sone of which are
di scl osed bel ow: \,@ﬂf% exanpl es Wkl qlge readily apparent to those
practitioners ofP ordinary skill in the art. In one enbodi nent, conpounds of
the invention cadP\BRslajepimetithdtd) o6 Hidicorporated in certain nedical devices
that are intend b eft in position permanently to replace or restore
vital functi onsi&yfﬁ}?‘fg M% 8étn{ri culoatrial or ventricul operitoneal
shunts are | 5 devised to prevent cerebrospinal fluid fromcollecting in
the brain of patients whose normal drainage channels are inpaired. As |ong
foidi ot ofensiacd that dods gopean@nivetivd aminp ge@wyul ating in the brain

and nor nal r '.n nct i J oni nge. |If th .shunf). ce%ses.t.g funct.i on,
fluid acoumul avaes Lapule b fuells | makepumerous fivarsg gbiskis Payeidal, a surface
life-thr e&érﬁﬁiii@ioﬁ“a?ﬁn%heh pétehthElySPpR abtbet%chﬂg%dt&ia@%@ﬁevélépeﬁﬁ@@i%a@n

infection to enter e central portions of 20 the brain, another
|i f e- tShr ecsmaménstpl exnisticaal yroers, mEmehepdbielatins, epetnantide, iand k pdiyestess whichone

| h ) . heir fabrication. Sil,
Chaer of oo hRev Ak BRLI S L AReRA iRty oS hade B hest R PR TR R 61 g
to the premegi-demsitgpbiyethyl MCHIDPE) ik 8életbdbs MRsnitibf @res8Thidolyet is i S a

di al ysis shunt, a piece of polyneric tubing connecting an artery and a vein
in the fomauyetheigmplerelsdlacksisadtive geapps spitaplefos atfpalschemins] medidisatign. whi ch

t he di al ygj ' : V. NS 1s a
e e e e L S
subs euentapondgukition.tedhhiques SulihkingeroBe Petzold ®. ehiller, H.Je&Guadmeiery@yal and
repl acenent. Since dialysis a lifelong process, and since there are

b
a |im t edChemigalstigetugs %r@smmgl%ggveeﬁmt@t@aﬁ% ustion| GV layers onezipeeqated| e t o

avoi d havy r ; 0 i ] QNS | | s Idheddi ng 30
or ot her V\%tg%' Ac%’r{t%%ﬁsﬁbq? ﬁ’eﬁgﬁ(ggg}#ﬂ? ogtﬁﬁétﬁlg’ ?V%\%g‘}r%ﬁygﬁ@\'/t\n t ! lt%ﬁgg'sﬂ%nt
mat er i al p@Aliteatorchtdontineg b catipetdedabixtude af 0.6Valetramethpljianesiitly7arti fi ci al

terial der staod t aple to the d i cat,, f
oot hot | Bopaelai Boet ) Mheh b Eri SRS s ke oy amARyeateds Sl ©
U2/ 0885 ~2t0Rbrth D308 15465 Aar &@hc%st%ié@écwefa stHFsR 18 vhi@he ﬁh%té id dpplied.e

)
integrally involved in the devel opment of this condition. present, the
only treatient.foiGasbelaBl,iMegnas,ddnGarsties, Aok Maisihi RyA dos eomaspt of roetale

t herapy and. s Lcal .renoval of. the dewi ge. Th ntam nat ed. val v st be
e at sl R E R Rermthialedyr St s oe SRR IRILRENPSH AT ST e

. the new vedy 59968 (IDBONIThOESiltigg dbrve 2~ 100068 Hhicl SATh¥cRahRallprea, it is
common for prosthetic valve endocarditis to affect the replacenent valve as
wel | . Artieperabling glessr(polysilaxane)e epngherselierdre reatblychaminaiy magifiada ajumifermi on

. may rggucg . i.Nei L FRS r . I I

ooy di LR SRR Brelan it bRl el SRR T P i Ve
portions HI-Jt&&rmedmieiod, G -Chemioat strypdirt iand snopphdiedr df whigdthiascombistRac€vpker s

and arti ff cial ipplantable def} rillators_commonly conprise metallic
ayers on zimc coated steel. Appl. Surf. Sci. 179, 79-87 (2001%. Tiller, H. J., Goebel, R.,
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parts in conbination with other synthetic materials. These devices, which
may be coated with a polyneric substance such as silicone are typically

i mpl ant e;*wb@é@#\méggt aneous or intraruscul ar |locations wt hP&fF’S‘?{@?"?*Ot her

electric extending intrathoracically or intravascu If the
devi ce beﬁﬁgﬁés, 80l @RiARE AV & MESIC ROANBAN HaBHt P ehetdlr&t Sdhesioh uBglan15 be
ew

removed. A dévice can be repfaced in a different |ocation, although
t her e ar einterfiediatedayrrof eilicof oxige (Sifk)-earbon. Fpimnlad Fibns K%, ¢89-368 (1989 0dy .

Devi ces . c ri.sing the nds Qf ,the.i nventi Qn. i nhi hi.t _cont am nati on
and i nf ecfﬂgﬁ,}ig’r ﬁﬁrstvg i e}rﬂel‘ar gdﬁ‘c‘goetbﬁgk ?@E%ﬂ@%‘b@%@wefé’sv % ﬁ%‘f;nt ed
~into the tHodrd8sisthSIERe bk | XdikesBR BB ZMeNt 1989}, OTilerYBL. 20 Gebsslmc! ogi cal
agents into the body can conprise netallic parts in_ conbination wth other
synt hét i cGrtmann; B Silicgigshupléng laxss for metebte nohymeyi adhesiemigeprovesenbePlymgale| y
_inplanted ,or .c b aldy il T i e 11 a3l r
enti ol y SovraaRA B etk BhortdCe ARG e By MRRFELE, o
pol ymers s§agds5assqe9giyj ts or tubes. Incorporating AF agents according to
the present invention into the coatigg mat erj al s i mposed upan these 25

devi ces or i nt &he wisughepaearancs ofithedTPBE surtgcedid netchangrafics theeXO: copting

conduits I ot Lt hi L Ky 1 I [ [oN.
Faual 1y 1 gkl e TR dr hOFh SIGORLER 81t Bn 308 o BLECHAT. | &
i ntented hombypaSEOR] gokpshraféraredes ydrasioh by inartradiabeditomghdlernvitoarienats .
Vascul ar grafting prostheses, nmade of Tefl on, dacr.on, re-tex, expanded
pol yt et raﬁﬁ@dh%@@ﬁ%lt’@ﬁé’r‘lcéSSF’TSfE)Qk“.E"?B B3P ?téqlﬁat%d%ﬂﬁ=§-i%;§%gn5’ﬁ@e%ﬁa§1 abl e
for use Oﬁh@l{ﬂ%'caml'lﬁfurp Iaﬁcpglo of 'ﬁg{'éﬁﬁnl&ﬁ%ustgﬁwllgyﬂg Q{ﬁﬁé( BORLE
vascul ar grafting prostheses are"used to bypass vessels in the leg and are
used' to stedisHpplubesfS. 159020+80 004D r BecauFhefithese Si40H gionppltheevabed BBOPRg

sewn into the end or the sjd f...a.nor mal | ood vessel st r eam.and

downst r eafi¥" etlsn%xpgp@étq be M@ﬂ]é%g%amgyastgfﬁev i@é@@%@f}?uw&?@%ﬂ 11983

repl aﬁ?‘j’ gégrn{egafo @.}aﬁ’ﬂg’ tfh(iis%ﬁ'erfeﬁ&r,% QKRN 1 @AtdcDinlld RRmY@ss dh ahudbhgf ti ng
0 be delivered t

pr ost hesi o other normal blood vessels. Stelrs conprising
met al | i ¢ firopresa awfeee,cedconimén mathodlof detgmaihingrthe peatss affmity of fuatariats. Bagidal so

Siture ooy SHaREaeanRER. 1AL dpd b 2D EB S o TP BB MIFREr bi ood
vessel s ogighifled GMieY 323 BlaSe®bn BHEDPE kit UTRSarlsRORIREd 1B ol oFthd Yasllant

infections. Sutures used for these purposes are commonly made of prolene,
nyl on or wtakedropoanstthe surface onderibwabestiniasasl te beweme 1305 indativerpet i on t hat

or ost Abe; SRR IPE il Pl e b TR RIS RAEREY hRlrdtoBh Hdtor,

woul d havgoated HEPE tha watkisipasidentthe butfaze bhd the cdn@eraghl way lesscthal €0°0f
surgery is that when a foreign obj ect becomes infected, it {%St ,(g(gel y
needs to Beflectingthssusiace nhydroplilic phaseqtsrondependsetly, dha pretenge ot the PiaddNgi e,
when sut ur q 1 : tQ | ed.to
a1 ow t ne ol M APPER IS NaE battmle bl PVEGREN Gt St Sducn RARTXERY T
i s suscepiphbloeletipordspsotrng. i nf ection. 15 Wwund infections can penetrate to

deeper levels of the tissues to.involve,forei mat er j.al t has Qheen used
‘as paPf of the NSFbREINQ AIOURE WER? 1@5?%&19?‘2}nt‘|’13}?l ﬁgléé'cﬁ‘?téd E@%%ﬁﬁﬁ s\’&?ﬁ‘&i Yed by
suturing ?eaﬁh?@ ft! vGitl?§-@Lﬁﬁﬁupﬁlﬂae;ff§i%ﬁ{okgﬁlaﬁ@tétﬁﬂ#m%g.'4), 4 figndied ﬁgEedu?e ypund

infection that“extends to't rea Where the mesh has been placed can
i nvol ve t hiee amimbtion efglhss sncfaedsr Bigget habchober, Ae&hV ddersehmite d.J. uney cal

meshes conprj sj a cp und of the inventjon can 20 have.increased

resi st ancg)etd&“i ﬁ?gem(‘lw?g?@@%&%ﬁr%gwsgo gtag)s wﬁgseacﬁy at%‘ﬁﬁ’éq’zﬁ?%%ml i ke Gore
tex, tefl QirachihieB. ARBS Mo 138X016-348 0iosa). TRSKES-faicBohdRed HDIE SR WRep
wounds or to reinforce the enclosure of body cavities. Renoving an infected

mesh 8n Isubsequentlyialkydptad withd 4tdibsemobuignero imttasuehbrogtoalkiyh grouphetapitnibes .

~Avoiding infection of these npter.i I ram ' 1 b
surgery. l@g ‘ePi 1§h l‘jvseé%IHIF%Feag%g he a%.?]% @%‘%g?“ggogg% ﬁ%}@%lj}eggﬁ?%&geg%g’t%{el%g'

f or nul at edy)t Undachedendifiénsalsad, TRty £ wpehtite @bupde theBVRRhain (yrdxiantely

Certain inplantabl e devices intended to restore structural s@g}ﬁ%l ity to

body part 3.2 8PysdineRraw s sian\are pikylated By the sunfaeeiboundpromq ith'the
conmpounds. A few exanples follow, and others will be readily identified by
ordinary skilled artisans. Inplantable devices, used to replace bones or
joints or teeth, act as prostheses or substitutes for the normal structure
30 present at that anatonmic site. Metall+@8-and ceramics are commonly used
for orthopedic and dental prostheses. Inplants nmay be anchored in place
with cenents |ike polynethylinethacrylate. Prosthetic joint surfaces can be
fabricated from polyners such as -38 WO 02/ 085s2 PCT/ US02/ 11983 si licones

o 1 - - T - o, r M - .




20 synthetic biomaterials are available for simlar applications.

Crani of aci al surgical reconstruction can involve inplantable devices for
restoringygsypsaly deformed facial contours in addition tQCHﬁ‘psozt/ﬁg ni ques
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bacteria into the relatively sterile distal airways of the lung. These
devices are adaptable to the incorporation or the topical application of
sul fate ester AF agents to reduce biofilin formati on and subsequent

i nfectious conplications. As another examd®-e, a w de range of vascul ar
catheters are fabricated for vascular access. Tenporary intravenous
catheters are placed distally, while central venous catheters are placed in
the nore proximal |arge veins. Catheter systens can include those installed
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easily and safely placed. Incorporation of sulfate ester AF agents within
catheter materials or application of these agents to catheter materials can
reduce f i angd biofilmformation, thereby contributin rql.enged

pat ency (%’btoggs’dégi ces and mnimzing the risk 25 of inf eg?{”@a@“%ﬁ
conplications. As another ex , a ary al nag e | ed to drain
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nonet hel ess be dangerous, acconpani ed by pain and high fever. Uinary tract
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j eop ize the function of the,30 kidney.,|ncorporati.ng,su]f.ate r AF

hgent S cafrthfipmiiRe iBreRes GR ROy A iy B ADOHR rletRl M ¢ hese
i nf ect i oUsDPEIHde Gl ipPiRed irflo b PblybiSTene PR HiSiatang An AREME k@peskidmos ol ogi cal

catheters is encrustation, a _process by which inorganic conpounds
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biofilrn formation by the action of sulfate éster AF agents may contribute
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O her catheter-like devices exist that can be treated with AF agents. For

exanpl e, surgical drains, chest tubes, henovacs and the |i ke can be
advant ageously treated with -31-




materials to inpair biofilmformation. O her exanples of such devices wl|
be famliar to ordinary practitioners in these arts. Materials applied to
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determ ned by }he characteristics of the -43 WO U2/ 08ss.12 .

PCTI Us02/ PIEES'PEt i cul ar medical use. Cther exanpl es of applications in

medi cal envi r ORFE&nSn IFo. BB 0BRLS il SEMSAIRowidltd aliferd RAG] HIDPERYES FRRED DY
those of ordinary skill in the relevant arts. Exeniplificatio~r The

i nvent i onasoneeasyy distinguishaplenedemies 2ithertSiQh- nor P oradifiesdDPY slideser st ood

pur poris SR b tpate B AR R R B BRIl R T b e ot csent

i nvent i onadhasion. deweet, dsrtanddaie.taa, Fighi, thetlughbeNVES thuPdus cOlonidsae@vn on a
Derivatizatiott Exanple_l: 10 Method A A | ~TH~-?I ass _slide

(am nopr ob-PVRenadiisd HDERslidslunpedi98 foké disie@lse Tabdesd)- was pl aced in 90 nl
of dry dichloronethane containing 1 nL of triethylamne. After cooling to
4C, 10 nL of acryloyl chloride was added, and the reaction m xture was
stirred ihabledol d room overni ght and then at roomtenperature for 2 h. The

acyl d NH2- ss .slides 15 rinsed wth a nethanol/triethyl am ne
ot (1 1 it o ey RERBicove T tpthed togAToHS carBrr il Pl Mok he
NHZ gr oupg, 191 wab@b&theBactshid siecsiiadace before (6.6 ~ 0.1 x 10" 1o mol/crnz)
and after_(3.3 ~ 0.2 x 10°1 nol/cnR) the acryloylation using the picric

acid Percentage of bacteria killed
Bacterium Type
HDPE LDPE PP nylon PET
S. aureus Gram (+) 98+1 991 97+2 97+1 9941
E. coli Gram (-) 972 98+2 n.d. 99+1 98+1

Suspensions of bacteria (2x10° cells/mL for S. aureus and 4x10° cells/mL for E.

coli) in PBS, pH 7.0, was allowed to adhere to the hexyl-PVP-modified polymer surfaces
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titration (17), sonme half of the surface-bound am no groups reacted with
acryl oyl chloride. The gl ass-bonded acryl oyl noieties were then

copol yrer sih 4-vinylpyridine. 20 Perchloric acid (9 20%
sol ution ‘fwé%\?\g%!e? was degassed, and 30 ng of Ce(S04)a mzagcg}gé'gzéug der
HRB,

argon. Af tider bhdkil atSt7PC For' 0k, B sRAEAL Q¥ RL & wEh %ﬁl&ﬁ%@% RGAS |
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,N—allcylated( | i erivati lide
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reaction re at 75C for 24 h, the slide was rinsed with acetone,
t hor oughl B 40 AYSQUASHSREHBIN £1oW AR of distingrishablesolmmipspaigithe ), and

air dri edgo&@ﬁggﬂlce%rt 2t Bftohict 6 BDBECRAA)and PRI bRA AR Q@u& g _pyridine

rings of PVP should be N-a cy ate ese con I ons
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| f f | d |_ed Und h
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not adsorb fluorescein). After sing wt , a stal fed
sl i de wascgllsgzomgaied tQElemanﬂSpcmldmgmnmo%fmdtshdggMthdeﬂmgtefﬁdmtctvg lof 88@ONi um

chloride jn,distil]ed to desorb the dye. The
absor banc%&éfolbf‘%edog’ ﬁ@?ﬁff‘%‘ﬁ?ﬁ E@E?ff's‘l i%"lt H}B flon was nmeasured at 501 nm
(after adding 4% fe ekpditicit c%'ﬁdﬁﬁﬁ@ﬂh‘%@M&H@tﬁn@f%ﬁ&émm@dﬁpﬁ)&}ues-@e

i ndependent |y determ ned extinction coefficient of fluorescein I'n this
sol ution mﬁéexﬂcﬁq@mdbﬁed?ﬂldﬁmgalmﬁhwuerborm baetesiagvere diffaterftfieonethose for

ool Y] CAMRRT odetyide 80k Ml RS e Rl i adhse Ml Pkl o e

appr oxi maTethis nd] yaelemLmBJn@)daﬁéd HDPE&MHc RYEindnbasefor 2 fSterildBBE §lithow ng
anounts 20 of the attached hexgl -PVP were determ ned (assum ng that nore

than 90% grkingat 31 removes], pedy| aw e )cellswereraddedtoghg tamainiogeelnton. Ahe 2. 8 ~

( rret hod WE@S?’ % %ﬁvpvggﬁg%% gw b 31768 F?{Of%gnggl%%ﬁwabeﬁ 82 yﬁablﬁ\l}’g"tggarg/ o
i mobi | i zgghs kyasWetchathed by tsbféaﬂi‘nghﬂﬁﬂ 608 dbat, SOBEWe by inBEbAoh aESed

pol ycation was estimted to be 0 nononmer units. 25 Antiniicf~obi aI
suscedt i bovernmightd Ehe numberafthaoierishcatgies Obsetvsiiﬁ%nhﬁvb dﬂ 1t @CL, poinpided with

St aphyl T t St d di
Cor o ¢yl BRI g & TacEPAnlL, PRt e 85 bt SaRR BB B RS "Col ' ( 2
605) in Oantibbbiefialegus RIFSHLRXEI-PVPhddifled HWEOS‘Hdg%ﬂhg’ th®actérial adhesion

experiment, and the waterborne bacteria must indeed be killed on contact with the

derivatized surface.

30  Mechanism of attacking bacteria

Tethered amphipathic polycations described in this study and soluble cationic
antimicrobials probably share a similar mechanism of attacking bacteria. Polycations, such

as polymyxin B and antimicrobial cationic peptides of animals, displace the divalent cations
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30 cells/nm) was added to 50 nL of a yeast-dextrose broth (prepared as
described by Cunliffe et al. (21)) in a sterile Erlenneyer flask. The

suspensi QPo\aassspcubat ed at 37C with shaking at 200 rpm f < After
centrifugation ’(2, 700 rpm 10 mn), the bacterial cells _Péggsé:/%s

02/ 0855. 1iRat¥oTd 130MBéAhY &3@4@6@ oNaRE durthdelde tHRNEhdpBh AT REREEEL Bk, Eie%b'g' | ed
water at a concentration of 106 cells per nmL (10" i'n the case of "E. coli).
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Copr ay 1 daall MTER BN ke 5 HR] ) Thinft eTEingaih B8 PpnconFien e st
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in a yeast-dextrose broth, autoclaved, and cooled to 37 was added. The
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. The bacter| ed.qn. distilled water..and sprayed .onto t surface
of a 10 r?%g:‘ﬁf%l@gl %1 a g‘ ?ﬁggﬁ)grﬁ)ogéﬁl ??ngﬁatbcfn ar lﬁbﬁ?ﬁg 5‘88\3/?"8 dpmage %ﬂﬁﬁmmn
met hod ofinsgrmeanbrage hasdieen dedcribed fe pbRSXEETIRS @tivd of frRfmoBIBEPhSlycdons
or just breathing. To determ ne the nunber of

tal ki ng, sneezing, coughjng, _ 0 )

vi abl e baAEPES %F %6@17@gﬁwegﬁ@eﬁl% - ey and St epieermidis pxabablly reqwrdsowi ng a
2-mn air g, I . X cieria.able to
prolifer tegét %{rb%iOf\éﬁcn%tlggﬁﬁ‘%qg%gg{hagﬁ g&?k@%@%@%@ﬁl}ggﬁqﬂqsﬁ?‘éct i ous

G amlfosiembraid HrattrieidaliactiShap hmphipathicessionidragtiscptios suSesh Fedralkb@uini ti al
st udi es. Xt abNHZéigl ass.s|/ide was acylated with acr,yl_ogl chloride to

i ntroducé |98 LSRRI IQraRRY N\ ASRIBHIFERREPOSItAYS Ragtorip dhdue Rmarilsye i di ne.
Such an i{gEaRiHtié P}y@%. hep el .same number
of viable S aglgggﬁ%éecll as' t&e@grsn%?dgy']%%{tgﬁg?'l%g?g@gﬁ%ﬁ%pg%@ron onto its
surface a¥erdizption mnliBespregnséd. Block]RS. [ippdhcost Williwas & Wilkivis oduce 20

iti h i t PVP. chali .att d to gl .. To_thi d, th
D AR e P B s b e e RS e o i e
(wi t hschapeveligRgtims SYBENGJRE, ﬁ.ﬁ@g@o@bp@wnu;fcfoywtﬁgaggl@yzb)wrhlh%4{ m'.sé@a.t . slides

were examned with respect to their” abil on contact aut eus
cel | s sprscedhaestinagas avarags dength of the YehexyRieddoP {Mathed A)hsit § hat eith some

hexyl at ed n ctyl ated i iljized PVP chai were effective in markedly
reduci ng %Wféb“g‘é(%ﬁu‘\r/%&z?ﬁ% a%ﬁr%ioﬂﬁﬁtt @Pil%fferc‘f@iﬁaé’,eant%ﬂ’teﬁéh %’@t effective,
hexyl - PVRvadit&lt@phehtdn94 ~ 4% reduction . (See right portion of Figure 1).

Exanple 6 Using a gl ass slide surface nodified with hexyl-PVP (henceforth
referred to asSuchavrigneapedibientiops past brodadily, pertormiad withestuauber béotbact eri ci dal

ff f I h 0 G Ltive.b [ S.
cpi aepr y rigRids SR eV BBk WP RERRE) hpSuetfiantry o

aer ugi r aaspvenkifesulch setfadeso f or med col oni es of the sane size as S. aureus
rti.on) when sprayed on NH2-gl ass slides, whereas the

Fig. 1, lef ! .
_((:o: ni e of L.ﬁ(&&mwwlﬁcs%wmébe YﬁP@é}Ut%ﬁﬁl?BStﬁuWepﬁbEttP hiplegierdbl e. As seen
in Tabl e JLn(Rided vﬁ)%mﬁéi‘@or@%ﬂ?ﬁ% ?{gf dsug%qggﬁterﬁofﬁh{ forftion Vﬁleggflpxo 8SS5~2

PCT/ US02/ 11983 t hree bacter rsprayl ng ont o nhexy “PVP- sl i des
dr opped rompotinisract@dirfgnb dhecpregeat Etedtontdar ppdvennsublidbigba fom Betdpansi ons

106 [1s/ f the f.irst 3. bacteri d 107 | | shnL f t.he | ast
(100 e Lot 00, A sttt g T80 el et Tor che st one
surfaces,ysad fo FF6MRE matkrA and gﬁ%tﬁetid REERAL BListM &S c&tﬁ%@@%thh&rﬁg%%ﬁioﬁgr' al

growt h medi umover ni ght, and e colonies were coun e nu
vi abl e cenlted fpreplaving those shiectsithet Inava abreadyi subtamediinefection, oiNHat ayk iendeli des

d d i.e.. 0%0f the bacteria killed) FExanple 7
At i bact 41 eGP BRET i sRetpmis it 4086 1BBF ot b beAshIary SEHRAG: of ass

~ slides Naturally derived processed materials commonly are positioned in the body in order

2O

30  to provide a structure for ingrowth of the patient’s own tissues. Examples include
demineralized bone materials and hydroxyapatite. These materials are destined to be
infiltrated or replaced entirely by the patient’s tissue, during which time the exogenous

material retains the desired shape or structural support in the affected area. These materials
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10 were analyzed in different procedure using a NHZ-gl ass slide was
al kyl ated with 1,4 di bronobutane to introduce reactive bronobutyl groups,

w uch V\er\goqg}&gggently used for the attachnent of PVP. TpET[F(g s @t
surface was not able to kill S. aureus cells upon spraying 0 inCrease the

positive mBRkEGeLfre hbﬁ-lﬁlrfg]afﬁﬁ%daf Wr COBloRZatid6r BRI AseMAS Githur t her
N-al kyl ated them wi th hex brom de After S. aureus cells were sprayed, air

dried, 15msmi@|ore@nlsms end blpﬁém fesnation gan WQRIW theiypewbyaledf thhembatabist h r ef er r ed

to as tho [ thod B essent i e as

e ri g RERERARE Sfkogtr MRLen R s CP G SRR b Moptaled Gl B 8o attor |

- the deposbky ﬁﬂ;u&n Qx%mm&lﬁ%inSA Ti€atioh lof €6mpduids bagie ifRINUBA to thede thhtBals Of
ensions (106 cells/m, for the first 3 bacteria and 10

Table 1). Sus
cel | s/, and‘rnﬁﬂflt?@ th@lsreswf@ye Qvoblgﬁhrbﬁszm@twlaandqltwomquewswt er were sprayed

AR R e R I

count ed. fiélds mHEFed&alO)f suifaBlel for thelabplicatib@bi@borpbratib of soRp&RIAR6f thei t h
commerci a] NHZ-glass slides was used as_a standard (i.e.,, 0% of the

bacteri a WPIH&!I!) A materfahean hgconfagted; with the cleimedcampopsdeinga varigbpef Waysde (7.5
X 2.5 cm gﬁ{@&nﬁ’éﬁ%' i oBlimg, T Rfims Wkr¥BE nBHaf AASHrekBicke AR 1A3PY

al cohol for rinse soI vent, and or 30 mn.
Next , 1a hecdmmmind Cox radidel th@)smpﬁrathcplid dnhs afgehrmbﬁﬂa@rbmahdiﬁ lcahn pertriethe ( Sur A

| nstrunen GrbH, Je fanned over the slide surface for 15
s, and t hég?F fos %s‘f”élﬂeg@ QR Ql'm $°1§’(? 03@% Hicg 3¢ recoprruchnpblegksedf gas

m xt ure / I

pr opane/ glfluy &éﬁ%ﬁ?h’t’it@%&n % 9?&?}1&96‘\’%9%1 %@%gﬁl’)&sﬁg{ﬁg@éa@%at@ﬁ% ph%g% slide was
t hen pl acEkksk meapaadGtecas lod appjrcambn &eapproppate iy theseahdterials bicanse théy iliych
Chem cal ry tol uene, cubated with stirring at
room tenp@?lgﬁl‘,l‘iwh‘e ng%e%reélpo@ %Soﬁ‘@ﬁ/%éﬂ’é? 983 for 3 h, rinsed wth

tol uepe and ”Eirﬁiﬁﬂﬂ’chblemléi'[ L N ﬁhficﬁl’ﬁﬁ@hgﬂtalon@'o?%?%ong?mat%h?{tl?r A.

& Vonderschmtt, : new net hod for coupling glucose ogenase to
gl ass tub@@ulaliwdvawhrrWenalsx ¢andmtmatede’nﬂmhnpmndsaeltlﬁEB$sméacb codiBfg ordy6- 318
( 1982). The NH fun nal i H ed with a mxture
ot 10 ni. BemPiRgHE FoaR Ray e il wissp B BheieiPatsntil et oS of

ni t r onet hgidgidal Propiticsi HceMairb@ebddherits bf @B grésbmﬁaan\ﬁbh Nméthis nefEgehane,

fol | owed by addition of a freshly prepared solution of 9 g of PVP

( mol ecul ateaigd with pamtsigovidoadhgramd layeispf aqum_erswr osranpiosrihinnerperatt the ni of

lbro e rjic r .9 h skl at 75C the i de was
thor ot gmpdrob B Rl GhraiehyBhe Berstisatidb BPnhckanivate e 2
Slides (afdr oﬁh&p@ﬂl&a}ﬁ)lmmdm fo@eﬁarﬁ]ﬁé s, b@aﬁs ,(oPaby/ artE"oﬂ&lttllﬁ@&l fomtk, PP,

nyl on (ty&e 6/6) (Plastic Materja d evel and, and PET (Weat on,
MITvillel Flnpﬁs\f@ﬁérfa%ﬂlmlmztéﬁmeéﬂs Ewibiglosipal usaate welbkepyw in thg relgytant hat

PET in th Sﬁﬁeﬁhgﬁn\ﬁﬁ%eélﬂgﬁrﬁ@lﬁ S%%.n @Q 96&1:?@ Evﬁqﬁgyﬁ%%?c%gs&; E’@ ~aal ySI S

Exanpl e 9 e ~-ra hot ron spec DPE sl i de
was recoral:tedrdmgtrmghapférsattosveﬁmnaé]hbmdmasappmmﬂnl(etﬁh&tsos Anal ytical, New

York,,J ~T"Y) 150 W Al Ka nonochrongt or, Exanpl e 10 A
oyl 2. crer | R RotEE STiReS WAk oIS Suioble for e el Bher cal

instant claimed compounds. Embodiments whose components incorporate compounds of

the invention can include polymers, ceramics and other substances. Materials fabricated
from artificial materials can also be destined for resorption when they are placed in the
body. Such materials can be called bioabsorbable. As an example, polyglycolic acid

30  polymers can be used to fabricate sutures and orthopedic devices. Those of ordinary skill in
these arts will be familiar with techniques for incorporating agents into the polymers used
to shape formed articles for medical applications. AF agents can also be incorporated into

glues, cements or adhesives, or in other materials used to fix structures within the body or
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20 Co., St. Louis, MJ) solution in distilled water, shaken for 5 mll,
thoroughly rinsed with water, and placed in a 0.25% aqueous sol ution of

cetyltri ngroni um chl oride (Al drich). After shakingpép ATogy 10%
(v/v) of n%,b I\féaqueous phosphate buffer, pH 8.0, was addeldét/gst e sol ution,

t he absor RafigerewaD1MeAS W iRkdy dtru&tirk. TE“x”bmg[Hﬂ 1ﬁd1@de!}wl§&ﬂéth Tmdfyct atelauamgr oups
SCri

on the surface was cal cul ated as de ed earlier. | er, .C., Liao, C

25 J., Lewlajed ¢ompouids,braedipr the affixaos; of wrthgpestie mat@sltatl paastiiesss wigintha i a on

cont act c m cr obi al
ot ency a8l rHeHipsenté &tne BohoqitaSafng Hirart BknRGH Parl &HGsAe bibt. 1 ©L !
. suspensi Oforfnad&inPthbde Svlfucﬁﬁres&u centact (waitll @k BludDcendd, or adléstie. MARmaRRB), aVA)

or E. coli (strain ZK 650, provided by Dr. Gary_ Bonner, Harvard Medi cal
School j |ﬁomp%mm%la?e@u@ltpesaaewercalbwnrleete(ﬂaer)mw Aricls Jn 1these cel | s/ )

. to 50 mL e et
- St RAS L RS 3icl Bched BERBE PEuRBORPRERL BF Aol Poltln® O
C & Vul f gereof,Enfs. the sﬁBoundldenﬁ)ﬁblﬂﬂaﬁﬂeﬂ%&ifbtéﬁ@ﬂt&rﬂg]ﬁ&&@a%ela @ianaglhesi on
at synt hetl urfaces. Appl. E~ivirofz. crohi 65, 4995-500 1999).
The suspeH IGERCAPFHIERRAERE AOTPPENGS G2 1w§ %ci%dzbélerlﬁﬁtrrldr %éétsnﬂs The
ability o ed
earlier. Iﬂ"?ﬁ’ré’?ﬁﬁl?% 8?11?0@%50%1é%ﬁﬁ\?{bﬁogﬁféﬁﬁﬁ@cw@%air?g\q/lalﬂ%\ O?A%e%{edg |Pgn| ng
surf at@és tkatesksdme bfawhieh i Bsadesed balpwe tOther ommpledarill. beAeatily aBparentdoS. A

98, 5981- 985 2001). Bacterial .cells were centrifuged at 2,700 rpmfor 10
mn, wash e qquénw%glfm&haade suspended at a concentration of

106 cells per m—oﬁé)éml%dn%b'ﬁteébﬁnﬁdiﬂdégﬁth@ Hvehtiorr 8 be abpBedRLIrehd ofﬁf%h'
concentration was assessed assum ng that the optical density of at 540

nmis equivetdram medicapievsrs that o yntagieddebe beﬁparposmon nslogmanemtly{o repiem(elrt J.

& Feij en, coagul ase- ne ive,sta COC!

ot vl Kt S uRdioRs S sheFsmite Ve onitfiL it AR e AineShuns aue o5
(1986)5 Adbasddab 'p?éveﬁﬂée@@ﬂ&ﬁﬁhl‘iﬁﬁi 618 RoBEVtiAY &6l 1R Hrfin V\/\E@ﬂléﬁ@\ﬁ/h@dehﬂﬁnhln a
fume hood using a conmercial chromat ography sprayer h Bost on

( spr ayi ng dranage hannslrasg impaiedy Asdond dsthe FhunAﬁtT@th’éﬁr, uithis peventedifiemunder

air, the slide I d.in rin
Jeast - dox AFRERIAIE R HE R 33‘8 b aifbrich g%%‘%ﬁ\@%?ﬁ\ﬁ;és RSO T
was cl oseguncier! fRfd addtehiilfeshat @%paéssé’sﬂﬁe Bmﬁr ,WighpoterthidlygiteviRehadner i al

col onies were counted on a | i ght box (Picker International, Ceveland, OH)

whi ch magefieste &t the sherd beeqaaes ipEeird ah canspom BiccHan tq)art%tbr cegitraljportipps ohe

g of 2t y iy AP GE By G CORGRANERERoR Rt Bbonh Mol AERRRT

added ont @lakiomeg bﬂmdnhetg:atynwme pamgf thiewr fabrioeﬁbmdSiIr@omdsrad@und&tstdodttbé;es urface

was conpletely wetfe Thi s, pr.ocedure was repeated after 2 h: the stained
ol oni o5, BIeGIAY SHITLIoRF O b IREHOR W UG B1ds REr e 18 hegiescat Taystios

wat er bor ne  bactgiokiy sl‘i’rﬂﬁft}% h§4 lu%fs!?{u%g‘ﬁ‘ﬁg&‘t SENGihIvE RGNS pRRed HpolpAOr 10

mn, washed twce wth PBS at suspended i n the sanme buffer and
di | ut ed t gulfing ﬂﬁxmeﬁﬂ@am’rerymncbi véBH (W fm@rmtDpHOmdca]wkldneﬂaﬂmlpa)lentA 25
plasti¢ slide was e n45rrLo t hi.s su nsr

Chaki 45 ammesoeby phcliife SnlbisRubreR sRorigRist e ioR et EVRETE T e e
slide in thhm 86w rcbhdhd:’ Bs sﬁs@@ﬁfﬂl@fo&hé/ fd%ﬁl‘éﬁbl?@f Ufoﬁﬁns'ialﬁ' s%BséélUént(i’h’Fectﬂfn the
solid grovvt agar 5% agar in the bacterial growth medium autoclaved,

poured i ntacshantrbewme@mﬁwtedandecunneedenurmaband@gh@euerpr @mﬂealms mayhe a

t enper at un over ni and bat P sh

over ni ght ﬂlég %’Gcgs %ﬁélrsrn?aﬁe t%er 8hi elg rk%‘?% %%tfgges ‘%er ee§c ah a%tbegagghed

, Exayl e 12 ifAeliysirblcstofavbrdreingad retadveznd tmtlglzuﬁ@itm(lycdxﬁmhcahbns Imbedding

hexyl pél‘l dittiunt) kill airborfte, waterborrte, arid deposited bacteria -49

WO 02808859r erbepew cagsgtingdbacompaids of the insaten §ith hashvabmatgalaan heve  or
coval ent | %mg%éx%ﬁtéff_'ewg the surfaces of

Heart valves comprising artificial material are understood to be vulnerable to the

dangerous complication of prosthetic valve endocarditis. Once established, it carries a
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comon nmaterials with a designed antibacterial polycation, polyvinyl-
pyridinium bromde), wherein the first, key step involves surface coating

with a nap gl BXN§ds,pf silica. Various corrnnercial syntheti QCPRJISX%(E}&M

derivatized in th| s manner becone bactericidal they kill upto

deposi t edyophgielk ak IM\@%WO% rBfamﬂwmﬁmegaﬁmmweuw thealtielchRBmed ik ve
bacteria on contact. have di scovered a novel non-rel ease strategy for

creating benditean. chidkrksest theendy trapimeht fon@siab/l@bectmmemtl@roathﬁghgd%ﬁt h | ong

o oP oo iRt R B R PR Aol e, TREedridhrelVElve Rl 4% 1o

. el ectr ost phmediaeBiieplaoe, sﬁ%dﬂ&ﬂﬁ@@b@nﬂo@‘ﬁﬁfcﬁbﬁmh@ﬂgf eEétiahéH‘th@ﬁ@lV)(l@lﬁveli)@ abl e
to penetrate bacterjal cell menbranes. As a result, glass slides covalently

nodi fi%®d mmgurp@ntgdnwlecwt}yaamapwat@ﬂ Hewri Ew@mmm)fq W@ﬁ@ﬁﬁﬂme wer e found
- to Kill up, o, a8f0h oyl hLALASRAGNERIYs ddh. Alificlak AR GarviRoiaplsty at e
xl% Sg¢ i g co

greatl y € range o acterici teri a 1 Nc nnnon
synt heti Ctlfe@bwmﬁﬁds dfﬂhéimlv&glcmﬁna}aregeéwthahn@dﬂhﬁacﬁprﬁﬁﬂ iafdretafemat i zati on
15 procedure_has been discovered that will be applicable to m)st material s

regar dl esBrogthetiggalve gagogarditiss{campquads pithe M‘ﬂ‘?&“‘?lb‘iﬁné%e@tﬁphﬁq tpdhe syatastient | y

nonbact erj d with hexyl - PVP have been
denonst ra?g%‘ ﬁgo rk@?% a‘ﬁtyg& ﬁ%ﬁ@@%ﬂ%@ﬁ‘ﬁ and Gram negative bacteria
deposlted, t hr Ba@h’na(kbtshﬁd agtiffciad implahtble dufibreillatos consneflpcesprideahetailial s 20
Fl uorescein and Cr stal Violet . pur chased from S em cal
Co. 3-Ani H%Srla.&y P}%@W&%t %{ﬁénthitwoma%  dhese @ém twh%mﬁ%gﬁ%%]

cht or) de. ool Bkl 6PYERLorBL BEHLRY Bl 10 LutBlnkabap!) and

al | other s used In this vvor al “grade or purer) were
obt ai ned intmmuéd:ldan lobatione wiithairéSmr odred el.esﬁntal/detvb@s: extending entrathoracicaigor on.

oLy pr opy REEHBRY. THES AT biseinesSh SR ithaR ISP B R RIS L

( Ren015 NVie r&meaowﬁéwéﬁ&ecawe%@méw 1ﬁtaQ1)iffér€E%cé@%nV§h%hglﬂth@M dribyille,

NJ). A hand-held burner containing 0.6% (v/v) tetranethylsilane in a
pr opane/ bingaaurpipernf appmpnﬁicxnmla@ta(upy sidesi 9r) thededy. rlamlszsrcAmlpnsmg trent s GrbH
(Jena, Gernman ~- | ti ] ide Xn2.5 ¢cm
was soni c&?IBBX‘B Siog g}f’rl%‘iﬂ%gﬂ% H{B}F‘%% Pn%‘lwﬂgn)‘°nra?‘f§’§%"%\?m{ h%?nt?blp’vent and
dried at @Qacé e rof therBof, Next, the front (oxidizing) part of the flame of a
hand- hel d bur ner Was'faarred.over the slide surface for 15 s, and the slide
was stored undBeviges iraplantad gtie thebedy gither-teperedlyDPEIBAICHEY (U hen pl aced

i nt 20% sQl.ut
it nog? opy i FeEpBRaCdaetisdd e W SER B el Ad® foimBifation with g
t enper at uggnthéic Mabrialk. Bﬁﬁddfwxdeb, t&mhedanﬁlsmq;umr@mie enafuliy fiplatdediocen ai r

overnight (Bisse et al., 19 .. The NHzZ-functionalized HDPE slide was then
treated wPfRaBialy inplagteds The dﬁeﬂcq)maz ba pestigy b etirelycovered with agrolymeric

trlethyla h and
rinsed wt %nf ?%ﬁ%nﬁn Plogll&ggagﬂﬁ&? %%Q%&HP& #@2@%}}&9&0@6&1 e

sol uti on agerfls gecofdindy/ie thepﬂa&enﬂun&hﬁm intotietdoatires matdridld imposed upebtlesmwhexane.
After h of, stirrjing at [ tho h ri.nsed w.th_ oethanol
and_ 4?3t | fPtiesseint H BatsRbser s e icoa b oh o apnduds o (i RS o)
of LDPE, %ylmbg%elmtﬁg}iawﬁdqﬁfew@{l zed follow ng the same protocol,
except that "PET in the last step was treated at 60C i nstead of 75C. 10

X-ray Pl aot oel Equaldmhspaaumg as tlagpvaribhe vascnlay gmtﬁrmmbéb@se@nncbmm imjended ta he

Ok at oo, AREPys blasked ffarts or RISk diiesdhrlsift R pdohlal sritgprbiéeel ™"
Tit~~ati Oﬁi’ad@Bf PoflbR el Gofe-tbk® ¢k ph@dnsolytetrafluoroethylene (e-PTFE), and

30 related materials, are available for use on any major blood vessel in the body. Commonly,

for example, vascular grafting prostheses are used to bypass vessels in the leg and are used’
to substitute for a damaged aorta. They are put in place by being sewn into the end or the

side of a normal blood vessel upstream and downstream of the area to be bypassed or
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15 A hexyl -PVP-derivatized slide was placed in a 1 % fluorescein solution
in distilled water, shaken for 5 mn, thoroughly rinsed with water, and

pl aced | Q,y0 aqueous sol ution of cetyltrinet hyl ammo de.
After sha ?r?gm% #2/5 mn, 10% (v/v) of 0.1 M aqueous phospﬁbf/%% §e3Ir

8.0, was pgfhgdd e tﬁakemo%alﬂaws%mhhsnﬁé}wahﬁt@q& V@s@ulﬁ??ﬁﬁ{r@%r@éthé%ow and
the nunber” of pyridiniumgroups on the surface was calcul ated as descri bed

20 ear| i edelivareittp othsi pemis blooé(}’@@ﬁbcﬁt@@ eomirisitg wetallisfamasicavered with

I d 00 S 3380
CHo e e LSRR o RHERERRAO e SR Bl Bt e R g R PR e,
Har var d I\/@ﬁha:g“@hbﬁgbuqx@bgelg n 0.1 M aqueous PBS buffer, pH 7.0 (approxi mately

" 1011 25 cells/nL) to 50 rnL_of a yeast-dextrose br ot h (prepared as
descridbed by COwhfermatedel uspd to azlgb@)vaﬁwl%r guléipg prosthepesripagupal plepgivessplie

- suspensi of, s SRR A0, R AR Gl 8o B in B AP hihok REa g 00

to kill arr rne Cterira was escr I er

2001) . Bathesy pirthoseebtecongtienly enté bfptg&ﬁieaiyl&l Jﬂﬁhérpmﬁdmalﬁﬁatmsn was hed
with disti IIed 30 water, and re-suspended at a congentration of 106 cells

per ni fonongbserhsbieimaigsials: gin néretien thapbeginsa sygEe BRg ean x&end @ Srodt that i on
oqui var onfReurE pHRbrboiReis Y0R8 bofial R s gl colytbufl of 1 inio

bact er0 al quﬂmvsummaMreslhmncesmm&ambmnto a polyner slide in a furre hood
using a comercial -51, WD Q2/08ss-42 PCT/ US02/ 11 83 .chromat

sprayer (WR, B&p@ﬁ?pwpleggﬁlgg?%s %ﬁt whely a fciep @ Jﬁﬁ&‘@cg%mwnﬁ%f% H). After
drying fopoé meg/ MRESTo B femolBEsSthhitBe WS RINRAE Be bonifo1RR8! For Sladible, 3n

growt h agar % agar | n yeast-dextrose broth, autoclaved, and cooled to
37C) was sujd@d bechiree idfestedythisy olay nieel tosl:s@duaicalbnrdmlomﬂmalbw the ir8¥ation to

(P cker | B Pt ey e BheR antier PSR R GNPF DS (4 RBo R #THEP Dot ween

col oni®es nFhinBQhHERIns Thi Pénetrbf? tb hsep%a&@e@fofmel tRBuesttd rvRRE! Bei @ m&eligni es
were stained after the incubation: ng of Crystal Violet was dissolved in

| 00 i of thaf bas Heew tsadesgartapd dwmmmﬂtoonm anmaxgpbvdaemuagane copvmlnrepeited

i nfected untl the surfac Thi rocedure was
Fopeat ed By ek h plastiCSrfiti i ReftaRalRc B s dfthiee A G BeRSS it Ly
pol ymer s wegdd 6 $heeiteR@hbRRThe MBSHEHR BEAELpIRS R lidvoNAABE BicsRbtsdlf rddmitivey ©
centrifuged at 2,700 rpmfor 10 m n, washed twce with PBS (pH 7.0),
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30 present at that anatomic site. Metallics and ceramics are commonly used for orthopedic and

dental prostheses. Implants may be anchored in place with cements like

polymethylmethacrylate. Prosthetic joint surfaces can be fabricated from polymers such as

-38-



vapor deposition technique (Schinkinger et al., 2001). To this end, we
enpl oyed (step #1 in Figure 4) a pen-like torch containing a conpressed

m xture ofoQeffesi£tramet hyl silane with 7:3 propane-butane i b, Wen
this mxture bur\ns inthe air, tetranethylsilane is 30 oxféﬂé@’tl% orm
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a suspension in distilled water of the ubiquitous pathogen G aln-positive 5

bact e?q unfSt Hphipvesedeiagast sscoptpstion dissucsexpanders caugdso keased b ippenstgeling a

. slide sur ad MBSk dy t. r . Sl ;
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col onies grown on 10 the Si 02-coated or NHzZ-functionalized HDPE slides
(Figure 4) was essentially the same indicating that these nodifications are
not toxic to S. aureus. In striking contrast, when sprayed onto a

hexyl - PVP- nodi fi ed HDPE slide, 96t3% of t3fe deposited bacterial cells died,
i.e., becanme non-viable (Figure 5a, y~ight, and Table |I). 15 Table |I. The
ability of various comrercial synthetic polyners derivatized by hexyl-PVP
to kill airborne bacteria on contact. Percentage of bacteria killed
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25 was used as a standard (i.e., 0%of the bacteria killed). Al
experiments were perforned at least in duplicate, and the errors given

i ndi cate angdard deviations. -54 WD 02/ 08sS~2 PCT/ 83 L DPE,
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irreversibly Wenceg and Fl etcher, 1995). After rinsing the sl | de with
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all genui ne y at bact S are cap e surface,
and t hosemicroorganisms to the more internal anatomic area commonly causes local and systemic

o

25  infections.

As an example, biofilm formation on soft contact lenses is understood to be a risk
factor for contact-lens associated corneal infection. The eye itself is vulnerable to
infections due to biofilm production. Incorporating an antifouling agent in the contact lens
itself and in the contact lens case can reduce the formation of biofilms, thereby reducing

30 risk of infection. Sulfate ester AF agents can also be incorporated in ophthalmic
preparations that are periodically instilled in the eye.

As another example, biofilms are understood to be responsible for infections

originating in tympanostomy tubes and in artificial larynxes. Biofilms further reside in
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of themstill viable can proliferate and form col oiues. As seen in Figure
6a, left, S. aur-eus cells allowed to adhere to an HDPE sl ide form numerous

easi ly digpigRgssgabl e col oi ues. Neither Si02- nor NH2- SPGJB/E\%@Z?FQFE
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sli des vvegt@n?ébn@ﬁbmymr?c@tédwftalplataaé)i}até?ME_c\aﬁ b8 inkafdd PenBY dhagktl g6l ties of

" the polycation, and the antibacCterial efficiency against airborne or

wat er¥br niligry tegerte kesp heldpet apgn serthas blechnpasoirdughatl Biionyesludge vatden i n

Figure 7, terl Gl .effect IS r-essed onl y n..t he surface
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observations show the critical dependence of the material's ability to kill
bacteria on the density of coverage of its surface wth the polycation. 30
In closi have devel oped a general nethod of derivatjzi aces

W th thqu(r%tolwﬁ%(? erial polyner hexyl-PVP applicable to cohériﬁ/ﬁg?‘?zlﬁgegr}i al s.
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biofilms: a common 10 cause of persistent infections. Science
286: 1318-negtoneaknavitys flhisfornsehdilysia,is a aicinativie tcheyodinkysis fengertaipgenal

: - . ) ' : M.cr obiol
T65: 4095 2063 PGl GBiFPRGAEM EpdH GEERReo{ e BRYGRA MG BB er e | e
4: 293P 95conkiitgite Wblodkank aid infectibei A® ihfdetioh WerinddiResdridoneal cavity is termed a

coagul ase- negat.i ve staphyl ococci 15 to nethacryl ate_pol yners and
copol ymerReritonifs, speapentallydapgarovstypa el igistiokReapancal dalygsathetshi M 1988.

M cr obi of BER Y8 P o Rm R Rl iEs AL B RO b S 00T, 12 Or e
prevent i oimprégmtddheitiesulfad esteed\H afeatstto astuce Hel fodakion2Fdidms186. 20 Lew s

K. 2001. The riddle of biofilmresistance. Antim crob Agents Chenot her
45: 999- 1007, MAEVFRNSther egmples sk nes og iroigieal saihpiss St pepogide

105: 200- 282 NObY thg§rin§@;sg§%&ﬁ! ek caliiBds chEMnB! QIR RE h%‘g?al bRkGughnsur f ace

segregati on pRenonenon: w quat ernary anmoni um conpounds as anti bacteri al
agent s. JurBthoartdrain2be Bladder Rod theyecantdradapted forpeBetration of the urinary system

through an iatrogenically created insertion site. Nephrostomy tubes and suprapubic tubes

represent examples of the latter. Catheters can be positioned in the ureters on a
semipermanent basis to hold the ureter open; such a catheter is called a ureteral stent.

20 Urological catheters can be made from a variety of polymeric products. Latex and rubber
tubes have been used, as have silicones. All catheters are susceptible to biofilm formation.
This leads to the problem of ascending urinary tract infections, where the biofilm can
spread proximally, carrying pathogenic organisms, or where the sessile organisms resident
in the biofilm can propagate planktonic organisms that are capable of tissue and

25  bloodstream invasion. Organisms in the urinary tract are commonly Gram-negative
bacteria capable of producing life-threatening bloodstream infections if they spread
systemically. Infections wherein these organisms are restricted to the urinary tract can
nonetheless be dangerous, accompanied by pain and high fever. Urinary tract infections can
lead to kidney infections, called pyelonephritis, that can jeopardize the function of the

30  kidney. Incorporating sulfate ester AF agents can inhibit biofilm formation and may reduce
the likelihood of these infectious complications.

A further complication encountered in urological catheters is encrustation, a process

by which inorganic compounds comprising calcium, magnesium and phosphorous are
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consequences. The examples given above represent embodiments where the technologies

of the present invention are understood to be applicable. Other embodiments will be

apparent to practitioners of these and related arts. Embodiments of the present invention

30 can be compatible for combination with currently employed antiseptic regimens to enhance
their antimicrobial efficacy or cost-effective use. Selection of an appropriate vehicle for

bearing a compound of the invention will be determined by the characteristics of the
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15 20 Matefials The list of S. aureus strains used in this study is given
in Table 1. A hand-held burner containing 0.6% (v/v) tetranethylsilane in a

pr opane/ b‘%q’%%& ture (7:3, v/v) (Pyrosil) was from SurAP&ﬂ/%ng s GrbH
y).

(Jena, Gernman i gh-density pol yethyl ene sheets were purchased from

Pol ymer  Phaibhier aedicAiQls¥( dher @i’dn?tp’léé» 6t pBlicAtiMPIn Mmblivch1CRvR8mEHtETR promote
3-am nopropyl tri et hoxysi |l ane, 1,4-dibronobutane, 1-bronohexane, and all

ot her cheattisapsis willibstsadidy envisiened ysheserrd @rdinamshiliinithhwrelyvent ¥l Co. and
used 'thgut fi"f‘”i'er purification. Table 1. Strains of Staphyl ococcus

aur eus usEFRYH" st udy. Strain Description Reference 8325-4W| d-type
parent of 1758Kaah#epiordhow BORY EARBNDr Radted, Riwilllbe rd&0 9dAWGhderttypd bpar ent
" of 2355Rouch et al. 19902355QacA+ , KanrRouch et al. 1990ATCC . .
700698Met Fferengs ta thebilowing examplgsnhich gt ggludedmanetyfor purposes of illustration

BAA- 38Met hici ] b n- ' ral ] 2000ATCC - L
- Ban. aonet i et APbaEpld Bhodibds Bethe ERERSH B ARnamimes toimitcr
exot oxi n € ildn@ibned from ATCC. Surface i~aodification. A polyethylene

slide (7.5 x 2.5 cnm was ultrasonicated in isopropyl alcohol for 5 mn and
dried at SotacelPrrivafigion oxi di zi ng) part of the flame of a hand-hel d burner
was farmegX BT the slide surface for 15 s, and the slide was stored under
air overn TL}h he Si 02-coated slide was aminated with a 20% sol uti on of
3-am b@pr Meghdd Aet hoxysilane in dry toluene at roomtenperature for 3 h.
The am nated sli S igmersed in .Ssol.utian contai ni.ng 9 ol . of
L o o ot AL s 0 PP A S g 6] Bliflschpta SR YASani ne
Wi th stirp Lo0BAE JrAty gichl theednfhind edINSr hiRt3Autifs T fer RO B4
P@gdgwoﬁxﬂ y dic orcfn?é nid¥hiRg G t é‘?am_l 6. Atler Ii)d’%

sol uti on of PVP, 10 nlL of 1-bronphexane, I

=~

ni tr onet hane.
After sti BtQ,A§ mk o7 5&yfoyi clflotide wheadded hrdubsrepttivroniitirg wasstiedd i 4 ¢old

met hanol and distjlled ter, and dried under.air. -6 VNO 02/.08~s~2

At | bact erdt ot GitPebEhopirnErrEEspCH 1B i N RlRs HINERE gr own
in yeast - daxdiroRea Meldol/Glenlyldnhie Blix@le (1199R) afll mdffandl. I jadsaatfianaat 200
rpmfor 6-8 hours. The inocul'umfrom an overni ght culture was transferred
into 0.1 HeteBSnaéEpeihe MNlarqups@n the glasd dide sufacerhgfaraéno it sdlced into the

o opar ed ReTRBOkpRAT b i b % (3 ol b Sy HI6h SRATISHERAR OF, 1O°

vere cent gihtigied 7Fl,tsoﬁxe]kﬁﬁ"dft]§b duefacd-Bowrdn@ing gyapk echciwdtwittthayloll dbrivat er
tw ce. A bacterial suspension at a concentration of 106 cells/nL in

di sti | | ed Thagtass-hondedmerler] maietiesware then caplyewiizas with d-vimylpyidight o t he

f | ide.j : ' i {r, th
o1 260, a4 Qodal HPE a0 EREEy e WA 8Td B R e
yeast - dextwagaadddngider arguh.okft@\iddof aiitdng aalaery1dydatdd glassslizlc avid @thced rethRet r i
di sh was seal ed and_incubated at_ 37C (l)ver ni ght. grown bacteri al

col oni es WRFEoORJaritbaf Gisshiy disgled trajaylppidingy 568 Bodss @t 314 BEEPER on
for 10°m RaxnBEpasutie rf et Py PVE pROARBILA diibRaTh el » 0
buf f er, amdsdvashadestt withZwyridias, NaVddanethylfomsdd, ded wethanoimbnsediataly théreafienf
the 25  the slide with thc? attached PVP was placed in a 10% (v/v) solution of an alkyl bromide in

nitromethane. Tﬁe reaction mixture was then stirred at 75°C for 72 h, after which time more

than 90% of the pyridine rings were N-alkylated (19). The resultant polycation-derivatized

PVP-slide was rinsed with methanol and distilled water and air dried.

Example 2

30 Method B
A NH,-glass slide was immersed in a mixture containing 9 mL of 1,4-

dibromobutane, 90 mL of dry nitromethane, and 0.1 mL of triethylamine. After stirring at

60°C for 2 h, the slide was removed, thoroughly rinsed with nitromethane, air dried, and
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suspensi on and incubated with shaking at 200 rpmat 37C for 2 h, then
rinsed three tinmes with sterile PBS, and incubated in it for 1 h. The slide

was imm%,gtog)oy%??vered with a layer of solid growh agar Hf:iwg(%)éﬁg&r in the

yeast - de ose ot h, autocl aved, poured into a 20 Petri dried

under r edy\ggg& SRR dg 6’%‘%}% @Q@Eﬁ&%@g@‘éﬁ%@i(ﬁbt& -16@56‘0 ?/ﬁgoﬁ%i R mL

col oni es re then counte s ofp ni Una- cont’ai n nonmer and
pol yner Pyfitbmethand/Bexyll brorhidx y10: brv/omAdier §tirtiBg tHe)readdiod niikives fylsagifee (0. 1
m.) were dissolved in 122 nl of toluene, and the solution was stirred at
75C for 92hh, thealidgsoennsed svithaceionedhotongiy avagerderith mgthseel (i wamyedhe N

1 e ovel B e e FL b B o e
(13 mj, pynitlihe iiegshyfRVE steouldbd Nrdlyylated andhr sisat ¢atlitions87 L of

) nitrorneth'glpgi and the solution was stirred at 75C for 9 h. After cooling to
room t enpe¥HE4DSHe sol vent was renoved and 100 nmL of tol uene was 30

added to ghe, él%%i due. Poly(4-vinyl-N methyl pyridiniumiodide), insoluble in
t ol uene, was1 ecovered by filtration, washed with tol uene and acetone, and

dri ed. Resul t sA&hBdcaliysnatifieddlass SMIOWAL IMBssed th PTH/sulbdiph bf A8GreMzihave
answer ed rtain questjons concernjng the nechanis d practicalities of
The bact el Sl Wipr &8 Pitcbntaihos erauaot e (6P ye iy ey

al kyl pyri chﬂio%ulfsf@[)ﬂﬁ%l(ﬂat:té ?eénfr& ﬁ@brimgg%e@('\ge ?C_Qﬁla)ﬂhat E?Paﬁlﬁéiﬁ?h B 7O X

2.5 cmslides cut out”of a large Sheet of comvercial high-density
pol yet hy| Rible-ghtss elidesatooudt wilsonb HuorssasimyAfterrinsgig withadisfided water alsyaited: he

coval ent attacl nnent,.of . 160 0-g/ml, hexyl - PVP, a r evi.ous escri bed
(T o eidg¥aciiei it o5 B0n CRE 3P Priareeseh e - BhEon B sl 3E | des
was test edisal&i water ANESHAROTRA 10 #ih 9988ko0H the dye UheiaBsdrdnclioP tieYttihdrodal i ti es
{referred to as "airborne"” and "waterborne"). In the airborne case, an

aqueous sIRSpItaTH paeoys seldobwes wenmiredoas|SNE nwel@fterddireed! Whoba 20GmMie,
count 1hg FBESbRERndY SLrabaR ) The HoPhemabl b min BB eBleidor 3

sl i de wasflioBrenes thiz salutiof e surtlus Pensinevi 'eh't he bacterial cells,
i ncubated there at 37C, washed, covered with solid 3rovvth agar, and

infubat ed at 3?{9_11|agtammg didferennbexyhy VEolilns (6000 g Q@rofwawlaéionaf f
col oni es o WER Mol KA SroPEHS (FELbSnRIRy SPRASELEH BB VE SUACS ©

an unnodi y po ene s evia e alrporne nethod,
fol | owed byamprbtimaadly onlyasnodesiy pdd GcheaPloREP ndd8iver cwits0The follo®ig amounts

subs e%J © nEn!.‘ tYle C31tetzlc %Ei %gxyiflpP\(;IP ?\;ieZeSde%enrglirfle:rdo(gésgrlllil?gr t?lgf more than 90% of the polymer

is hexylated): 5.8 + 3.0 pg/em’ (method A); 2.8 + 1.0 pug/em? (method B, PVP with My =
160,000 g/mol); and 0.4 % 0.05 ug/em® (method B, PVP with My = 60,000 g/mol). In the
case of hexyl-PVP immobilized by method A, the minimal chain length of the attached
polycation was estimated to be 61 + 30 monomer units.

25  Antimicrobial susceptibility determination |
Example 4

A suspension (100 pL) of Staphylococcus aureus (ATCC, strain 33807),

Staphylococcus epidermidis (wild type), Pseudomonas aeruginosa (wild type), or
Escherichia coli (ZK 605) in 0.1 M aqueous PBS buffer (pH 7.0, approximately 10"’

30  cells/'mL) was added to 50 mL of a yeast-dextrose broth (prepared as described by Cunliffe
et al. (21)) in a sterile Erlenmeyer flask. The suspension was incubated at 37°C with

shaking at 200 rpm for 6-8 h. After centrifugation (2,700 rpm, 10 min), the bacterial cells
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The sane experinment was perforned with the slide coated with silica and
with that al so am nat ed; the correspondi ng nunbers of bacterial col onies

were 339 respectively. Thus the bacteri al ceI I d onto
all thr egw qﬂtoér ent surfaces remain 20 highly viable. igﬂﬁgg‘i[ 19 hhen the
i denti cal wefe%sstte& emﬂaa%n&epsusﬁ@td&@mt aﬁumwttePéfP &%&éﬁfﬁhbﬁ %ﬁt@ﬂdeﬂspeﬁﬁr e' Y,

141 bacterial colonies were observed in a 3. front ar ea,
% conpar ethli @0f ethe nassaif . edli)s| i de. Li kew se WI t h wat er borne S. aureus

cells, only 4té?o%;. | oni es ver e count e ilized | - PVP
surface conpar r’?ﬁ%‘SB?‘tSBtnn"&arS Bt SPELG §|°8 E@BW %F) Mg
ef fi ci enchfge IR ANR PERMSelcR Elﬁl@ﬁﬁto%?apﬂz%ﬁﬁ‘_{f&fmﬁ %%{evof( Tiller et al.

© 2001 and 2002) for surfaces nodified exyl - PVP we addressed the
quest i bn approximataly 46 nmli/myn)oAfiehdrymigdordenn umlﬁsdumﬁwwthW@s placéthmea petri

protectio To ,this en t he col onie romthe |V|n
- Bureus cofit B tefiiefi 12y e B % HSR R Palt Sl ab ForiePioe
hexyl - PVPSV’R’I)IWa%tdda&ﬂ ThkipeBdih whs SlodedMbeaBidy hitd inbEded /R0 bva&l@m oride in
water, followed by rinsing with di stilied 30 water. The resultant washed
sli des weEsamplejsed for the depositi on of either airborne or waterborne S.

aureus. The pe'i“ﬁggﬁcq&?as 8 S{l%)%ll&% ﬁe& Wa g]?rage%%é‘ﬁéﬁl%fh&a %tsag on the

identically was unimodi TEhe s 1 %

respet0i velide tosﬁﬁulate\fh@@%éﬁSﬁsf&rtRﬁ[é bﬁﬁ&lﬂ%ﬂﬁ&umem&mfﬁgemlhg t he

detergent has no effect on the bactericidal, potency of immobilized

hexyl - Pvpbaqiriad infeefiqngigererpttdor eiample bl tHking; siestibe. <oy j¥sti | | er et

al . 2001 gy, ), | | t he
ﬂlnggg% de e%gtlfﬁeqﬁé H&V&iﬁ& of %m'ﬂfeer?a[cte@af“éejtls%ﬂtﬁé f[n@&?é su¥\f§5 ltlé.l

stationary pha I gro Surve eres abl i sh

whet her t biidec &dllosvinga Rhminl adgdryinghwacinpiteseal wideggowihaymiithe bhceds stk ky
suscepti bl e to t%‘? ant i b cterial actiqgn of the surface-attached hexyl - PVP

chai ns. CBY ‘Hﬁlté 1y, coyga %1?‘?1‘6‘6‘3%& o thegs pRNgHtans ofestions Giga-posifiveher eby
the cetl i f t ant
dat a1 el Gaqomite SBphPBe iR, R O Ecl Torthl MRS, NETE NI B T
stationar yvaphaéatedl wlithyacrydayd leblbridé teeintrédirceldodble bouds, Follomsddyt | ons (see

Met hods) . t ead aof coII cli terlal el | fter 6-8 h as before,
we i d boctiuRelon i £rmdbInia; S eRdmmaris B Lo HiRHase.
When thesgy, d;ﬁsklhﬁate@tﬁetttaﬁ%ua{bewﬁattersn@m e ¥l qga%ttﬁ@gn@@tﬁmn 1

hexyl - PVP-derivatized slides, the killing efficiencies t ai ned ?corrpar ed
to the samﬁpcmmgortta iffs lserfwmsdmlaleﬂlfhfglgsstShw dihe fimhl slqsx)vasnmlatr@i@% and
2~1% i.cal heva obse edforthecellsm
theltt ta ?% @1 \i/ge%nbtﬂélge #?Egé lﬁsb%}%ge& ?Sisd’jr-lcbg’sr YIinG eri al

strai ns pegass @eM—@&yﬂdﬂécﬁW séven fiHém raudyeatohhdést(wm dhaﬁqgn%thﬁﬂrﬁngtfro% 2001

). Wth this in mnd, we tested whether inmobilized hexyl PVP woul
ef f ecti vePEpal Wsltexectﬂ,cul)sTh%teﬁdtamrﬂms Werergxemangg, wntnreémt ta hairabiligy ko kill

i 1 er ent SA80TR (S ol bAlshaivedn BEFE AR P FEE Re brop Yy B, A
poni oLl i ne Strentamyern. ?ﬁ%“t‘&%eﬂapé‘"‘ff’.‘%ﬁw civam iy Creararant o
Benl c?PI | ﬁumbﬁrtqf%ea?%ngbwéenql ﬁtlbewah]thecm%t@ﬁ)@?tweehwlﬁwnaffqrémgé% f%
oyt P oy B P B 1 F gure 8, polyat hyl ene sl i des
coat ed w Emample\d - PVP were simlarly lethal to these 2S bacterial strains,

whet her ai rbor .or te orn | J cj enci_es al | instances

wel | exceiaded ‘\’,ila ??‘E &WWE‘%@?%&H@R@#@% epﬁg:a§that

. bacterici gﬁépm%ttfbeyqﬁetﬁad REARE théh tddgkat e bQ&@ﬁﬁ&él%'ffe&edﬁth1‘§’§ﬁﬂf£d€'%8¢9%ﬁ%oﬁﬁf’
per haps causing autolysis (Tiller et al 01). Like all other cteria

st udi 8@ ( Eé&ﬁlﬁioi@lgd badtesinrs, BtepalermiZBGOdy welbas tr Gren-pegative becterd)) & evkbamd MDR
unps tha unds fromthe ce Fox t he

- Ror A VDR Gufip igratEas BuasE eI b SRRt g iers 058 et

i ncl udi ng bﬂ@nywﬁ&pgpr@lyeﬁl d’hfIQHE—fngs SIRIBEZ, S HeRets WD €MoEd SXEP. (e Rhoslwerd 994) -

Consequently, the nmutant of S. aureus with a knockout in the noi A gene
codi ng f ofargHSURER! dishpeidiabl. Aepeendnilablellmegmd AWtheomngss ghcolonies all

PCT/ US02/ 11983 greater sensitivity to such conpounds (Hsieh et al. 1998).
Si nce hexyl -PVP, like benzal konium is a hydrophobic quaternary anunoni um
cation, we decided to test the sensitivity of the iao~ A nutant strain to
i mobi li zed hexyl -PVP. The results of thi4 experinent are depicted in
Figure 9A. One can see that the killing efficiencies against the

punp- | acki ng mut ant were sonewhat higher than of its punp-conpetent parent
- 99t 1 for both ai rborne and waterborne cells vs. 952% and 97t 1%

.



We carried out simlar experinments with a S. aurezss strain with an
addi tional NMDR punp (denoted QacA+) expressed froma natural transm ssible

pl asm d J . to its parent. This strain had a slightl i

resist an&ggﬁgfog’ﬁiﬁ)bi i zed hexyl-PVP than its punp 10 defi %F@Irqg&zé?séint (Fig.
2B) - 92 -39 LGhor _ ; t , ively,
vs. 96t Z%ﬁ}ggggg/ﬁor di ;{ds%?%lg? %ﬁ? .0 H@h%& %WPgﬁgﬁﬁgyﬁe@%é}é&?@@gﬁ@er ved
suscept i bedmparedstottbe piaxyNHR¢Rshet ween strai ns | acki ng/ over expressi ng MDRs
suggest that the pol.ynerig fo f th iseptic,js not effectivel
extruded by t e BRREORSALD SratBtrt, ryhe Rreh o ns it I siffead hoenistate
substrat eoflipciedia ifVRi3alled Wakk dRfe éanﬁul IHQYIL PP REINEEN1hRQ8HadReSAt Bidd U1 es,

“cells were txeated with -an aqueous 'sol ution of N hexylpyridinium brom de,
and t he nfani2main, inehbased wrder 00fre egar ima basterial 2t wilasedien ov pinighé and g
conmpound tyrned out to a ver ak. antimcrobial ., with an MC.of 4 ng/nL
aganst bRy 8 oo Bied “p il FpR YT o6 R0H g SbF eERET 000 ¢ nes
above t hagorfefchit NIDOMadtslideakasiiiel 26 Bslabd A€ Za) doQif w¥ vabletih kilRdf. Tabl e 2).
There was a 20 difference in strain susceptibilities to N hexyl pyridinium

dependi ngExgmpledi r MDR status. Thus the M C of the ~~o0~A strain was 0.5

ng/ mL., and tha e CAt. st Lai S [nt... Thi s alitatively
asenbl o t he. dnfpasal BRpeicE bEBENpERed PR aibn TR riat ofic i Sl
benzal konivere malyaed tediffotbnsprovsdurd adiny'h NI - Hladsakild wapylkiHicdiwith 1,9- a weak
antimcrobial, it is a reasonable substrate for MDRs. en wat er-sol ubl e
pol yvi nyl dikroraebwanste infradugeieastivedypapebutyhgronps wdich were shbseguemtly usehfor
hexyl - PVP4j_t N i i lei f i r i far, is
ot sol ubfts et BPEVETThE SenifIHR MetlcB 3s s It b QNS BB BRI ) "
M C val uespiasing. Clonihcteasdithe posifivechmrge of the attavhad PUerchbiny, thodeinstvan t hat of

i the M By Nedkts ham B ps BT e, Guicks Feloreae Brevats akeisd, —
apPears ¢ it o kNI 8RN AL1 PYPATLSGRAE oS 13fed W PARSAALEREES T o1

its properties - rncreases its potency s'It 1nsensit
acti on of mvBRdB)psked-Beential¥XHe2a%i8 %S slibwn RGR¢ HEMA ot QB Hgined. Comphared

mninmal inhibitory concentrati (MO. fo uat er par i U

cont ai ni n§ rﬁégsé Sggﬂ%gdi ﬁyﬁé’ H‘%@HQ TGQO{}P%W%FRIGM%%%%%@ fast column,

(~g/ m) N 'Iﬁ)ﬂﬁ'e})d/fr’fa@ilé‘ie‘ﬁcm Brom de M C (~, g/ m)Polyvinyl-N nethyl-pyridinium
i odide) MC (pg/nl)ATCC 338072. 54, 00075ATCC 7006982. 5>4, 00075ATCC

BAA- 382. 5>4, 008ugsmgons (10° cells/mL for the first 3 bacteria and 10’ cells/mL for the last one)

BAA- 38(? ' ng 192%9671'155181% %?s_tﬁ'l%d ?vdéte(f) QN%ZeS snp%}'rbé%' o%sl%gczégég-zm(?cﬁﬁgg &Zés%%é’e?; a%r> éﬁg 075
for 2 min, incubated under 0.7% agar in a bacterial growth medium overnight, and the
colonies were counted. The number of viable cells obtained in the same manner with
commercial NH;-glass slides was used as a standard (i.e., 0% of the bacteria killed).

Surface Derivatization

25  Example 8

A HDPE slide (7.5 x 2.5 cm, Polymer Plastics Co., Reno, NV) was sonicated in
isopropyl alcohol for 5 min, rinsed with that solvent, and dried at 80°C for 30 min. Next, the
front (oxidizing) part of the flame of a hand-held burner (SurA Instruments GmbH, Jena,
Germany) was fanned over the slide surface for 15 s, and the slide was stored under air

30  overnight. The compressed gas mixture of the burner contained 0.6% (v/v)
tetramethylsilane in a propane/butane (7:3, v/v) mixture (Pyrosi1®). The SiO,-coated HDPE
slide was then placed into a 20% solution of 3-aminopropyltriethoxysilane (Aldrich

Chemical Co., Milwaukee, WI) in dry toluene, incubated with stirring at room temperature
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A hexyl-PVP-derivatized slide was placed in a 1% fluorescein (Sigma Chemical

20 Co., St. Louis, MO) solution in distilled water, shaken for 5 min, thoroughly rinsed with
water, and placed in a 0.25% aqueous solution of cetyltrimethylammonium chloride
(Aldrich). After shaking for 5 min, 10% (v/v) of 0.1 M aqueous phosphate buffer, pH 8.0,
was added to the solution, the absorbance was measured at 501 nm, and the number of
pyridinium groups on the surface was calculated as described earlier. Tiller, J.C., Liao, C.-

25 I, Lewis, K. & Klibanov, A.M. Designing surfaces that kill bacteria on contact. Proc. Natl,
Acad. Sci. U.S.A. 98, 5981-5985 (2001).

Antimicrobial potency determination
Example 11
Bacteria were cultivated by adding a suspension (100 pL) of S. aureus (strain

30 33807, ATCC, Manassas, VA) or E. coli (strain ZK 650, provided by Dr. Gary Bonner,
Harvard Medical School) in 0.1 M aqueous PBS buffer, pH 7.0 (approximately 10"
cells/mL) to 50 mL of a yeast-dextrose broth (prepared as described by Cunliffe et al.) in a
sterile Erlenmeyer flask. Cunliffe, D., Smart, C.A., Alexander, C. & Vulfson, E.N.
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PCT/ US02/ lLai : | & 1On, i [ and a

conmpound %I%ﬁ%l%gial\%ﬁ?gél%g?hgé? & %Prln%?{égr?@gll cf}m\’/f/ detP [ H!l?i%{jfrg}%r ?‘f]n}]xé}% {?Oltsgoé dﬂ(@rrpo und

i's a pol ysprayivdneneo ffappaixdmpelyylrtem Linsinh of ftdrrsyihg fdre2 min wirleedir, the slide was
placed in a Petri dish, and growth agar (0.7% agar in yeast-dextrose broth, autoclaved, and

15  cooled to 37°C) was added. The dish was closed, sealed, and incubated at 37°C overnight.

The grown bacterial colonies were counted on a light box (Picker International, Cleveland,
OH) which magnifies the contrast between colonies and polymer slide. In the case of nylon,
the bacterial colonies were stained after the incubation: 1 mg of Crystal Violet (Sigma) was
dissolved in 100 mL of distilled water and added onto the growth agar covering the infected

20  slide until the surface was completely wetted. This procedure was repeated after 2 h; the
stained colonies were visible within 5 h.

When polymers were tested against waterborne bacteria, bacterial cells were

centrifuged at 2,700 rpm for 10 min, washed twice with PBS at pH 7.0, re-suspended in the
same buffer, and diluted to 2 10° cells per mL of PBS 4 10° in the case of E. coli). A

25  plastic slide was placed in 45 mL of this suspension, incubated with shaking at 200 rpm and
37°C for 2 h, washed three times by immersing the slide in the sterile PBS, immediately
covered with a slab cut out of the solid growth agar (1.5% agar in the bacterial growth
medium, autoclaved, poured into a Petri dish, and dried under reduced pressure at room
temperature overnight), and incubated in a sealed Petri dish at 37°C overnight. The

30  bacterial colonies were counted as described above.
Example 12
Polymer surfaces derivatized with poly(vinyl-N-hexylpyridinium) kill airborne, waterborne,

and deposited bacteria
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5 2. The conposition of claim1, wherein said i mobilized conpound is a
pol ycation. 3. The conposition of claiml, wherein said innnobilized

conmpound g g r-soluble lipophilic polycation. 4. The on of
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conposition claim6, wherein said tether acy tet
conpofiti dnctufsmﬂcae}mlﬁpn \Miydrophobis dnterchan Iaggregmowrandlyleylbe ajﬂﬂ@ peabﬂnm:e 9. The

it f cl | kyl i d t her .
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to said hé&ﬂﬁﬁﬁ%ﬁﬁ%r@mméb gl EPVPReRtfodid Rlkill ﬁa&t >§§% QP irs¥ri®bhactdda, The

conposition of claim®6, wherein said conpound coval ently bonded to said
surface hbsthis Emlnmi@xlveﬁr depednghiate afgreatlyl eamﬂedmOg@oﬁsugh hmtencm(ial nTerials,

conpositiQ re| sai ound cova t d to
Al 1nclu%mg common SynV\ft'e 1c PO ymers qn ﬁom 80, a genera sur ace coatl g?l erivatiza 1on

15  procedure has been discovered that will be applicable to most materials regardless of their
nature. Specifically, five representative, inherently nonbactericidal, commercial polymers
derivatized with hexyl-PVP have been demonstrated to kill 90 to 99% of Gram-positive and
Gram-negative bacteria deposited, through either air or water, onto their surfaces.

Materials

20 Fluorescein (Na salt) and Crystal Violet were purchased from Sigma Chemical Co.
3-Aminopropyltriethoxysilane, 1-bromohexane, cetyltrimethylammonium chloride, poly(4-
vinylpyridine) (PVP) (molecular weight of 160 kg/mol), and all other chemicals used in this
work (analytical grade or purer) were obtained from Aldrich Chemical Co. and used
without further purification. High-density polyethylene (HDPE), low-density polyethylene

25  (LDPE), polypropylene (PP), and nylon 6/6 were supplied by Polymer Plastics Co. (Reno,
NV), and poly(ethylene terephthalate) (PET) by Wheaton (Millville, NJ). A hand-held
burner containing 0.6% (v/v) tetramethylsilane in a propane/butane (7:3, v/v) mixture
(Pyrosil®) was from SurA Instruments GmbH (Jena, Germany).

Surface Derivatization

30 A HDPE slide (7.5 x 2.5 cm) was sonicated in isopropyl alcohol for 5 min, rinsed
with that solvent, and dried at 80°C for 30 min. Next, the front (oxidizing) part of the flame
of a hand-held burner was fanned over the slide surface for 15 s, and the slide was stored

under air overnight. The SiO,-coated HDPE slide was then placed into a 20% solution of 3-
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10 surface is poly(4-vinyl-N-alkylpyridiniumbromde). 13. The conposition
of claim®6, wherein conpound coval ently bonded to said surface is
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Si-O (all;yl).- NH.al.k al.id roups with an 5 am ne-containing pol ymer
and an alq‘%ﬁ?w’ﬁgﬁ”# éﬁ?fe’?@’t’)’ﬁ’"?&@ Sent | y bondi ng sai d axni ne contai ni ng

pol ynir to saiAl hexyIiBeR derdtizdd §lideRyRflacl 11?5@%?1%&‘6@%0%&%%@5&1%{[ face
Is a polyneric surface. 20. The method of claim 19, wherein sal yneric
surface |watgieRhakerdort ¥ win, thrsoeghdy pinsedrsitts witey apd plaDREin HOREY eﬁ@eousyl on, and
PET. 10 2 e f.claim 18, . wh a

0r1 (al kord PR FEM I eyt b MR Ry g o s WP DSt 22

The net hOAﬂluecﬁusqihalsphaiegoufWﬂquPBN) @t addedo dehal@idhkMe absctbancd wils BepfREYt ane.
23. The nmethod of claim 18, wherein said am ne-contai ni nrq Ipol ymer is a
pol y(4  at501nm, and the number of pyridinium groups on the surface was calculated as described

20 earlier.
Antimicrobial potency determination
Bacteria were cultivated by adding a suspension (100 pL) of S. aureus (strain
33807, ATCC, Manassas, VA) or E. coli (strain ZK 650, provided by Dr. Gary Bonner,
Harvard Medical School) in 0.1 M aqueous PBS buffer, pH 7.0 (approximately 10!

25  cells/mL) to 50 mL of a yeast-dextrose broth (prepared as described by Cunliffe et al.,
1999) in a sterile Erlenmeyer flask. The suspension was shaken at 200 rpm and 37°C for 6-
8h.

The ability of surfaces to kill airborne bacteria was tested as described earlier (Tiller
et al., 2001). Bacterial cells were centrifuged at 2,700 rpm for 10 min, washed with distilled

30  water, and re-suspended at a concentration of 10° cells per mL for S. aureus and 10° for E.
coli. The bacterial cell concentration was assessed assuming that the optical density of 1.0
at 540 nm is equivalent to approximately 10° cells per mL (Hogt et al., 1986). A bacterial

suspension was then sprayed onto a polymer slide in a fume hood using a commercial
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vinyl pyridine). 15 24. The nethod of claim 18, wherein said alkyl halide is
1- bronohexane. 25. The nethod of claim 18, wherein said surface is a

pol yner i sel ected fromthe group consisting of L PP,
nyl on, ag\gal‘g%?ai dtri(alkoxy)Si-O(allcyl) NHz reagentJ;EEUSJ_ZHHI?E83

nyl o | i Si- 0 (all agent TS e
sai Q%Pﬁi‘?’éiéﬁﬁdag?‘ﬁhﬁ’g*‘?ﬁ”y S AR D R R

_ ] -vinyl pyridine);
hal i de | sAfieporymmipsRenmmaderzer, i side o8l plsbed @riatiidishaarl gbwtioagar (0.75

bactericidal . | Si t f _coat. rface.w | Oz:

bact et o Sl SOMPHLRIIPRLIE L SA-E A SEhRR B2 Veaodt e Ry o

Si - OH gr oulRssd, 2éal&h) AMe iricubgedht 37e@§>&zeﬁig1>@.r1phe%ao@ﬁ ba@érihl Rblohik eYe Sun®id OH
*groups_on said surface to a plurality of Si-O(alkyl)-NHz groups via

t r eat nent ORp Lighibax (Pickiek Sitgmatiangl, Clgvielanyl, NFD whichgepgnifiesthe aentragt batween |
Si - 0- (al kyl),=. t £ h i e i d. ' rality
ot (3 b P50RSy U1 e S8 bt L AT B8l Mol B

Si - O (al kie)indubation:yl mpof Qi) Vivlet Waadisivedan ¢ 00 il 6ff digileanai@rant adfied m an
am ne-contai ning pol yner covalently tethered to said surface; and -70 w0
02/ 08s S~2°Be tha owih aga oy sring the piecisdslids natikthe syrfacsvas cemplaisly aegtedit ai ni ng

pol ymer w | cley 9 hi. 3 ] rei n said
surface }"‘ghg pg%l‘leghn@‘bassur %‘g@ aﬂ%.‘ h’l’ﬂ% s@%ﬂ%ﬁloﬁe% églle %ngge W&ﬁg‘rﬁ"n sai d
pol ynkd i ¢ sur f Sdenipluetre steackefted agditne waytepbgrnSb anderin, badteripl oélldiaie, HDPE,

PP, nylon, and PET. 9. The nethod_of claim rein said .

tri (al>ll CORW@R‘E@%%%M?WEH%P%&eW?ShF‘% t‘;‘s“’%Pﬁlﬁé)%%g}f?-p?’éfﬁ@??@qddﬂébe 30.
The met Nogyd biihd] PRSI o3 sk AL bIPBEEH 36 icaBEbE Brifc V! OV
chloride. 31. The nmethod of claim26, wherein sald am ne-cont al hi ng nononer

is 4 10 vphstiqstidedvaseplacdd in Fhmlnaftthie duspensidmishal@f,at 2bErpai ands37°C fat X i)
halide is_1-Dbr hexane. .33. The nefhod of cl ai 6, erein said surface
e ool y WaiteC TP P Dy daieruee 1P SR oD Ha Suiet R o e e,
PP, ny4 onslagBgt JEST tiR@bHd bfdvitRhEfXY 58 adar ifthb GYéteNI% 6w RAR M iuth S

3-am nopropyl triethoxysilane; said activated acrylic acid is acryloyl 15
chl ori de; age¢lavesipowered dnto aiPeirhdishyend dued ugdet reduged pigssutk atepomtempaatirel Ky

nal L 00 BB S TR, 2 BERAR, S Bt e

were counted as described above.
Results and Discussion

20 Since it would be desirable to make numerous diverse objects bactericidal, we
selected a surface derivatization approach potentially applicable to any material. We
validated this approach with ordinary commercial synthetic polymers, namely polyolefins, a
polyamide, and a polyester, which by themselves exhibit no antibacterial activity. A slide
made of high-density polyethylene (HDPE) was selected as the initial target. This polymer,

25  as many other materials, lacks reactive groups suitable for a facile chemical modification.
Therefore, we decided to coat it with an ultrathin silica layer by a combustion chemical
vapor deposition technique (Schinkinger et al., 2001). To this end, we employed (step #1 in
Figure 4) a pen-like torch containing a compressed mixture of 0.6% tetramethylsilane with
7:3 propane-butane (Pyrosil®). When this mixture burns in the air, tetramethylsilane is

30  oxidized to form 2-5-nm SiO, particles which cover a surface to which the flame is applied
(Tiller et al., 1989). The resulting dense, ~100-nm thick SiO; layer (Schinkinger et al.,
2001; Tiller et al., 1989) chemically resembling glass (polysiloxane) can thereafter be
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positive bacteria. 35. The nethod of claim18 or 26, wherein the surface is
rendered bactericidal to G am 20 negative bacteria. -71
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10 aureus grown under the same conditions, are still distinguishable. The surface
derivatization with hexyl-PVP slashed their number by 97 + 3% (Figure 5b, right, and

10  Table I). Inspection of the remaining data in the last line of Table I reveals that the hexyl-
PVP modification of LDPE, PP, nylon, and PET slides likewise afforded a 20 to 50-fold
drop in the viable E. coli cells, following their deposition from the airborne state, when
compared to the corresponding unmodified slides.

To test whether the hexyl-PVP chains immobilized using our methodology can

15  leach from the slide surface (and conceivably only then kill the deposited bacteria),
modified HDPE slide was placed into a polystyrene Petri dish, and an aqueous suspension
of S. aureus cells was sprayed on it, as well as on the (non-antibacterial) polystyrene
surface. After air drying and incubation under growth agar, only a few (4 % 2 per cm?)
colonies grew on the hexyl-PVP-modified HDPE slide, while a far greater number of

20  colonies (85 + 5 per cm?) grew on the surface of the surrounding Petri dish, even in the
immediate proximity of the slide. The lack of inhibition zones around the hexyl-PVP-slides,
characteristic of release of bactericidal agents (Kawabata and Nishiguchi, 1988), indicates
that the immobilized polycation does not leach from the slide, i.e., that the airborne bacteria
are indeed killed on contact with the slide’s surface.

25 Another important question was whether the hexyl-PVP-derivatized slides can also
kill waterborne bacteria. To experimentally simulate a flowing aqueous solution, a polymer
slide was placed vertically in a bacterial suspension in PBS, pH 7.0, and the resulting
system was gently agitated at 37°C. After a 2-h incubation, the slide was washed with the
sterile buffer to remove non-adhered bacteria and then incubated in sterile PBS under the

30 conditions outlined above for 1 h to allow the tentatively adhered bacteria to either detach
or adhere irreversibly (Wiencek and Fletcher, 1995). After rinsing the slide with PBS, it

was immediately covered with a layer of solid growth agar and incubated overnight at 37°C.
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S. aureus Gram (+) O98:1  99+1 9722 9741 99+
E. coli Gram (-) 97£2 98+2 n.d. 99+1 98+1

Suspensions of bacteria (2x10° cells/mL for S. aureus and
4x10° cells/mL for E. coli) in PBS, pH 7.0, was allowed to
adhere to the hexyl-PVP-modified polymer surfaces under

15 shaking at 37°C for 2 h. The slides were rinsed with sterile
PBS, pH 7.0, shaken in it at 37°C for 1 h, rinsed again with it,
incubated under 1.5% agar in a bacterial growth medium
overnight, and the colonies were counted. N.d. stands for “not
determined” because adhered bécterial cells grow but do not

20 form distinguishable colonies on the control slide. For other

conditions, see the footnotes to Table 1.

It was further demonstrated that hexyl-PVP-derivatized LDPE, PP, nylon, and PET
also can kill waterborne bacteria on contact. The data in Table IT show that upon the
25  derivatization (Figure 4) the number of viable adhered S. aureus cells drops by 97 to 99%
for all polymer slides. Likewise, the modified polymer slides were found to be effective
against waterborne E. coli. As seen in Figure 6b, left, E. coli cells adhered to an unmodified
HDPE slide from an aqueous suspension grow a number of distinguishable colonies under

the growth agar cover. The colonies on LDPE, nylon, and PET looked similar, while no
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y/ ! 100678 §haking at BIHCY réthovedp Ay Bl -dus c¥I$L O Rd(dd (o@d B¥ainin} solution. The
) oheo Fpppﬁ@ﬁ%ﬁgﬁ%ﬁﬁf&& vlvgsrggg(i)nrghaken at 37°C for 2 h, and the number of viable bacterial
cells was determined by spreading it on growth agar, followed by incubation at 37°C
overnight. The number of bacterial colonies observed, (42 + 4) 10 per mL, coincided with
that in the control [(48 + 7) 10%). Hence there is no appreciable release of an antibacterial
15 agent from the hexyl-PVP-modified HDPE slide during the bacterial adhesion experiment,
and the waterborne bacteria must indeed be killed on contact with the derivatized surface.
The bactericidal mechanism of the surface-attached polycationic chains probably
involves their penetration into the bacterial membranes, leading to cell damage and death
(Tiller et al., 2001). To add a quantitative dimension to this model, HDPE slides were
20  derivatized with hexyl-PVP with varying surface densities of the polycation, and the
antibacterial efficiency against airborne or waterborne S. aureus cells was measured as
outlined above. As seen in Figure 7, the bactericidal effect is expressed only when the
surface density of the pyridinium groups exceeds some 3 nmoles per cm? for the airborne
bacterium and 6 nmoles per cm” for the waterborne one, with no additional increase
25  thereafter. The difference between the two curves is presumably due to the fact that the
sprayed bacterial cells, in contrast to those in solution, have no possibility of detaching
from the surface and hence are killed at lower pyridinium group densities. These
observations show the critical dependence of the material’s ability to kill bacteria on the
density of coverage of its surface with the polycation.
30 In closing, we have developed a general method of derivatizing surfaces with the
antibacterial polymer hexyl-PVP applicable to common materials. The hexyl-PVP-modified
surfaces of the synthetic polymers HDPE, LDPE, PP, nylon, and PET kill up to 99% of

contact-deposited S. aureus and E. coli cells. The methodology should be useful in
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Example 13
Insights into bactericidal action of surface-attached poly(vinyl-N-hexylpyridinium) chains
The surface of polyethylene slides nanocoated with silica and derivatized with long-

15 chain poly(vinyl-N-hexylpyridinium) becomes permanently bactericidal: it kills 90-99% of
(both airborne and waterborne) wild-type and antibiotic-resistant strains of the human
pathogen Staphylococcus aureus. The material created was similarly lethal to strains
expressing multidrug resistance pumps, the only known mechanism of resistance to cationic
antiseptics.

20 Creating inherently bactericidal materials that could be used to make common
objects would be a major step toward a healthier living. Recently, we (Tiller et al. 2001
and 2002) have discovered that when certain long-chain, hydrophobic polycations are
immobilized onto surfaces of glass or plastics, the latter acquire the ability to efficiently kill
bacteria on contact. Specifically, various surfaces covalently coated with poly(vinyl-N-

25  hexylpyridinium) (hexyl-PVP) have been found to kill the vast majority of bacteria, both
Gram-positive and Gram-negative, either deposited onto them through aerosols (followed
by drying) or allowed to attach from aqueous solution.

In the present study, we have further explored this potentially useful phenomenon.
In particular, it has been ascertained that polyethylene surface-derivatized with hexyl-PVP

30 is equally lethal against wild-type and mutant, including antibiotic-resistant, strains of the

ubiquitous pathogenic bacterium Staphylococcus aureus. The dead cells can be readily

removed — and the surface fully rejuvenated — by washing with a detergent. S. aureus cells
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. 10%n& () - d,O Ak )Qvas 1Jr' %rQIns ment blg‘l)bH (Jena, Germany). High-density polyethylene

sheets were purchased from Polymer Plastic Co. Poly(4-vinylpyridine) (PVP) (Mw 160,000

g/mol), 3-aminopropyltriethoxysilane, 1,4-dibromobutane, 1-bromohexane, and all other
chemicals and solvents were obtained from Aldrich Chemical Co. and used without further

10 purification.

Table 1. Strains of Staphylococcus aureus used in this study.

Strain Description Reference

8325-4 Wild-type parent of 1758 Kaatz et al. 1999
1758 norA Kaatz et al. 1999
982 Wild-type parent of 2355 Rouch et al. 1990
2355 QacA", Kan' Rouch et al, 1990
ATCC 700698 Methicillin-resistant strain Hiramatsu 1997
ATCC BAA-38  Methicillin-resistant strain De Lencastre 2000
ATCC BAA-39  Methicillin-resistant strain De Lencastre 1997
ATCC 33807 No pyrogenic exotoxin C a

“Obtained from ATCC.

Surface modification

15 A polyethylene slide (7.5 x 2.5 cm) was ultrasonicated in isopropyl alcohol for 5
min and dried at 80°C. The front (oxidizing) part of the flame of a hand-held burner was
fanned over the slide surface for 15 s, and the slide was stored under air overnight. The
Si102-coated slide was aminated with a 20% solution of 3-aminopropyltriethoxysilane in dry
toluene at room temperature for 3 h. The aminated slide was immersed in a solution

20  containing 9 mL of 1,4-dibromobutane, 90 mL of dry nitromethane, and 0.1 mL of
triethylamine with stirring at 60°C for 5 h, followed by placing in a freshly prepared
solution of 9 g of PVP, 10 mL of 1-bromohexane, and 81 mL of nitromethane. After
stirring at 75°C for 9 h, the slide was thoroughly rinsed with methanol and distilled water,

and dried under air.
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2001). The bacterial cells were centrifuged at 5,160 X g for 10 min and washed with
distilled water twice. A bacterial suspension at a concentration of 10° cells/mL in distilled
water was sprayed at a rate of approximate 10 mL/min onto the surface of a slide in a fume
10  hood. After drying for 2 min under air, the slide was placed in a Petri dish, and growth agar
(0.7% agar in the yeast-dextrose broth, autoclaved, and cooled to 37°C) was added. The
Petri dish was sealed and incubated at 37°C overnight. The grown bacterial colonies were
counted on a light box.
The waterborne bacterial suspension was prepared as follows: bacterial cells were
15  centrifuged at 5,160 X g for 10 min, washed twice with PBS at pH 7.0, re-suspended in the
same buffer, and diluted to 2x10° cells/mL. A slide was immersed in 45 mL of the
suspension and incubated with shaking at 200 rpm at 37°C for 2 h, then rinsed three times
with sterile PBS, and incubated in it for 1 h. The slide was immediately covered with a
layer of solid growth agar (1.5% agar in the yeast-dextrose broth, autoclaved, poured into a
20  Petri dish, and dried under reduced pressure at room temperature overnight). The bacterial
colonies were then counted.
Synthesis of pyridinium-containing monomer and polymer
Pyridine (10 mL), hexyl bromide (18 mL), and triethylamine (0.1 mL) were
dissolved in 122 mL of toluene, and the solution was stirred at 75°C for 9 h. The solvent
25  was then removed under reduced pressure. N-Hexylpyridinium bromide thus obtained was
washed with hexane four times and dried overnight under vacuum.
Poly(4-vinylpyridine) (5.25 g), methyl iodide (13 mL), and triethylamine (0.1 mL)
were dissolved in 87 mL of nitromethane, and the solution was stirred at 75°C for 9 h.
After cooling to room temperature, the solvent was removed and 100 mL of toluene was
30  added to the residue. Poly(4-vinyl-N-methylpyridinium iodide), insoluble in toluene, was
recovered by filtration, washed with toluene and acetone, and dried.

Results & Discussion
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the covalent attachment of 160,000-g/mol hexyl-PVP, as previously described (Tiller et al.
2002). The antibacterial activity of the resultant slides was tested against the common
pathogen S. aureus in two distinct modalities (referred to as “airborne” and “waterborne™).
In the airborne case, an aqueous suspension of the bacterial cells was sprayed onto a slide,
followed by drying, overlaying with growth agar, incubation at 37°C, and counting the
10  number of bacterial colonies. In the waterborne case, a slide was immersed in an aqueous
suspension of the bacterial cells, incubated there at 37°C, washed, covered with solid
growth agar, and incubated at 37°C again, followed by counting the number of bacterial
colonies.
When wild-type S. aureus cells were deposited onto the surface of an unmodified
15  high-density polyethylene slide via the airborne method, followed by cultivation as
described above, 308+16 colonies were subsequently detected in a 3.75 cm? frontal area.
The same experiment was performed with the slide coated with silica and with that also
aminated; the corresponding numbers of bacterial colonies were 339+2 and 22842,
respectively. Thus the bacterial cells deposited onto all three different surfaces remain
20  highly viable. In contrast, when the identical procedure was applied to the hexyl-PVP-
derivatized slide, merely 14+1 bacterial colonies were observed in a 3.75-cm? frontal area,
i.e., 5+£1% compared to the unmodified slide. Likewise, with waterborne S. aureus cells,
only 4+2% of colonies were counted on the immobilized hexyl-PVP surface compared to
the original polyethylene slide. These 95%+ killing efficiencies are analogous to those
25  discovered previously (Tiller et al. 2001 and 2002) for surfaces modified with hexyl-PVP.
Next, we addressed the question of the durability of the aforementioned hexyl-PVP
surface protection. To this end, after the colonies grown from the surviving S. aureus cells
were counted, they were removed by thoroughly washing the hexyl-PVP-derivatized slides
with 0.1 M cetyltrimethylammonium chloride in water, followed by rinsing with distilled
30  water. The resultant washed slides were re-used for the deposition of either airborne or
waterborne S. aureus. The percentages of the colonies formed, as compared to those on the

identically washed unmodified polyethylene slides, were 4+1% and 2+1%, respectively.
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y# 10 conditions (see Methods). Instead of collecting the bacterial cells after 6-8 h as before, we

did so after just 4 h, i.e., during their logarithmic growth phase. When these cells, airborne
or waterborme, were deposited onto hexyl-PVP-derivatized slides, the killing efficiencies
obtained (compared to the same cells on the unmodified polyethylene slides) were 5+2%
and 2+1%, respectively, i.e., identical to the values observed for the cells in their stationary
15 phase (see above).
Multidrug resistant (MDR) bacterial strains pose a major threat to human health
(Levy 1998, Lewis et al. 2001). With this in mind, we tested whether immobilized hexyl-
PVP would be effective against such strains. Toward this end, in addition to the heretofore
used wild strain of S. aureus (ATCC 33807), we explored three different antibiotic-resistant
20  strains (Kluytmans et al. 1997) - ATCC 700698 (resistant to methicillin), ATCC BAA-38
(resistant to methicillin, penicillin, streptomycin, and tetracycline), and ATCC BAA-39
(resistant to penicillin, tetracycline, imipenem, cefaclor, oxacillin, tobramycin, cephalexin,
cefuroxime, gentamicins, amoxicillin, clindamycin, erythromycin, and cephamandole). As
seen in Figure 8, polyethylene slides coated with hexyl-PVP were similarly lethal to these
25  bacterial strains, whether airborne or waterborne — the killing efficiencies in all instances
well exceeded 90%. Iimmobilized hexyl-PVP chains likely exert their bactericidal effect by
penetrating the bacterial cell wall/membrane and perhaps causing autolysis (Tiller et al.
2001).
Like all other bacteria studied (Lewis 1994, Lewis ef al. 2001), S. aureus possesses
30  several MDR pumps that expel various toxic compounds from the cell. For example, the
NorA MDR pump protects the cells from numerous amphipathic cations including the
common disinfectant benzalkonium chloride (Ng ef al. 1994). Consequently, the mutant of

S. aureus with a knockout in the nor4 gene coding for the MDR pump has a substantially
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10 5. The composition of claim 1, wherein said immobilized compound comprises
poly(N-alkyl vinylpyridine) or poly(N-alkyl ethylene imine).
6. A composition, comprised of a surface and a compound covalently bonded to said

surface, wherein said compound is represented by formula I:

R R
R \/
H C/
n
R R
= |
AN
R T® R
R' Z@
I

15  wherein
R represents individually for each occurrence hydrogen, alkyl, alkenyl, alkynyl,
acyl, aryl, carboxylate, alkoxycarbonyl, aryloxycarbonyl, carboxamido, alkylamino,
acylamino, alkoxyl, acyloxy, hydroxyalkyl, alkoxyalkyl, aminoalkyl, (alkylamino)alkyl,
thio, alkylthio, thioalkyl, (alkylthio)alkyl, carbamoyl, urea, thiourea, sulfonyl, sulfonate,
20  sulfonamido, sulfonylamino, or sulfonyloxy;
R’ represents independently for each occurrence alkyl, an alkylidene tether to said
surface, or an acyl tether to said surface;

Z represents independently for each occurrence Cl, Br, or I; and
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polypropylene (PP), nylon, and poly(ethylene terephthalate) (PET).

16.  The composition of claim 6, wherein said surface is comprised by a medical device.
17. The composition of claim 16, wherein said medical device is selected from the
group consisting of pins, screws, plates, ventriculoatrial shunts, ventriculoperitoneal shunts,

20  dialysis shunts, heart valves, pacemakers, infusion pumps, vascular grafting prostheses,
stents, sutures, surgical meshes, replacement prostheses, breast implants, tissue expanders,
contact lenses, stoma appliances, artificial larynx, endotracheal tubes, tracheal tubes,
gastrostomy tubes, biliary drainage tubes, biliary stents, catheters, bandages, adhesive tapes,
and clear plastic adherent sheets.

25 18. A method of rendering a surface bactericidal, comprising the steps of:

coating a surface with SiO,;

hydrating a portion of the SiO; on said surface to form a plurality of Si-OH
groups;

converting at least a portion of said plurality of Si-OH groups on said

30  surface to a plurality of Si-O-(alkyl)-NH, groups via treatment with a tri(alkoxy)Si-O-
(alkyl)-NH, reagent;
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20.  The method of claim 19, wherein said polymeric surface is selected from the group
consisting of LDPE, HDPE, PP, nylon, and PET.

10 21.  The method of claim 18, wherein said tri{alkoxy)Si-O-(alkyl)-NH, reagent is 3-

aminopropyltriethoxysilane.
22. The method of claim 18, wherein said 1,n-dihaloalkane is 1,4-dibromobutane.
23.  The method of claim 18, wherein said amine-containing polymer is a poly(4-
vinylpyridine). '

15 24.  The method of claim 18, wherein said alkyl halide is 1-bromohexane.

25.  The method of claim 18, wherein said surface is a polymeric surface selected from
the group consisting of LDPE, HDPE, PP, nylon, and PET; said tri(alkoxy)Si-O-(alkyl)-
NH, reagent is 3-aminopropyltriethoxysilane; said 1,n-dihaloalkane is 1,4-dibromobutane;
said amine-containing polymer is a poly(4-vinylpyridine); and said alkyl halide is 1-
20 bromohexane.

26. A method of rendering a surface bactericidal, comprising the steps of:

coating a surface with SiO»;

hydrating a portion of the SiO, on said surface to form a plurality of Si-OH
groups;

25 converting at least a portion of said plurality of Si-OH groups on said
surface to a plurality of Si-O-(alkyl)-NH, groups via treatment with a tri(alkoxy)Si-O-
(alkyl)-NH, reagent;

acylating said Si-O-(alkyl)-NH, groups with an activated acrylic acid to givé
a plurality of Si-O-(alkyl)-NH-acrylate groups;

30 copolymerizing said Si-O-(alkyl)-NH-acrylate groups with an amine-

containing monomer to form an amine-containing polymer covalently tethered to said

surface; and
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treating said covalently tethered amine-containing polymer with an alkyl
halide.

27.  The method of claim 26, wherein said surface is a polymer surface.

28.  The method of claim 26, wherein said polymeric surface is selected from the group

consisting of LDPE, HDPE, PP, nylon, and PET.

29.  The method of claim 26, wherein said tri(alkoxy)Si-O-(alkyl)-NH, reagent is 3-

aminopropyltriethoxysilane.

30.  The method of claim 26, wherein said activated acrylic acid is acryloyl chloride.

31. The method of claim 26, wherein said amine-containing monomer is 4-

vinylpyridine. .

32.  The method of claim 26, wherein said alkyl halide is 1-bromohexane.

33. The method of claim 26, wherein said surface is a polymeric surface selected from

the group consisting of LDPE, HDPE, PP, nylon, and PET; said tri(alkoxy)Si-O-(alkyl)-

NH; reagent is 3-aminopropyliriethoxysilane; said activated acrylic acid is acryloyl

chloride; said amine-containing monomer is 4-vinylpyridine; and said alkyl halide is 1-

bromohexane.

34. The method of claim 18 or 26, wherein the surface is rendered bactericidal to Gram-

positive bacteria.

35. The method of claim 18 or 26, wherein the surface is rendered bactericidal to Gram-

negative bacteria.
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