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proliferate as individual cells swmmng freely in the environnent (as

pl ankton), or they can grow as highly organi zed, nulticellular communities
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The composition of biofilms is complex and variable among different microbial species
and even within the same species under different environmental conditions. Nonetheless,
biofilm formation represents the normal lifestyle of microorganism in the environment and all
microbes can make biofilms. Previous studies revealed that bacterial biofilm formation
25  progresses through multiple developmental stages differing in protein profiles [Sauer et al., J
Bacteriol. (2002) 184(4):1140-54], beginning with attachment to surface, followed by the
immigration and division to form microcolonies and finally maturation involving expression of
matrix polymers. Bacteria within each biofilm stage display phenotypes and possess properties
that are markedly different from those of the same group growing planktonically [Sauer et al., J
30 Bacteriol. (2004) 186(21):7312-26]. |
Biofilms are a major cause of systemic infections (e.g. nosocomial infections) in humans.
In the body, biofilms can be associated with tissues (e.g., inner ears, teeth, gums, lungs, heart
valves and the urogenital tract). An estimated 65 % of bacterial infections in humans are

biofilm in nature. Additionally, after forming biofilms, microorganisms tend to change their
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One of the principal concerns with respect to products that are introduced
into the body (e.g., contact |enses, central venous catheters, nechani cal
heart valwezommdeq@acenakers) or provide a pathway into the/1Bmdy0i7896
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i nvention provides natura ynthetic peptides isolated from ani mals,

i ncl udi ng wrhavtmsattasmandtortbfnpamtarmmql increpdgq the |Hmik§¥11fce$te AsFaréingy.dPi Jush Psdipddt i on at
its initi aﬁ&\ﬁgseﬁwﬁ al't@laélo}{\é gﬁgﬁtmﬁs £ nBauOoH BaRESIMoseAhddidRERphdRSs

descri bed herein'show activity that Is exclusively directed to the

pr evenfi opanddevispsoanbimicsgbialubst r at e adhesi on and the derived biofilm

formation. It ipcfQ Blllcgtl&f N&.RRODR/BIBIND VisOlBSE iheade bednhamyRaci LAt Gueads
activity, revealed by the antibiotic peptides and secondar%/ﬂ {’Tigéﬁné ,{I tes,
c

whi ch pr ogiogedc §0BruatHy f@e!“@@t‘@%eforﬁ}aé% QF disigerating jadPrR EH Beon by
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responsi bi'e" ¥ or é Tot'oxi ¢ act i vi ty in peptides isolated from natural
sources have n@]ﬂ péntidepedes aibpd batein gyt aotivisyjthat is exclusively directed to the prevention

of microbial substrate adhesion and the derived biofilm formation. It is devoid of the commonly

observed lethal bactericidal activity, revealed by the antibiotic peptides and secondary
metabolites, which provides a strong selective pressure for rapid natural selection by the
25 intensive microbial “biotic potential”. On the other hand a wide range inhibition of microbial
colonization antagonizes a fundamental mechanism of bacterial survival. Therefore an adaptive
modification of such mechanism has a low likelihood due to its vitality.
Sher et al. (Toxicon 45: 865-879, 2005) identified putative biologically active proteins
and polypeptides expressed by hydrae which could be components of its allomonal system, using
30 a bioinformatics approach. Hydrae were shown to express orthologs of cnidarian phospholipase
A2 toxins and cytolysicns belonging to the actinoporin family, and to express proteins similar to -
elapid-like phospholipases, cysteine-rich secretory proetins (CRISP), prokineticin-like

polypeptides and toxic deoxyribonucleases.



Unl ess ot herw se defined, all technical and scientific terns used herein
have the sanme neani ng as conmmonly understood by one of ordinary skill in
the art twowhioahied4hi s i nventi on bel ongs. Alt hough net hoasTaRzbowei7asd al s
simlar or equivalent to those described herein can be used in the practice
or testing of the present i nvention, suitable nethods and materials are
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or conponents recl ude the dition of oné or nore addi t| onal
f eat ur es, I sidisiper e mptesipls, me‘b‘?ﬁéoﬁ@rﬂxémblﬁs ge dliysaavsenbondpipt inseded forbe he
addi ti onat olggtures, integers, steps, conponents or groups thereof do not
materially al ter the basic and novel characteristics of the clained
conpodPtion, dasvisedheseingthe kams “opR@riting And nEchdige” pregrap@atcl REMiL e ehpans,
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pr ocedur egeRYf. PhaGtd dnosiBpaSseOthe tdifs l'.‘(bﬁsr@tlﬁglbf' abd &bﬁ}gdtlﬁgbssafmdll)bcbfbp hysi cal
arts. As used her%mtheterm"ab . refers ures and
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t he accon‘B‘ﬁﬁWen © GPdiFgnY %onewpﬁr%ad\égx |(§earg‘e 2?‘ %e erg) \s/vc\té\’llrcr)lb%lhﬁ'kt(E 51% Ht‘%gs in
detail, i theiesf it roet_s/sedxetahdmortahﬁeatpmstmn:gﬂmars@ps Iqomppnamtembgroumyhmof dranpl e and
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procedures by practitioners of the chemical, biological and biophysical arts.
As used herein the term “about” refers to + 10 %.
Other features and advantages of the invention will be apparent from the following

25  detailed description, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the

accompanying drawings. With specific reference now to the drawings in detail, it is stressed
30 that the particulars shown are by way of example and for purposes of illustrative discussion of
the preferred embodiments of the present invention only, and are presented in the cause of
providing what is believed to be the most useful and readily understood description of the

principles and conceptual aspects of the invention. In this regard, no attempt is made to show



under standi ng of the invention, the description taken with the draw ngs
maki ng apparent to those skilled in the art how the several forns of the

i nvent i orwoayiongeaabodi ed in practice. In the draw ngs: PEr@2009/h&se bar
graph showi ng inhibition of adherence of Pseudonbnas aerugi nosa by the
synt hetic peptide grZ-28C [ CSFSQNKSVHSFDYDWYNVSDQADLKNC] at three different

concentrations; I s bar .graph shows.a . .qgrowth test on Pse as
aer ugi nos $rUCHy ‘gf‘"’gs ‘% fhe ‘3"‘*6‘58 d'ﬁ)dﬂ?{e %%W] H%n lFltneces(ﬂ"%rt(e)nce a(H: |t{/£?a? y O
pepti des @idéshbnéig onfd iaveAR&C tixadacipninn ttdken amihrtbe damwihgs eqpliang cppaént BPCR 137b

on Pseudo and Fl g effects of
pept i des &D Eﬂl@g@t %ﬁqﬁ’%%ffveral fca.msé)&hﬁé?vﬁ%éog gro Qﬁl%&%%éggﬁa&’ 'ON QF THE
PREF_ECITRED E:\/B(IEItHVBMR&g'Ehe present invention is of conpositions conprising a
pept i i sol at rom an_an : r s
rel ati gg to pr@ge{rﬁsla o ?p% Sh&?‘ng ﬁlﬂ%gtgﬁggmgltggcegg Seeg?%?\&gsn%wa ’éogélgflﬁ%ed
bi of i | m f gmatic (pcptldargdl 2% i[CPHRIQNK SV BH DY RVMNVSHIQAIILING] atcibree ditieredi on.
Qther effe %% Hﬁ% (Al so optionally be provided, additionally or
alternative e peptide conprises at |east the sequence FDYDW. As a
non-limting éilén%)iSéar&rWé sheysta glevthisyt aptseetearnss sgnginpie st abl y conprise a
sequence sel eghgds f aOAZ}D%[% &69%% afi® Qﬁie&hbé"&tlﬁf d’?@g@%{ 735 cyc and grZ28C
SFSQNKSVHSFDYDWYNVSDQA or SVHSEDY D{rKNC One of the mmjor
concerfis bateerthe praigo pgd Fﬁqé‘?nﬁﬁi’fafﬁp b%‘7PI°PnPF"d‘f1?fﬁ‘f’i“€)f‘F’ UgIBOSHAMENS, bi of | ms are
a maj or concerggWigg aiyat @ﬁﬁyghmngﬂﬂe@ﬂé&@ of F)&;Qldw@rzbs)dyc a®l grz28CatAact
| enses, central venous catheters, nechanical heart val ves and pacenakers).
Bi ofi | ns a?’églwsgémél"ﬂbrobl emin many industries including the food,
pharmaceutical, paint, water, Shl ppi ng and engi neering industries causing,
anongst a\I/S\n de Pr anﬁe ofH nega fe 3G el erated corrosion in
S ] tf1g. For exanpl e, biofouling may

]E)e Cﬁused by the paahesm\@mdﬁfns ef g:armosﬁmstcomamn§upépadelsolmediﬁnmranrwuml

reshwat er envi inclu Jng. tover lters
in cool i nf6% ‘Hé Ferﬂnli gt '8 egf‘ﬁag f?"éﬁl perentiop r°|§ ba%@éf}gﬁsugﬁgpe a%\%gsfo qsz{ngtl ons,
and menbr ardsrived bitfila fortiximeandpdonially vesprewatiar ofanld}cqile@hdrsmm Qthei dfsctsy st ens.
BI Of OU| I ngl al Socs)lﬁlonzﬂfysoe pfqv dg? %8&4131{%[]9OISMl%{ngmajn@h%eﬁng c%grﬁ;ﬁses EME;SP&]EnDr €

t he commefl &1 &r° appr oxi mat el
sequence FDYDWY As a non-limiting example, the peptide may optionally and pre erably

20 comprlse a sequence selected from the group consisting of FDYDWY,

SFSQNKSVHSFDYDWYNVSDQADLKN or CSFSQNKSVHSFDYDWYNVSDQADLKNC

One of the major concerns in medicine is microbial biofilm formation. In humans,
biofilms are a major concern when introducing products into the body (e.g., contact lenses,
central venous catheters, mechanical heart valves and pacemakers).

25 Biofilms are also a problem in many industries including the food, pharmaceutical, paint,
water, shipping and engineering industries causing, amongst a wide range of negative effects,
accelerated corrosion in industrial systems, oil souring and biofouling. For example, biofouling
may be caused by the adhesion of organisms to any surface in a marine or freshwater
environment, including cooling towers, water pipes and filters in cooling or desalinization

30 installations, irrigation and power stations, and membranes, such as those used in wastewater
and desalinization systems. Biofouling also occurs in aquaculture systems in fish farms.

Furthermore the commercial shipping fleets of the world consume approximately 300
million tons of fuel annually. Without antifouling measures, that fuel consumption would

increase by as much as 40%, equivalent to an extra 120 million tons of fuel annually. The



mllion tons of fuel annually. Wthout antifouling neasures, that fuel
consunption would increase by as nuch as 40% equivalent to an extra 120
mllion twoonfo7éasel annual ly. Theeconom ¢ cost of thispaaaBaed/NoTated as
about $7.5 billion in 2000; a nore recent estimate is $30 billion. Biofilns
are very difficult to elimnate since mcrobes growing within are highly
organi zed and can w.thstand. hostile enyitonnen ~such as high ratures
and anti - RFRPBISicaTt oL HsAYas eytinafpd as ahon| @y'gg’ﬁléoél)lfl Eﬁ%’ f T8 R mfersgtg?ﬁtg \%argtggr

pl ant s andiigmgani sns i ncl udi ng soft bodi ed water invertebrates, fish and
noss are surrounded by bro spect rum speci es .of, m I al; anj; . Since
such pl ant ano&B&ﬁn?rg NS g‘gﬁcu '@l |"(1:a§$r§lrrrlﬁenin?§/r?bets ré{’/‘%g’? %lélglgfags ei\l/lglrrljigl

fact ors Whigshizeiand parevigntandrhatislehatonmehte siichass high tompetdtaesanp aglyymaetiddce. The
nost "ﬁensi tits\(e" onrtiggg(izs nms are invertebrates belong to the phylumcnidaria
that iAcl 885 H& T3 °ahenones, corals, jellyfish, hydroids, nedusae, and
sea fans. SuchMsfetant) Gtilevtator gants swhorsshiswh inchidiog sk Spdied WHRIGREEEPAES- such as
scal es or 5sheld 8. Usesilohdh by v s@&%ﬁ%é&esr@trﬁ%{)ﬂaf- ainsP BRAEE Gich

h
t hensel vesa} FomThe m crobi al “environnent “surrounding them It has been
pr evi ous| planteqndrdrgaistis dacknapedifice inepunitsti Seps Poducg. seegid ey wWhichfar @ ¥ ondary
met abol i tﬁfcr&{lgtcol%égitghtonﬁl%ﬁibp%ﬁﬁéeal and antifungal activities [Anmade et

al ., supr reover, sea anerones (e.g., Actinia egt%i nal have been shown

to prdfuce t oxThe, mes aenpiyati agpnisErs (i EycTebrates belongitey cnigaria At yse

and Kill eukat WRtes afedlohs, sdrils|jalivh, h9dreidhahedasi) dndagd fai. Guatbic boapt | des
[ Ander| uh et al., .sugéa]. Fromthese natural fa tﬁrs, ;Pe?ti des w 'Elh hi gh
conser vat CEANFBqAE ek RRysisal Rpirgioa quchasdedfoNShelRi B PLUPTS fRdysergpdary

prevent i opheBbolitbsGb PRl thaffRReERGE tHemitrbBialyfitdhgichiGusamipg et on. The

conserved sequence is found in several marine organi SB |r51dgllcéjgeicgl%avari ous
known speci es bhaschesn miguipEThereprisd dhal mapnepreanisme| (Fid; REPER A U e e ™ Y ebr a
fi sh) ,15anehetaBolitEiStBat RANSE @ititacieridl andoatifingal actbstes [Ratdns al.Baprell Moreover,

L i L o
Wi th size (reargeinitoxing), | @Bielatysd Bibkill ehknridtnpelisagndaly tohvider pogt adieni¢rgbiglar t  of
260- 274, - BRE UTRT e §¢ RBGwi s- Prot. entry 060478 the r odi on. whi ch
starts at 259 Bwmoh theyelsatartl 260, neptiden wisl high cedstition seaghcshwergisolakedsaidpor t s
the thgor ¥h§v&t}:§thigthhzlc§ivip}?91t ﬂrg&%nﬁ(ﬁl SNBicRGhI YfeRAllinAfs sl et BhBHnhtion. The
conserved sequence is found in several marine organisms, including various known species of
sea anemone, several fish (including Danio rerio- zebra fish), and in moss Physcomitrella patens
subsp. Patens.
Based on bioinformatic analysis it is believed that the protein has changed in upper
25  organisms (including Homo sapiens) to FDYDWY, that can be found in proteins with size range
from 128aa- 400aa. In Homo sapiens this peptide is part of the G protein-coupled receptor 137B
(GENE ID: 7107 GPR137B) located at 269-274. Based on UniProtKB/Swiss-Prot entry 060478
the region, which starts at 259 and ends at 292, is an extracellular region, which supports the
theory that this peptide is the active part of the protein.
30 Bioinformatics analysis of the ancient sea organism Ciona intestinalis identifieda 368
amino acid protein, similar to the G protein-coupled receptor 137ba [ GeneBank Accesion
number XP_002125109]. The region similar to the anti adhesive peptide is
SPLRCSELSSFNFDWYNVSDQADLVN. Based on this information, and the fact that Ciona

intestinalis is also exposed to a large diversity of microorganisms, the present inventors



Bi oi nformatics anal ysis of the ancient sea organism C ona intestinalis
identifieda 368 amno acid protein, simlar to the G protein-coupled

recept or w@2bw/f76dd2neBank Accesi on nunber XP_002125109] PCThB20020078%5 si mi | ar
to the anti adhesive peptide i s SPLRCSELSSFNFDWYNVSDQADLVN. Based on this
information, and the fact that Cona intestinalis is also exposed to a
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KSVHSFDYDIWN«SP®e WFMNVSD@C PRRSHISI TIPS E3A! one of FDYDWY,
QNKSVHSFDIEMYHNSDQA RHHEF DM XMGBRAD, @Mﬁ%ﬁ&@vmmmv

SQNKSVHSFDY! DL, FSQ\IKSVHSFDYDW(NVS DL, FSONKSVH M@\é DLK,
SFSQ\IK@VHﬁ@E’DVWNa%@\DLK SFSOYES SDQADL% WD B>
CSEgQ\thSVH%Ht!EMWWEE?@i@ KNOI G&W\Mﬁﬁs@d NWMCDWUNVSDQ

conbi nati ons er eo ccording to sone enbodi

cycli zed. K@HW&PX&W%N‘é%Aenbodl ments, the pm\'#%%ﬁ@ﬁgwgspgzd The
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;/g;gfabrat g%ﬁ%ﬁ@ﬁ%@@&@ b?r](ctli, 82, rggrsﬁﬁtg&(suc as acro % frog, :
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According to some embodiments, the peptide is non-cyclized.

20 The peptide may be isolated from any animal. Preferably, the animal is a vertebrate, such
as, for example, a fish, an amphibian (including a frog, a toad, a newt or a salamander), a bird, a
reptile (such as a crocodilee, a lizard, a snake, a tﬁrtle, a tortoise or a terrapin) or a mammal
(including a human).

The peptide is also present in the sea organism Ciona intestinalis, which belongs to the

25  phylum Chordata. In this organism, the protein shows similarity to the GPCR 137 b in upper

vertebrae and since this organism is surrounded by microorganisms,- the peptide that includes
the sequence FNFDWY is also part of the patent.
The peptide of the present invention may optionally comprise at least two of the above
sequences, connected by a linker of some type, such that the N-terminal of a first peptide
30  sequence is connected to the C-terminal of the linker, and tﬁe C-terminal of a second peptide
sequence is connected to the N-terminal of the linker.
As used herein, the term “linker” refers to any chemical bond or molecule for connecting
two peptides or for cyclizing a peptide as described herein. The linker may also optionally

comprise a polymer of any suitable number of monomeric units. However, in any case
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thereby preventing adhesion of a cell to a surface.

According to some embodiments of the present invention, there is preferably provided a
domain which comprises at least one of the above peptides and which is effective against cell
20 adhesion to a surface. More preferably, the domain is includéd as part of a protein. Optionally
and most preferably, the domain exhibits anti-adhesive behavior, for example for the prevention

of formation and/or treatment of a biofilm, but does not exhibit cytotoxic behavior.
As used herein, the term "isolated" refers to a composition that has been removed from
its in-vivo location. Preferably the isolated compositions of the present invention are
25  substantially free from other substances (e.g., other proteins that do not comprise anti-adhesive
effects) that are present in their in-vivo location (i.e. purified or semi-purified). The isolated
peptides may optionally be synthetic or obtained from natural sources, including optionally by

being expressed in-vivo using genetic engineering techniques.
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faecalis, Enterococcus faecium, Erysipelothrix rhusiopathiae, Eubacterium spp., Gardnerella
25  vaginalis, Gemella morbillorum, Leuconostoc spp., Mycobacterium abscessus, Mycobacterium
avium complex, Mycobacterium chelonae, Mycobacterium fortuitum, Mycobacterium
haemophilium, Mycobacterium kansasii, Mycobacterium leprae, Mycobacterium marinum,
Mycobacterium  scrofulaceum, Mycobacterium  smegmatis, Mycobacterium  terrae,
Mycobacterium tuberculosis, Mycobacterium ulcerans, Nocardia spp., Peptococcus niger,
30  Peptostreptococcus spp., Proprionibacterium spp., Sarcina lutea, Staphylococcus aureus,
Staphylococcus auricularis, Staphylococcus capitis, Staphylococcus cohnii, Staphylococcus
epidermidis, Staphylococcus haemolyticus, Staphylococcus hominis, Staphylococcus
lugdanensis, Staphylococcus saccharolyticus, Staphylococcus saprophyticus, Staphylococcus

schleiferi, Staphylococcus similans, Staphylococcus warneri, Staphylococcus xylosus,
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multicellular hyphae. Representative fungi whose adhesion may be prevented according to the

25 method of the present invention include Candida albicans, Saccharomyces cerevisiae, Candida
glabrata, Candida parapsilosis and Candida dubliniensis.

As used herein the phrase "preventing adhesion" refers to reducing or eliminating cell
attachment to a surface (e.g. by reducing the rate of growth on a surface). Preferably, the
compositions of the present invention prevent cell adhesion by as much as 10 %, more

30 preferably by 20 %, more preferably by 30 %, more preferably by 40 %, more preferably by
50 %, more preferably by 60 %, more preferably by 70 %, more preferably by 80 %, more
preferably by 90 % and most preferably by 100% as measured by a cell adhesion assay.

Exemplary cell adhesion assays are described herein below and in the Examples section that
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present invention such that they are in direct or indirect contact with the adhesive cells in such a
way that the active agent comprised within is able to prevent adhesion of cells thereto. Thus, the
present invention contemplates both applying the compositions of the present invention to a
desirable surface and/or directly to the adhesive cells.
25 Contacting the compositions with a surface can be effected using any method known in
the art including spraying, spreading, wetting, immersing, dipping, painting, ultrasonic welding,
welding, bonding or adhering. The compositions of the present invention may be attached as
bmonolayers or multiple layers.
According to other embodiments of the present invéntion, the above peptides may
optionally be altered so as to form non-peptide analogs, including but not limited to replacing
one or more bonds with less labile bonds, cyclization (described in greater detail below) and the
like. Additionally or alternatively, a peptide may optionally be converted to a small molecule
through computer modeling, as described for example in PCT Application No.

WO0/2007/147098, hereby incorporated by reference as if fully set forth herein.
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pr ef er abl yt s1lave Ast. aftiem, Sed.eldDISBTH Gswr(le&ﬁ)fnglatea:'mqﬁraaildepbmder(lon@setsalm lar to

the repl a?egahg ronnlgt E% q8%5§§ﬁ§8)5) d§98H3 ggltogéiﬁ otk czHgg)%hE &id GJ?;' ? am no

acids in th os1tl are ere rvative
substi t ut (I@mp et lab,vsle@g C$@mf150558ﬁ11 5838 {1 %53 aﬁi@llﬂ@almﬁf@WIWK{ﬂ@qei ded. The

only rest ‘T{;t%%&?gl] fr)élt E@?OEH%%S?EW@%Q& 'w@ﬁ% REhb Etsal' Fettdiddrod NGt 99:3BMSIoko On at

| east subs y retains i si ol oglca activity as conpared to the
nati ve pefB®eKawp ot i, gtrehydiohd-epir 254938 4PIR/ A8 wd memqtébni :&Sl%n‘rmy

optional | ¥, bg YsehshyP dd?@?'smable%wxeﬂ ﬂﬁeptfatmtrﬁ&cp@regﬂdé«%sn ﬁml c or
ot her degradative processes. éfé\gfm omnetics can opti ona%

pr ef er abl Jettpbedserlic é@lﬁ?y“@r(b%\gﬁ? teti t Cherhivedtreen Tiigh- Mgﬁﬂﬁsﬁg
exanpl es ﬁfahrﬁél'atl ablenRest Lesoneti assd)nolsbsler &2, ANARO CAGH docOof12t318 333

cort espond| n(% Gf‘r\rgyn%t aaﬁl df OE'ge ' ng‘ler? | 5 %?6br(?g90) Further suitable exemplary
peptldomlmetlcs include hydroxy 1,2,3,4 tetrahydrmsoqumohne 3 carboxylate (Miyake et al., J.
Takeda Res. Labs 43:53 76 (1989)); 1,2,3,4 tetrahydro- isoquinoline 3 carboxylate (Kazmierski
et al., J. Am. Chem. Soc. 133:2275 2283 (1991)); histidine isoquinolone carboxylic acid (HIC)
(Zechel et al., Int. J. Pep. Protein Res. 43 (1991)); (2S, 3S) methyl phenylalanine, (2S, 3R)
methyl phenylalanine, (2R, 3S) methyl phenylalanine and (2R, 3R) methyl phenylalanine
(Kazmierski and Hruby, Tetrahedron Lett. (1991.((
Exemplary, illustrative but non-limiting non-natural amino acids include beta-amino
acids (beta3 and beta2), homo-amino acids, cyclic amino acids, aromatic amino acids, Pro and
Pyr derivatives, 3-substituted Alanine derivatives, Glycine derivatives, ring-substituted Phe and

Tyr Derivatives, linear core amino acids or diamino acids. They are available from a variety of

suppliers, such as Sigma-Aldrich (USA) for example
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et al., J . Am Chem Soc. 110:5875 5880 (1988)); isosteres of am de bonds
(Jones et al, Tetrahedron Lett. 29: 3853 3856 (1988)); LL 3 amino 2

pr openi dowe 26100E6dIexyl i ¢ acid (LL Acp) (Kenp et al., J pc@npBooghesye 50: 5834
5838 (1985)). Simlar analogs are shown in Kenp et al., Tetrahedron Lett.
29: 5081 5082 (1988) as well as Kenp et al., Tetrahedron Lett. 29:5057 5060

(1988), Kenp et al., Tetrahedron Lett. 29:4935 49 988),,.and.. et al.,
J. Og. Chem Bhepsentjnyeptinggny Par@efﬁé’lcptbdﬁﬂaétﬂ)téon Hr‘;l}f8':’e(ec>1<-1 8%%“3??0(11&%@6'

pept i donmi BRhpEShyRE&lisdhoMNfuhdiohid ggbupan dihSahalificketr alag dpdmallebt .peden@d7 650

(1985); Di, Maio et . al J. er oc. Perkin Trans., 7 9 ; hn et
al ., Tet rg'ffg’érséfﬂtgf_sést ¢f th%ﬁ%of%‘?%aléggﬁa fﬁngh Sﬁc Brtogeasis, fo!]]‘g‘.gedA%]r e%%é%e Hg%oc.
112: 323 338lirgld SM)rjicalamodificé tamirlo. acid) Ho@egr, Bhmivel B&tiA@Gor ¢090Jminggeid her
sui tabl e exenpl a ept i dom i wdr ;
t et r ahydr :ﬁgngglﬁia%ald? %S??gglg}rmg%élffﬁlzet(leﬁ%Wﬁg?(@%{&g*a,jm% Oglb'lﬁl'ea'keda Res. Labs
43:53 76 (19890he; aniin® a@id Hftaay roftiya sesuerics aegiony offi the mdlesule rox \pptignally be
(Kazm er skj i - ' ~ L ¢in e SEhtde ne

i soqui nol g’ﬁgﬁ%%?%gyyﬁ%it%ég)cﬁn f‘{lﬁﬂE Cf:@ anﬁ%ﬁﬁ%?%ﬁ%@&%& . énllDep,.% %r otein
Res. 43 (t®@Qdtyaily vSed 3Sjcherpicslyl mw&’y} a¥earliming xpmplanyrypeyef Fyfification

phenyl al ag) 160t B atiBh) SRYpRIrARH R 2908y 162R, or 3 ol Eth
phenyl al amcﬁlge firKgdzi%mg%ﬁi é% aIt-llruby,SlpTer?]r éheél?ony Let to.r ( ng%%(ogéExeerrrpl ary,

i | | ust r at benss pantoptiorplly baiier iyiomdhe frapeipareais ity depsyide theyfiasd obaf%hni no

aci ds (betag3qeapdd elndedlional BB usdd 8 GoiA GhelSutafte ot @spaifdtd) Carbisxiyllgrour toAL i C
am no acids, Pro and r derijvatives, 3-SlébSti t ut %d Ai:n@ni ne derjvatives,
G yci ne damingagPiRedn # iSAgY <GB Aid{Egloph A dEmaesTIr CARPRXARAY FOETISIY {84 core

am nlo aci @%c%nﬁﬁfﬁ%ﬂ@&@&dadﬁmic ﬂﬁ:@s}(/(l%ﬂ)@; Ifamai Aagaloafﬁl.rlmﬁa. Erapfisle26729a£308
suppliers, such as Si - ri.c SA) for exanpleln the present. inyention
any part 6#98?9))'pe‘?ﬁefa}jég‘ﬂg§fﬁlo?ﬁ“fl§)ﬁ%ﬂ p° BB“oé‘ﬁl&'m}é%g%)Wé S e g‘&fnoi acds 288 2 nged
by additi estbédydfatenCFitgnaid agyl defpativebieen omidhdliydatmiade forsxampit, yreaylktyonlyd
performed during synthesis.o e lecule i.f a chen cal LG process
is fol | owdde® frgo 53’3&12‘“1-%’ lﬁi}“"é&’é‘i}g‘h‘@trgg’ %‘%ﬁéﬁ%%‘fef“&“%%‘u “Fﬁ‘%&“gﬁ‘ﬂggaﬁ“ .
However, ahiembckdl, edodiSGOMPulin Leflerah07RAi0AD(1820)H when it is al ready present

in the nol ecul Es &s'é:él ﬂergiinttﬁ'l;tcrrrrno dcihgri;n(é\%ltnilo%mc !icﬁm" a\Lt?eg r%ﬁlﬁ% HJ £ pfia_&%ca‘mn 0 .aCi d
of any of the 'sequence regions 0 he ol ecul € can opri o_n%ﬁ 'y be nodified
accor di ngtd the gmgserprieveofiont hefer ¢f h peptitlg véxeng|leastyoneyfdts anfinaverid rstdies ¥n (i n
the pepti q}%dfﬁgﬁlcgﬁ-&yq&] %a%la?y\ﬁgcegs%s," chem,calbdesmdidki 88ler) podndididhdii Ng
exenpl ary types of nodification Include carboxynmethylation, acylation,
phosphor y netlifigstiongy| grcles yhemigab rmaskifichgan; {echriquen tyhink, aEt Wk kpdtiud dignart.

optional | g, léﬁsgﬂthte%uin{g}dﬁs tkﬁ@wx? eXddiIRatdns t&mﬁﬁﬂiiﬁ@qdla_)’ g6t0a¢Y Inot AmiitBE tdrydr oxyl
of a sugar. Am de bonds can optionally be used to join the glutamte or

aspart at e agss¥ERY pc;@q{i@&pgmi‘détio&n ADP-ribosylation, glycosylation, GPI anchor formation,
covalent attachment of a lipid or lipid derivative, methylation, myristylation, pegylation,

prenylation, phosphorylation, ubiquitination, or any similar process.

As mentioned, medical devices and implants are commonly infected with opportunistic
bacteria and other infectious microorganisms (e.g., fungi) in some cases necessitating the
removal of implantable devices. Such infections can also result in illness, long hospital stays, or
even death. The prevention of biofilm formation and infection of medical devices is therefore

5  highly desirous.

Thus, the present invention also contemplates medical devices in which the above-
described compositions are attached thereto.

As used herein the term “medical device” refers to any implant, instrument, apparatus, .

implement, machine, device or any other similar or related object (including any component or
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am no group on a sugar (Garg and Jeanl oz, Advances in Carbohydrate

Chem stry and Bi ochem stry, Vol. 43, Academ c Press (1985); Kunz, Ang.
Chem | ntwoBd10/Eegki sh 26: 294- 308 (1987)). Acetal and keCalBbosrdessan al so
optionally be fornmed between am no acids and carbohydrates. Fatty acid acyl
derivatives can optionally be made, for exarrpl e, by acyl ation of a free

anm no group | ysi ne Tot h, et es t ructure and
Bi ol ogy, FﬁC%S%VV?&'??&hWPEEH%?F(f ordi§gin th E‘Ttment Célfeaoér?rev‘i'ﬁlféo g *990)) .
As used hgihei ¢bnbifienst e5wvh" G aahceni@dnténdeatfmome in whenorr @hee raninmeds $ral @ :

peptide accordin e sent in tl oR ref er . . de e at

| east oneaIB’fc‘piattegg%?F?‘?‘be‘&?F&C YEsT e h lon R ah °r5°d gu?hh gdl‘%g%l\}é%udroa fids

pr ocesses achsave fts prdmary @aasisd pgp@es thtohgr chpmwalr 4criamzidas hamigpendamd ifandwingons, or
by chegscal [;r'ﬂlgef“"n@ Qevtr%gnt}n%ngpgl'o;qarmﬂnende% &iell known in the art.

Exanpl nown Icati on It-pypl cally include, but are not
limted to: acktuskdlidreomiheaayl"abplon’ re&mtclam abfect m@@dqd@rd%wra@ntm human

gl ycosyl ago r.{hat %Elot é’j‘{]ﬁpo{lssﬁ r"[{mm&t m%? gﬁgra@t&r ?’&]&ﬁﬁé& lel m‘i"plaln't pdn(i)eor

lipid der rvat l'at1 on, prenylation,
phosphor ylaraartldn conuﬂmsqlgl amfrmd F@rponents, awy ag Pﬁhth Ofpﬂaé?féaé(gfs hEPlh%h?ainéﬁéd

medi cal d ﬁl\éiélﬁ 1%@1%1 &ﬁ%@%&t&ﬁﬁ hmb%cés%%g ttl?ag th\é'lr thblng RRQEL BaRE Bdeh C

bacteri a ct1ous mcroorgani sns (e ') in some cases
neces3dpPt atinigltheﬁeAﬁémmpl‘bfoo?WPf&n@ﬁ age Ef‘émpéﬁgsseds‘l?cthat rdiingoteds &%5n al so

result i nrénlo‘vé@é@elluiaﬁ%) mg%'tﬁaﬁltheﬁtsﬁa\b% is r@tram@d/ﬁ)rke@@@@ Diemph® fBF @MOWH @n of
biof Imformation and i nfection of nmedical devices is therefor

desi r ous. bansuisom prhestyr A% arrther FHEPRIS SAMEAIE PoeiR g FRst R e rPé‘Est(‘? od%‘glpces in

whi ch t hehﬁp S rbﬁ%oﬁ@iﬁﬂ%h%@ﬂﬁheﬁﬁ@ tidt Bod¢ h@%eﬁ’thﬁl‘oﬁh@ed]ﬁ&ndjﬁaﬁalher ein

the term™" rredl cal device" refers to any inplant, instrument, apparatus,

i mpl enent herBERi ne, device or any other sinilar or related obj ect

(i ncl ugi ng anyrlﬁ@i’ﬂ@&ﬂQ%ntﬁiham&&ﬁ@ﬁ\yélonswbhm@ niedichlideeinetedttf the cangpesitionst he

di agnosi s, Elreat ment, cure or gcrﬁ gnt on_ of disease.or ther conditjons.
B é “i s

Such nedi 8 e B@W{:E‘V?‘E‘OP Fﬂ LV ere;glée thﬁreto s as fo refhhce/e mmate afly p0351

men ‘or o
anti ci pat e€ll iggregitfoncihd bioéls farmetionrk@own toaqswurrfummg)nnpja‘ntattlhe D@dye-re@u:dh

nmedi cal devi ce does, not,. achi i h
cheni cal é{g?“’%?ﬁ*f ol ylr%sulrtlgrt g lélhr c?(p u‘foforrrlﬁ le ?‘%BBW BQC% i &U%gu}g
achi evenedévi@findett®n pr inanyation peundisch pulirpo s@shm% ofibleet- mmrgamm te dem

s hotla PP AR Laflt SELEE bRy EAE EoARaELERE Tt Cont M miegly e
i mpl ant cdm@emalrthacmmbleortsmmelpsqsm iyentiopwiil &ereéamtwrbe@lm§mmasof
catheters oftd orHf&E HPJ?@Jla?l spéc@,l V@iﬂgﬁev&ﬁ@neﬁicﬁ%evwe related infections, and consequently

will reduce the need of antibiotic treatment or removal of the medical device from the subject.

Medical devices that may be coated according to the teachings of the present invention
25 include, but not limiting to, artificial blood vessels, catheters and other devices for the removal
or delivery of fluids to patients, artificial hearts, artificial kidneys, orthopedic pins, prosthetic
joints, plates and implants; catheters and other tubes (including urological and biliary tubes,
endotracheal tubes, peripherably insertable central venous catheters, dialysis catheters, long term
tunneled central venous catheters, peripheral venous catheters, short term central venous
30 catheters, arterial catheters, pulmonary catheters, Swan-Ganz catheters, urinary catheters,
peritoneal catheters), urinary devices (including long term urinary devices, tissue bonding
urinary devices, artificial urinary sphincters, urinary dilators), shunts (including ventricular or
arterio-venous shunts); prostheses (including breast implants, penile prostheses, vascular

grafting prostheses, aneurysm repair devices, mechanical heart valves, artificial joints, artificial
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i nclude naturally derived objects that have been processed so that their
living tissues have been devitalized. As an exanple, bone grafts that have
been procwezen/wesshat their living cells are renoved (&cehBriosni7asd), but
so that their shape is retained to serve as a tenplate for ingrowmh of bone
froma host. As another exanple, naturally occurring coral can be processed

to yield hydroxyapati arations that can be a ied to t for
certain oPPRSPediocssAy! rﬂﬁ*ﬁ’tt 1 ARHRPAY &9 lcesfhvéscbli%és%uﬁgte Vent ?Sglrllart ﬁgrg%fore

envi si ons cl@ﬁi@d, Ieﬁgolﬁﬁsdév&ak \d@mucxean witich, ddur Gansgsp gértal amplaofs, hyvzoceplebent

i nvention preve t cel thereto educe ' e any
possi bl e EIEIPTS §r§tafl$rﬁm geub? fgﬁ%flhg orive liagsﬁ E%ng\%ﬁ{st gé{?)eclérgértﬁegégﬁﬂgm ng

i npl ant at thenike. DeV| ce-rel ated infections usual ly result fromthe

| ntrodyct i on of, ffltLARLAARHRTRun BHibd Bllob ARG Bl piksedl Hehifbn il e d6¥ing ©

i nsertfon or i‘Mplant atn o IE)roce oF from attachment of bl 0od- bof ne

or gani snsof ourfadre fmvunythle nmércaleqmddewlceevmenhe?wh sufsesgndnde the speigadi on on
| tS surfaggy (DAL AR MRILEAL aHPXRE: WHee! AEoBIPAShih Rl Tokpdalie
present i nventton Wi there ore 1 nhibit biof formati on_of one or nore
nm cr obi al uspeSidssurfpdel incbldeﬁerwnmmam A aitickes a?@F"étfé’de‘H‘Faéc‘:‘fq’ geleding ng

consequentky o l#nluta{l&g %@ﬁpéﬂq eneg(ﬁgsd sQfs0RNdabsRer GevickEALABRAL inPdsiveeib@l, of the
medi cal device fromthe subject. Medical devices that_ may be coat ed

accor dP ngtherpettie of diagestirgarogstiures: dlqgd dilternt Qthey examplss Wil op u‘i:i’é‘ Y HRPETRIP
Lim ting LQctitRhér fnhdsahrdl 00d vessel s, catheters and ot her deV| ces for the
renmoval or delivery of fluids to patients, artlfl cial heart artifi.cial

ki dneys, ort hopeise fpxnddn thsrmpediqbenviropmpsnf plso inglude dhe inpeg ap Ttﬁrnatsgws Mt heters
and ot her pfctRest ddanal eighttnt) mdRgl gat waﬂdomdmearr,y pethmsel 1e nhh)hdfaab. keral

t ubes, perlpherably insertabl e central venqus cathete
cat het er s Setgng SPgt ATagesn&An aw‘eﬁ%f?féﬁcew%ﬁ%f8%{%h°é?géﬁﬁ£s°h &P ph%llrfeacfloueenous

cat hetigrs orgSﬂﬂQﬁi i efefic@iestttings, snetn@usglds/ast r@ms sand afhdestrielad. (Catmmnb'r gsed

pul nonary cat ers, ersy rinary eal
cat het er s eﬂ?? I RP I%Fés,\fgaéger f’rﬁéﬁﬁla?pr%%su 8101 efm rﬁ%‘?}%ﬁ’gsrsgﬁg §Sv‘|)°2ﬁmy}egg
bondi ng udidaa, yylde\pblgzesse;s aolyueu‘rafhuomlethullenmamlyurstpmenletee,rszilcomandamyl dtheat or s)
shunts (1 BCkud! 08 MA LGREAlp0lnd ikl On RO USeaRY m,}ea)cal AL 3 For

(i ncl udi nd"BFEast THp 8 feprostheses, vasc

prost hes emepamgunngm appptatus, tdbeslaoésanmee heediin a¢splh%%rb’ttrevtmev@smcla 1pg theci al

J 01Nt 5o Abdhlshdh 'oﬁg%géleaf sofb 00458 in heRRliAR! B o RARLQIRIKE CIRYLEES,

vascular &ath vascu stents, clanps, enbolic devices, wound
drain t ubexsfac@cuhanclwcertge@es ahdnebles farphesivelor dapil sEuRAent @et BkeadRdsto be

pacemaker g..Afd Admal)@anlk 34%1? sd{iﬁf:és QE& |k RiOMSse dA8RRIR!R&tal AMAGS 0P fubes an@I CE
pr ost heses and ther possible application of the conpositions

of the pr othenapppIRiEe [Equp@)pp @rgastw-}@reclgg_qdl cﬁd)ody fluids or other hazardous biomaterials are

commonly encountered.

25 The eompositions of the present invention can be used on the surface of or within these
medical devices to provide long term protection against microorganism colonization and reduce
the incidence of device-related infections. These compositions can also be incorporated in
combination with an anti-microbial agent (e.g., antibiotic agent) into coatings for medical
devices. Such a combination will sufficiently kill or inhibit the initial colonizing bacteria and

30 prevent device-related infections as long as the substance is presented in an inhibitory
concentration at the device-microbe interface.

The compositions of the present invention can be directly incorporated into the polymeric

matrix of the medical device at the polymer synthesis stage or at the device manufacture stage.
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of surfaces found in the nedical and dental environnment. Such surfaces

i nclude the inner and outer aspects of various instrunents and devi ces,
whet her dweporabib@20r i ntended for repeated uses. Such ®arfiBze%0078®d ude t he
entire spectrumof articles adapted for nmedical use, including wthout
limtation, scal pels, needles, scissors and other devices used in invasive
surgical, fherapeutic or. diagno c bl

exanpl es #“T for‘HPs‘ P R 7158 pg?‘@nef]ll¥ 8&6;2%1&50 ?glﬁ%wasl%lgﬁcet !ﬁ(h%%rarxthg 'l urfaces
found i n mhey sedineeHodest\costng medical akw ces iarecividels t¢ bre of ordérryashil intheart. aspect s
oL Pt reart h R Rl F DT dhn bRl oA o YR Do RO R i BRICR O
in the health ‘tare setti surtraces can I nc surfaces 1ntended as
bi ol ogi calnclde the égmsr and oum‘ Gptthghom grtiflessinwolved inpdierpirifisetion) wiyer stoasageh as

gl ovess apfOps ratﬁqvefrfcdg§ Hogd Qﬁclesqgmllx f&b%eiﬁjoc'g@s‘n%r 'T"Ehssthg Qfeséﬂt legxgloﬁal

barriefs are {Rer mbpl'astic of meric material s such as po | ene,
dacr on, nyer@rran pgﬂrtlpegtsehésur%@ﬂ 6}ft pd P RRYEIBE] $ARIAEISE IO Y& ﬁ%{ﬁ@ ofjit§t ex,
silicone nysl nyl. Qher surfaces can include counter tops and fixtures in
areas used nmedi cal procedures or for preparing nedical apparatus, tubes

and cani ster s SE@%FS irflatedete ealican 3sq P@‘H@%‘E‘ﬁ%“ ang, e‘i‘tEFOﬁSE’FQtSPﬁ thoscchorseheldy at i on

of oxygen,ipks SRR |ihZKEviBhE IS nitrilSD Wahit@bs cﬁ-rujse@sfe pleestibet | Thuageet s.
O her such surfaces can include handl es and %ﬂ es for fgl cal or dental

equi pri@nt cafprositiptsefiethor Bretsal SPERTieTe. AAdRE 1S I yem@\RL noks JHFHEEE 8N

i ncl ude t hRsGreRRMSt R |Rieil irfiads. SThésacas 1ﬂcfludeulﬁﬁ'SexaﬂlﬂleOfob@I‘pr(&:Bspﬁlgat us

found in areas where bl ood or 3 fluids or other, hazar llltﬁ An mat eri al s
s R gati

are commFT%PRAELCHRTET &6, maf‘ﬁ@ls RiPICORTPYP: PR IPFEEEH R

i Onh ‘can be
used on t prdsiy, hasenolf cl@nernarddtbitet bdvdse medi cal devices to provide Iong term

protection agaj nst _.nm croor col oni zati.on and red t ce of
devi ce-rel at ed hler?f‘r&cf’lr[gﬁg’ 91??“‘5 %Stﬁ'lalosrtlz ‘?lsdﬁcslu‘ﬁfhbut 8 l%ltedqgfc%lrcr% E@ed in
conbi nat i eideyd dultuiny tewod,i a-lmrcdlshtnrahy atbh@ntitable. type, of dissiie blltutq \cssagemogtalnfnt o]
coati ngs or msqle ﬁl devices. Such a conbination will sufficiently kill or

i nhi bit t &Y AIISAM col oni zi ng bacteria and prevent device-rel ated

i nfections as Terigveawrstdi¢hisappbtatiordsd gvsivadernsed thn campositipistif thgrpyesent

concentratj on. gtasgnrgiefoggél g&\ltm crobe interface. The conpositions of the
pr esent i nventlon can rectly |ncorporated into the polymeric matrix of

the nmedical detd eed &ereinrbe frohy i fouling seerts srefraigehe pompoupdsaiserb ip] pratect

manuf é}ﬁt L{?qeﬁ;tfﬂ&% rm%s ﬁ&mmingmge%ﬂ oagaﬁgnpem‘e@éfﬁhg@&éworgsnns%hs@uaeo the
medi cal devi ce F hese and many ot her nethods of coating nedical

devi ces aﬂ@r@vg"c&éﬁtsutﬂbas&a&@e@fanéf‘ﬂ‘ﬂhary skill in the art. Additional
surfaces that pRE BRAVRALRHAGEMNWR AP walr ih8etRaaiThdImciading B8pPPRESNT

| nvent Onhulls (i.e., the body or frame of a ship or boat), submergence vehicles, navigational aids, screens,
nets, constructions, floating or emplaced offshore platforms (e.g., docks), buoys, signaling
25  equipment and articles which come into contact with sea water or salty water. Other underwater
surfaces include structures exposed to sea water including pilings, marine markers, undersea
conveyances like cabling and pipes, fishing nets, bulkheads, cooling towers, and any device or

structure that operates submerged.
The compositions of the present invention can be incorporated into marine coatings to
30  limit undesirable marine fouling. Thus, the anti-fouling agents of the present invention can be
formulated so as not to contain toxic materials (such as heavy metals), and still retain their

efficacy. The anti-fouling paint of the present invention may further contain binders(s),

pigment(s), solvent(s) and additive(s).
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i nclude the inner and outer aspects of those articles involved in water
purification, water storage and water delivery, and those articles involved
in food pvoceswi7egy2 Thus the present invention envisi on®CtaRztosrgo7adsol i d
surface of a food or beverage container to extend the shelf life of its
contents. Surfaces related to health can also include the inner and outer

aspects of thaqse hous ticI S involv rOVIdI i on,
sanitation or %‘?%‘Blﬁssgfeﬁ?"eﬂ}té tat &Y %fﬁﬁ%d mflﬁ‘ge %8%%& drocarp)gns lhggu%ﬁ ée%ent
i nvent i onaasluéie; Mﬁ)ﬁdxcfk@ﬂrobz&mvaﬂch@i h@kmmsmemauseswgs smnlcascﬁdrygmtamdf rom

external surfaces. These can;incl for t
for hone D¥¥ 2CHEPHTAFSITLE Ny t‘]’yrrdhdone ?H%ngdé&tg%%gmﬁ%gggfcggﬂ?%u%gEiagmeﬂ

and ski ncas sogromd latcblml ahd swhalcohot; | cimmesush andioxariel dHFpand] dicthyTtethes anface may
be_al 89 bEetl aelso (s)LI{c h &t)h&[ gtl]ﬁl:kc%fon!e rl'%! yllsggutyl%tong %tld lnl‘:tm'lt 1§cglmtypket(mec r’I(B%COp' c

slide, "a curturing or an er suitabl é type of tissue
culture vsm@atsn@lybcomialoneorlkn@nmnatlnnthlq@0%rt The inventors of this

application al E%(gm_glg%; hf&g&ré ﬁllgt 1'ﬂ§}¢bepilsezl %hﬁ@ IRYS 'réslno Q&'{l@c ort \hﬁyl RMERRAY,

i nvention as antli I'ng agents. used hereéin erm"antl-foullng
agent s" r eflgyrethang resins, mmm&wwﬂws@jbaﬁ%‘ SHEY: @ ‘é“t/h"uWéfésr’ Weprgspicsliepts dads r om

attachi ng,5h0gi6 I%ﬁhJ p&flgﬁa{?fysa@nyl Jﬂiﬁ*ﬁi@/vﬁx‘yﬂﬂzl‘:ﬁte(\cgﬁdlylﬂé’r%ﬁ|rc§s[H5 i ncl ude
m cr oor ganl sm such bacteria an ese  under wat er SurfaCeS i ncl ude

any wafer i mTEEX@@GICS ef pigments F%&P‘Gﬂf"ﬁt}segﬁ?cﬁ%de/tﬁ%‘% dioxidey qugrops o¥ide. 0Re gy

or frame Q)tld@- tatd) IaRln’QILuIQQﬁI(QS; mitH PIRRS 0RRR &x1i8 NduBlods thidtdata@atihOddde, all[ﬁllﬁ
screens, nets, constructions, floating otrd%%g,llaﬁed of fshore IE)I atf
1

(e.g., dodlesye Belgysenals oFas | AEOBYEI FHEn hieqademiigi HO% eﬁléy?nﬁt 0

cont act \Nbits(faltﬁleaar%a{ad R} afdlzirkalidihyl Wali@arbakitber under wat er sur faces incl ude
structures exposed to_s water in Iud| n nder sea
conveyances | i'R@MRlHf ﬁgdatévﬁﬂ st gay, ef‘?cé)fﬂ%ﬁged 18{1%‘!’ ﬁ?ﬁ (fsmt(:)’(’)érllducilé

tower g5 aﬂ&u&WﬁdﬂQWeﬁﬂg/ﬂfspeﬁrilﬁg,ligemﬁ anti baﬁlmgmnaiams -skinfing a@ets drifi hg(cunng

conposi t f th b i
contings o i arborrha g SR eriP AL I RLGE S BRS Be s

of the pr essihiters and em-faammgaargerbe Aditittonblit, ey amblasc wbllch tscrelety\rﬂyamwlttbtmpc

naterials such i . retain their efficacy. The
anti-foul £ watercaﬂte Qthhtgqg%&L@{m qﬁé\glgﬁ%l&n may further contain binders(s),

pi gment (s), schtbms (of )Jreaﬂdlganhﬂmt pytie{oylingFeintpire sxpifinasion detall & YRabatng be
used ijcl ydes a0 b ¥ AELANS. BHEED. 857541808, Pat. No. 4,865,909; and U.S.
Pat. No. 5,143,545.
~ The compositions of the present invention may also be used for providing antibacterial
properties in cosmetics, to prevent spoiling of the product.
The compositions may further be used to provide an antibacterial effect to the mouth,
25  teeth and gums, such as by incorporation in a toothpaste, mouthwash, or chewing gum. Taken
together the present teachings portray a wide range of novel anti-adhesive agents isolated from
organisms such as aquatic organisms and moss. The broad spectrum of the anti adhesion effects
of these agents (e.g. inhibiting adhesion of gram positive and gram negative bacteria) together
with their ability to effect the initial, vulnerable stages of microbial biofilm formation, makes
30 these agents prime candidates as anti-biofilm agents. Moreover, the anti-adhesive agents
described herein are clonable enabling modifications and mass production thereof. In addition
their stability (i.e. resistance to environmental conditions) makes these agents suitable for a

diverse array of applications.
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and toluene; aliphatic hydrocarbons such as hexane and heptane, esters such
as ethyl acetate and butyl acetate; am des such as N-nethyl pyrrolidone and
N, N- di metwol2bovaredszde; al cohol s such as i sopropyl al cohecTanzhoyuargde

al cohol ; ethers such as dioxane, THF and diethyl ether; and ketones such as
nmet hyl ethyl ketone, methyl isobutyl ketone and nethyl isoanyl ketone. The
solvents may b Qne .or .in co nati.on t nder s
that nay be us"g#tfo%l?} N A Y ovgggreat e Otht% Vgll%gen %mlsl %?)lhgécoma

pol yur et hamﬁrenecslons ordmpmxykltlasﬁmls: a_lrstmon @mndmas eﬁlthr: écsiowglg eqemples whicksi ns,

| nor gam Carsélno 1n?en %g glmltg)%l r}\:sdditi\éhzﬂlﬁl eacﬁ%f e Ip(ﬂlg te{nﬁwuﬂ&lty arfd a\éfge@%lof

chl ori de/ vi'ny ace fe°co rosin. arrp es of pignents that may
be used i mclpmslelt iHVtramn amedin@kqddlerem@bmle@%asmﬂé@ inthecpipingx§egéon helpwefinds

al um nku {peﬁ%grﬁals %R‘uItlh@‘K)?lﬁm %%ﬁa{nﬁlﬁesom de, cuprous thi Ocyanat e, zinc

oxi de, e neta-arsenate, zinc chromate, zinc dinet %
di t hi oc ar banat@enelzllhdhfetlmnélﬁ@reo\‘lsﬁfé dpret; a6 dbolaherrtety RpRFdwEh BUIERE imihe

di t hi ocar Bapmt anemm'cﬁ& oA}, t iY@ SmichatmibBdioREicAINGRI RESAGIRG: IDNA t he
coating c osition include dehunidifiers, wett] ng‘/dl spersin hfga nﬁe

anti - set t lechiausyeSudh teghmiques Renfpienghhy explained inythe, HieRT n og

anti-marr 'Mgleé"nﬁﬁr@ﬁmé%‘dA ashdididry edaridi Sambidol €N AYEY; "Ghrﬁ‘eﬁﬁPtol&gols in
COprOSI tions as stabi

izers and_ anti-foanmng a i.tionall any
ant i bilBt i Majgsrien, Biddogye | Valymes) LI} qugybgh) & %"eggg%“ir’* ﬁe‘bf‘é SY‘W“Eh an
anti - f oul ipRghbcBBfid neleaaarrmoloyetjam“hm ] A& Balnoie Mangarair(t $895; mamangA pai nts
are explained in

4,286, 988 IPrae}lcg pgfe '_[to lecnﬁaré%lgm ohw%%leyl:ﬁégonsr\lg%w Y(%%?%@QRV&SOH eUalS Pat .

No. 5, 143 ’&bmbihhe mm*pc&éiehuﬁm anﬁflcatnhhoqks eNentYorky\Vigintns enalngdspl'Garolne used

o b o RO LIRGHE! MayD SRRST. NS pear o SR Ao BBl RkeoREL! 1 N0 Of

t he produ Y her
ant i bast eiviosd (leﬁﬁ)embthbdbldglme avTset fa:rthtmzél& Reh ANagguAB66, &QBCH 68320y 4i84t.6%por at i on

in a toot ?FIQ?{S S 2n YR hCelPﬁng?V\A@gPoqgtg?P’ gtﬁo%k't QRIS -1 ReuRr egeNt

t eachi ngs "portray a w ran e of"nove esi’ve agents isolatéd from
or gani srrsed;lﬂtﬂ?4}a§cwrcpnafm®cwj$ gldnmnsloaﬁd’qm I-If eligandald e 80P Hubtitetett he

anti adhe%f géhs)ef"ﬁgs%‘ §ndoélu{1ggact g%lﬁa (étﬁ Iﬂhudni‘ h&ﬂ&!&dnﬂg I%E@%&Qalm cgram

positive an am negat 1 ve together with thEII‘"b|It to effect
the initi &1994)4M1ﬁlelr1 am Shiigi ted®s " Stected Me&mimn Gillgler mmynotagnt (Vorfl TfefRB8 t hese

agent $opr L, fec g aqdi Q@Iket%s@? a@mabre %Qﬁthéa@agﬂﬁ@ Exdens ?%@ééﬂf)ed ih R patahﬂ anad hesi ve
agents described herein are clonable ena i cati ons _and

product i ofcigmidie elpraturen sagidfor j ¢rgmple, U.S. Pat. Nos 3 791 932; 3,839,153; 3 850 752
3,850,578; 3,853,987; 3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345,

4,034,074; 4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait,
M. I, ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., eds. (1985);
25  "Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984); "Animal Cell
Culture" Freshney, R. I, ed. (1986); "Immobilized Cells and.Enzymes" IRL Press, (1986); "A
Practical Guide to Molecular Cloning" Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-
317, Academic Press; "PCR Protocols: A Guide To Methods And Applications", Academic
Press, San Diego, CA (1990); Marshak et al., "Strategies for Protein Purification and
30 Characterization - A Laboratory Course Manual" CSHL Press (1996); all of which are
incorporated by reference as if fully set forth herein. Other general references are provided
throughout this document. The procedures therein are believed to be well known in the art and
are provided for the convenience of the reader. All the information contained therein is

incorporated herein by reference.
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their stability (i.e. resistance to environnental conditions) makes these
agents suitable for a diverse array of applications. Additional objects,
advant agesp 2arh7o@eel features of the present inventi onPariiB2dogoewss
apparent to one ordinarily skilled in the art upon exam nation of the
foll owi ng exanpl es, which are not intended to be limting. Additionally,
each of the various enbodi nents and aspects of the present invention as
del i neat ed herei nabove and as clained in the clains section bel ow finds
experinmental support in the follow ng exanples. Generally, the nomenclature
used herein and the | aboratory proceq%{fﬁﬁl, Llized in the present invention
i ncl ude nol ecul ar, biochem cal, mcrobiologlical and reconbi nant DNA
t echni ques. SlRelﬁerértee hisninquesadarte thiydolowgy yxampidsaivhistl thgethehevithi theraheysr e.
See, for acy tory Manual" Sanbrook et al.,
(1989)9 %ur S}én 1]IB?O ocolué\%flthogl\fg?lé%ﬁfml&%l 0 %Igy Volumes I-111 Ausubel, R
M, ed. (1994); Ausubel et al., "Current Protocols in Ml ecul ar Bi ol ogy",
John Wle ); Perbal, "A Practical Cuide
to Mol ecu?aﬁ%ggﬂ?\ve’ﬁm %{Iﬁ%%lawwl gtrr?gg‘%\lg(\?v@mrk 1988): Watson et al .
"Reconbi nant OiA" S,Yn@et!CemTlfW @TZA\%%} (CHS R SRIXP WY NYS @W@t gYF. (eds)
) GenorTeLA%tgxk'Mha?ely %O%qﬁakﬂﬁogrdf P%ﬁ&ﬁ&na§%ﬂl§§osa at¥RhSent bt three(@Bhéén@iHohd g

a

Har bor ratory” Press, New York (1998); nethodologies_as set forth in
Us. Mt 5Q\Iés‘mdﬁ56'8€111812’8 1)4T16813t“202ﬁa54m8’@&t05%a1 of e £§ac7dEe nepfledasrd 91057,
"Cel |l B O{h@QHemd%e le‘}‘QQ)&ﬁtéEﬁ\Ye febsl bankioc, V‘Hicﬂ RS ubedlak la degdtive Sontrdl peEmde Ed
(1994); "Current Protocols in _Inmunol ogy” Vﬁl}é 37 (38 L gan
(1994) ; SPpy sathepizeq) baseds g yhe Neterminal sgapeneg jofiAbaf! Fn%‘h%‘ftot y2 ’(Vgtrﬁfldéﬁl ti on)
Appl et on feNehgeEDYWYr wal k, CT (1994); M shel | and Shii gi (eds) " Sel ect ed
Met hods in Cellular | mmuno and Co. (1980);
avai | abl e i mn}:ﬁ%&g%%s“éﬁe%th%tg‘f’@ﬁoé’f%‘é’]jﬁft ?fé‘éré Ht EICTCﬁcet(ﬁéhe p%eﬁf 9%
scientffic I i treg 3t dhoes asiehertze aaiapplit, peplidss giZad cydNos. grBZSEQquserBQq the

3, 839, 153, 752. 3 3,987; 3

3,901, 654am‘§°9’§ Sﬁ?ith%béégcgﬁﬂ’ Qﬁgﬁé‘eﬁ‘ﬁﬁ““ 83'33”8’%‘21%}50&3 é‘%b"“de
4,879, 219seq5¢1ﬁ6.1SFQQNHSIXJHSEMWQZ\WSD@D@I@NQEGQ@QY% 8hich hm@ents@athp M
J., ed. (1 8 %l’ul rr,l\cl%%lnerlescl:due ng Zé_iy %4 Hﬁ@é& th"@{?% telgé's npthe CaaH&INH!:rglgdlns S.

J., eds. anscription’an rans ati1on D., and Higgins
S. J. Edsnd (1988); bridzedral ©ed | Qebtidar e' gﬁﬂé@hneyhe R Heptldeed S¢IBS) ;

“ I moby | i g @w% i R3S repled2B6he cxebrcEldgtrkgal, (Gide to

Mol ecg ar %@ﬁg%{/ﬁ er @984 andrePI\/Et hod eéei(ncEnzyr%ogyr' Vol . 1-

317, Acad@if- 2,84Pwes§ynthesmkwph m%twsm@nd&éteﬂr@mh@t hods And Applications"”
Academ c Pbr €S Spig %%HOVQ tﬁga‘fec%f &e]aggég)gTZM§/§ml%rﬁ8(ﬂJnB aerbinésa@gives for

Protein Purifi catl on and
indicating that growth of the bacteria was not inhibited. This result is important as peptides of

the present invention desirably show little or no growth inhibition of bacteria.

25
While the invention has been described with respect to a limited number of embodiments,

it will be appreciated that many variations, modifications and other applications of the invention

may be made.
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Characterization - A Laboratory Course Manual" CSHL Press (1996); all of
whi ch are incorporated by reference as if fully set forth herein. Qher
general rwbepsnmoesizare provi ded throughout this docunentCTiB®Boppr@ssdur es
therein are believed to be vveII known in the art and are provided for the
conveni ence of the reader. the information contained therein is

i ncor por at ed her e. EXAMPLES Reference is now nade to the
fol |l owi ng exanpl\z(yl‘ﬁﬁ %I%S)nlgher wi th the above description, illustrate
the invention in a non limting fashion. Exarrple 1 Prevention of bacterial
attachnment by gr Th thet| [

[ CSFSQNKSVHSFDY gbﬁf&%ﬂ %@j 3 Sequgmgr o‘i’&?r“gf’ %&%“%rcg‘\lfésﬂ‘t‘% 8h of
Pseudononas FEHDY@YnoSED‘éDM@ChnﬁﬂYIaWYﬂ\hrétSF@(YWHNr atiSGRYDWONVS and 0.5
POy Sh O dHsrplRRVeRY) ¥ Y MBS IDWAINGS thal dvidioviRaRdlis pept i de

based on the anermne yt ot oxi n ‘actrve reglon. Abac whi ch was used as a
negative corSNHSFDH@MYNESDwai(WBé’Q\&%NVBBSeéFSU#ﬂSFﬁé(Wﬁpﬂal sequence

of Abacl 7C, V%\}}&? YWY RESbYe residue [CIVFSMRED){I@}:Dyﬁv@YNQSg AoONstrates

that no gro ect occurs in the presence of the tes t| des. Fig. 3

shows anti &N@W@@%WYNWSP%W pept i de§N§§Y§§F@¥Q“é QQQC based on

the am no a%bﬂl WINGR B7b OnDV@Nﬁ@WIQFDQWYﬁVSDQRDU de grZ35
GDAGYV._whi ch

eye, the pepti de sequence SFS KSVHSFD
represents tFﬁ@N&SVHgEQVWV? QrBk; r E3RYKeVHSELYBNV YNMIDLHREResi zed with

two Cystei nggshREPasEOeDHINVEp@ADikand S-S bridged. For peptide grZ28C,
the peptide sequence SFSS\IKSVHSFDYDW(N\/SDQADLKN which represents the

ext racel | ul SFSREEPYRSFPEDRVIBILBBEN. \as' synt hesi zed with two Cysteines
in Cand N (®FRORKSVESEDYDHWIOVSDOABPLENS ect s of peptides grZ35 eye and

ot i o bi ¢ srSaiRsVASERPDR ey paRbERNCE Gm CENP RNV Bhmbifisdlr, o' ¢

i nvention degskdoably show little or no grovvth i nhibition of bacteria. Wile
the invention has been described with respect to a |limted nunber of

enbodi nents, it will be appreciated that many variations, nodifications and
ot her applicati ohs ofA tdmpositive ndmmisingaypepedensdacd AT ah SniBla\bMED, | S: 1. A

B e Mo AR T B RS0 i, OO

: SFDYDWY, SFDYDWYN, HSFDYDWYN, HSFDYDWYNV VHSEDYDWYNV,
VHSFDYDWYNVS, SVHSFDYDWYNVS, SVHSFDYDWYNVSD,
KSVHSFDYDWYNVSD, KSVHSFDYDWYNVSDQ, NKSVHSFDYDWYNVSDQ,
NKSVHSFDYDWYNVSDQA, QNKSVHSFDYDWYNVSDQA,
QNKSVHSFDYDWYNVSDQAD, SQNKSVHSFDYDWYNVSDQAD,
SQNKSVHSFDYDWYNVSDQADL, FSQNKSVHSFDYDWYNVSDQADL,
FSQNKSVHSFDYDWYNVSDQADLK, SFSQNKSVHSFDYDWYNVSDQADLK,
SFSQNKSVHSFDYDWYNVSDQADLKN,
CSFSQNKSVHSFDYDWYNVSDQADLKN,
CSFSQNKSVHSFDYDWYNVSDQADLKNC, and FNFDWY, or a combination

thereof.

3. A method of preventing adhesion of a single cell organism to a surface,
the method comprising contacting the cell with a composition comprising a peptide

isolated from an animal source, said peptide comprising a sequence selected from the
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VHSFDYDWYNV, VHSFDYDWYNVS, SVHSFDYDWYNVS, SVHSFDYDWYNVSD, KSVHSFDYDWYNVSD,
KSVHSFDYDWYNVSDQ, NKSVHSFDYDWYNVSDQ, NKSVHSFDYDWYNVSDQA,
QNKSVHSFDYOWWBEXZA, ONKSVHSFDYDWYNVSDQAD, SQNKSVHSFDYDWY IRYEBE0Q¥KD) 7896
SONKSVHSFDYDWYNVSDQADL, FSQNKSVHSFDYDWYNVSDQADL, FSQNKSVHSFDYDWYNVSDQADLK,
SFSONKSVHSFDYDWYNVSDQADLK,  SFSQNKSVHSFDYDWYNVSDQADL KN,

CSFSONKSVHSFEDYDWYNVSD S W N d FNFDWY or
conbi nat i on§r°£uﬂer°é’8'?ls.[t)19§. @ l&%ﬁgs%§¥ﬁ§§%rl sing a peéfql%&é&{]sg ated from
an ani mal s@SFE@NKSSHAFPEPW YIEVIIDQPPLENGg a sequence sel ected fromthe
group consi sting of FDYDWY, SFDYDWY, SFDYDWYN, HSFDYDWYN, HSFDYDWYNV,
VHSFDYDWYNV, VHSFDYDWYNVS, SVHSFDYDWYNVS, SVHSFDYDWYNVSD, KSVHSFDYDWYNVSD,

KSVHSFDYDWYNVSDGQH.  NKSUeiSEDVEMKNSDON dEHaSPDYDVHNISHION to 3, wherein

QNKSVHSFDYD\Y < JNKS) SDQAD ;. SONKSVHSFDYDWNVSDQAD,

smmwsm%g%&ﬂ%ﬁgﬁg\%%%ww% 2 DL, FSQNKSVHSFDYDWYNVSDQADLK,

SFSQNKSVHSFDYDWYNVSDQADLK,  SFSQNKSVHSFDYDWYNVSDQADLKN,

CSFSQNKSVHSFDYDVWNVSRERADL KN, Gob SRS HRRRY BYIAMSRRARL KN, anekiENFDWY, or a
p .

conbi nation thereof. 3. met hod of preventing adhesion of a single cell
or gani sm t o said gentiflgisacsistapeto philigrtie®npri si ng contacting the cell with a
conposition conprising a peptide isolated froman ani mal source, said

pepti de conprising a sequence selected fromthegr . caonsi_sti ng FDYDW,
SFSQNKSVHSFDYDWYVSDARDP K6y cOmREsttgak SRR TAAY g%%ﬁﬂ‘mé whe .9“ The

peptide, CORREPEJHIOR f@HheBpINIEoQfiniBinYe RhregitR@Beellst 0 3, wherein said
peptide is devoid of cytotoxic or cytostatic activity.

7. The method of claim 3, wherein said single cell organism is comprised

in a biofilm.

8. The method of claim 3, wherein said single cell organism is selected

from the group consisting of a bacteria, a fungus, a protozoa and an archaea.

9. The method of claim 8, wherein said fungus comprises a yeast.

10. The method of claim 3, wherein said surface is selected from the group
consisting of a fabric, a fiber, a foam, a film, a concrete, a masonry, a glass, a metal
and a plastic.

11. The method of claim 3, wherein said animal is a vertebrate.

12. The method of claim 11, wherein said animal is selected from the

group consisting of a fish, an amphibian, a bird, a reptile and a mammal.
13. The method of claim 12, wherein said mammal is a human.

14. A medical device comprising the peptide or composition of any of

claims 1 or 2 attached thereto.

20



5. The peptide, conposition or nethod of any of clains 1 to 4, wherein said
peptide is resistant to |yophilization. 6. The peptide, conposition, or

nmet hod ofwarnyioaf7écbkai ns 1 to 5 wherein said peptide is farthmoscepabl e of

i nhi biting aggregation of cells. 7. The nethod of claim3, wherein said
single cell organismis conprised in a biofilm 8. The nethod of claim 3,
wherein said single |1 ot ismis,selected fromthe group . sisting of
a bacteria, a fug%us?ﬁﬁ ‘Berdbctgg DEC A AR IZ‘F (‘:Nﬁlgrggl. tg@. P‘?}%l ér%’iéﬁdgglgf claim s,
wher ei n sai dntfadfrgersaldevigy | ses a yeast. 10. The nmethod of claim 3, wherein
said surface is selected fromthe group consisting of a fabric, a fiber, a
foam a film a concrete, a masonry, a glass, a netal and a plastic. 11.
The met hod of cl &.m Jhewhalical devicai df daiinnidl wibsreim the medispladayice ipan The net hod
of claim 11, i id animal is selected fromthe group consisting of a
fish, an arrﬁﬁtl\%\%?;apﬁ{eglad%g'fgd, areptile and a mammal . 13. The nethod of claim
12, wherein said mammal is a human. 14. A nedi cal device conprising the
peptide or compogy t | U 1fRfnod O r&ling Walel® pheviht & réhuba6iBEth fRGiRhQr 15. The
medi cal device of claim14, wherein the nedical device is an intracorporeal
devi ce. 16. faHiegndds diiFr, dewpdEnbpfredting the pter Wiy amh of fee REIASalo" devi ce i s
an extracor peghgatiodeNd&e. 17. A nethod of treating water to prevent or
reduce biofilmformation or fouling of a filter, conprising treating the
water with any of the peptides, or conpositions herein. 18. A nethod of

pr evemi nghorf{egga!Ci rlgnl%tlﬂ)ﬁi' J)f??)rf:@ﬁﬂ@gtf b@hfbdhéln@b_fdglthd'oﬂmelblumﬁ aC@ﬂ’@l’i Si Rg .
treating the fluid mediumwt ny _of, t eptides, or conpositions herein.
19. The nmet UG MPHERS ctfeéfl%?hﬁﬂﬁlfi TS‘?I“‘%(]@F iar'i‘ys%\fioajet Peg’ggeéd hat er or
fluid medi urbinBoskidRl he@élnt 0 a reverse osnosis filter.

19. The method of either claims 17 or 18, wherein said treated water or

fluid medium is applied to a reverse osmosis filter.
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