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Cationic core-shell peptide nanoparticles Techni cal
Field The present invention relates to cationic
W@ er0esed | peptide nanoparticles. their fornaPCDRG2008/000492
use as antim crobial agents. Background of the
I nvention Brain inflammtory Hi seases such as
meni ngitis and encephalitis are anong the top ten
i nfectious causes of death, which may be caused by
di ff lelr ent ba@atiomicwcoresBallipeptidennanoparticles
Bacillus subtilis or fungi.. H V-inf.ected patients can
easily be infected with le?é’ih'Hﬁ%ﬂ%'S&{ hei P damaged
| MMYRE SYShETRven@BA CRAMI Bacaldaic ane-shell tAptid® Stanoparticles, their
frequently found fungius in nmeningitis. Satratoxin G
fermatrsrad hsetrstaniimierhbiet 28e0th has al so been reported to
cause brain infl ammqat%grgkﬁarbfitngqﬁ\t,é,qﬁ?ﬁan be
severe as it may result ©n hearing | oss, Iearning :
di s@aihiihflaromatorpidiseabasragd. asDespigits amd enpiephalgis are among the top
treatnent, there is hj nortality .an r.bi di :
R ERa et et BhREP et HTRE b e el as Bacillus
abiAExDArA0BL A S bRiAik Ot Glingl BBBY-iffectbd @atiras ban Eadly i infected with
antim crobjial peptides have recently r eg@i ved.

fimge derisi heir dpmasrd HMeRFeSYPEMIsh#d CHIbdmadfraes e most frequently

ol AhbhEHh %ﬂil%lggi idafa@kirC @TR8E BGcHobAys Shbarum has also been

resistant m crob There i1s therefore a need for a _
repeved ¢ wRok wain pAronpspni Beeih avieeiipni ¢aprlos eqyere as it may result in

antim craobial aetivity f . . cati.oni :
oA SF A LGP 1R RSB AL, e i
hiyar fogtalityQjdeaiorsility hecdusw enft thendifficulty it hielivbjieg drgh across the

the present. invention to substantially.at .|east.
blsafttiin yeraer (K6) (hehe BEE MRS SURHETPiBl Dyides have recently
rdc@Medt ineRalifg dattdntish @RPeEtthelk Eﬂa@d-isyiséé&mﬂ @Btivifes entisability of
provi-ded an anphi philic antim crobial substance
comhpiigs Il i-arugyKepisigRb Beropes tihsie wolipietue tlongedcfor iops v form of
' i d f i ) : i ng:.o0t | y .

AP PERIdC B hBRtyed AR RO A B A BT B of cationic
ahtirdicvotdalgleptidothat ecrnamgssshg blabl-drainbiirigat i on. The

cationic oligopeptide {i |,se arginine
residues. It may conpr F@@chéfgggr"g\g%ég It may

conmif isBe bbiebt &ff B pratentainderdtiosi tnaubesitiilest ldast peagialbesatisfy the
between 5 and 35 peptide units in length. It may

abo¥editde a protein transduction domain. The protein

transducti on donai n n@u,{qﬁ,aﬁyt(ﬁrtﬁ"enﬁ{,eﬁﬁgni n. It may
be TAT éYGRKKRRCRRR). It may be coupled to a cationic

ol i Jopeprst depast of phe Thvigatiemdhere is provided an amphiphilic antimicrobial
substance comprising a hydrophobic portion coupled to a cationic oligopeptide portion.
The following options may be used in conjunction with the first aspect, either
individually or in any suitable combination. |
The cationic oligopeptide portion may comprise arginine residues. [t may compﬁse
lysine residues. It may comprise both arginine and lysine residues. It may be between 5
and 35 peptide units in length. It may cornpﬁse a protein transduction domain. The
protein transduction domain may -be a terminal domain. It may be TAT
(YGRKKRRQRRR). It may be coupled to a cationic oligopeptide group. Thus the |
cationic oligopeptide portion may comprise the protein transduction domain coupled to
the cationic oligopeptide group. The cationic oligopeptide group may comprise arginine

groups and/or lysine groups. It may consist of arginine groups. It may consist of lysine
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cationic oligopeptide portion may conprise the protein
transducti on domain coupled to the cationic
w@biogopsspd | de group. The cationic ol i gopepti depQI/eGmO8/000492
may conprise argini ne groups and/or |ysine groups. It
may consi st of arginine group%. It may consi st of
| ysi negroups. It may consi st of |ysine and arginine
groups. It may have from 2 to about 15 |ysine and/or
gangs.nit meayge@sps of llysimagnd ergivinargpowrsbé RaY hpye fgip Beto about 15
pled to the hydrop ObIC r P a
y§H’§c%969°rTﬁlii>§n?% §¥%ué)tsi E | geé(pe éer%r iy n%&aé‘e coupled to the
he@ophitse pbRRdnPb Y hedads bf angﬂtmt iThins dhmaatmmco ubgcq:(d:ptlde group may

the cationic oI|g epti de s in.
Bt B aehon FE e anin s ot 2l Pligeptide eroup,
WhYA RRA 'tlkr‘ncbouf)l'éd @@Yhebfpa@é} ghi gﬁ&@mﬂa@%egﬂeﬁﬁpelyMydmlhc It may
be uncharged. It may be_an unc g](9 ol i gopepti d
bgraougigopeptifigyerbep f k grayl be gnghsaed- 116 radi A aa&neéarg%@hmpepude
[ o glyei |
st SO BIB9S s R 810 A 81 183, consc o
olysmrregﬂmegohemy foe exanoplp bei@d;. hatheleeentithitabe spactthie an olloopeptlde

Ug})lfl%;f t%garyhté& ]1”3@%}8 lt%&y%&%ﬂm@ﬁcﬁg?ﬁé gl‘ﬁ;glygqg S N/_}dd 1tmr1]sg Uﬁglccil%onally or

aBQEAREVeSY D8 s ?aée‘ﬂ Ryl @nddrise 28 Whiné HEib caﬁlpﬁlaﬂi@ @{yhdtivbnat gup, such
ic acid-D and_gl utam c .aci '

(e.g. aspar ), amnpe . . .
ag éargoxylysacnfb(w %sﬁemﬁ;p&rd&yqndg%ls@an% écé 155 é'inﬂfr?e@§ lygipe-K) and
YR SIRAC rRLP LefptAay BE coupled to the

h#]&fg?%lp% ﬂf) (Egorst [ on§{ r%gotg}géhe\;ség?/a&?anct [ onaF rgr%ug. I ﬁ
hsmehMpohtlnamhrsuﬂh@ld:ﬁmeﬂm&l godipgopept i de gr oup is R

and .t he SR r I ' -
r eS|I‘a GeTF s “&888@%}% gie (fwag%ﬁwd‘? Oﬁg%tsoge %Pg{r} |lso%6 %éﬁdf E}Segﬁpacer is Gs,
wihe iR rtemiisl. gl fdine Rstive phbmctedpo rthé bydrophobirepati@4 through its N-
CAQ group. It nmay conprise, or may be. a steroid

IGMHHS: The steroid group may be a chol esteryl group.

't MY SeRRhbSe poflon @Yy BORTI4SH @0 crdupydiaphkeRbsise, or may be, a
pol ymer.” The hygr ophobic pol yner_ may be bi odegr adabl e.
sterpi®rgeoum B ssnid ERED AR B éﬂé@lemersé LBt 818y ccomprise, or may

: c&&g’c(é? %&P Jﬁl'lﬁné;hﬁle @&Bgf‘@dq%%ol@m%p&lﬁ $t 8lo¥kgradable.

group gsent s I n anot her
enbaddi cme rembddementt thei antiot¢rabiak lab@tt@@e ds iGhotshBsEAK . TErein Chol
In either e _enbodi
lpringe 8 G SBER b YO RRRRIAR. 10 anotter
chib6&Inc@s e nAangpabbiat| absahcaredn @m@a{ﬁm‘ eds thher of these
about 700nm The antl m crobi al su nce é?( be in th

I

TP S B PGS G D A HISRES Il Do THBeRFL el | Boagifeons marix as

nﬂ@éﬂ%@%Fh 85icR3\E ndka AR AL BER BN Mou@POHm 100 to
about 700nr% The antim crobi al substance may have a

nmi niTheraniimh¢robiab substanen caayt beati A fown of migRich S nampamcles The
Ao Sty o o

15 riteranmliaobial substanchmaydtave @ mgamast inbrpetorit mcgmtratmn (MIC)

agzlgjlg%tﬁg{)}p g%{eﬁ rolg,g&pﬁ ajfyaﬁaa‘f {#ngéaczljlus %ytzl a‘zc\zla albicans and

Stachybotrys chartarum of less than about 15 micromolar. It may be active against one,
two or all of bacteria, yeast and fungi. It may be active against both bacteria and fungi.
The antimicrobial substance may be capable of crossing the blood-brain barrier.

 In a second aspect of the invention there is provided a process for making an

amphiphilic antimicrobial substance according to the first aspect, said process comprising

coupling a hydrophobic compound to a cationic oligopeptide.
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The anti m crobial substance may be capabl e of crossing
the bl ood-brain barrier. In a second aspect of the

WO noentsson there is provided a process for makP@mS@mos/000492
anphi philic antim crobial substance according to the
first aspect, said process cofprising coupling a
hydr ophobi ¢ conmpound to a cationic oligopeptide. The
foll owi ng options may be used in conjunction with the
secamd faBeeiig, opeiohkhetayi tediised dnalohjnnotion withnthe sa¢dndbdspect, either
.conhi nation. The process may conprise reacting the

i ydep i aB%ﬁ‘BEﬂ%ﬁf’o‘:% PAOHe Nt ermi nus of the

- cat igRi §roebdsORROPEdrEHse! reabtidy @hd Wyetophoel eaptundnwith the N-
sai d cationic oligopeptide. e cationic o]igopeptide ..
terynusonprthe ecasinnignelgapgeiédeolor g pt i HBCLGHAE ETOYRIVE gich cationic

nonent | Co ] y . _

o I QO e A B O A B DA S B spacer
htviag a datsnionlidopepiide gouplceupledta its Caetmainps, sl calihpic oligopeptide

R e o

di s ek $iyasHphbsic 2Bipbiuet Bby Bt a dulbsiranceestar. Wat er so as

to formnanopaiticles or mcelles of the antim crobial . .
subsithgrRrecsss Hie a@@f‘@?ﬁlyﬁfénli’\%ﬂ?o%ﬁi R Pg SIgpersing te| @dimicrobial
sﬁ@sﬁm@@%{‘ wafRb a8 I% ForitYSHOPARBIES of BlielRY IOF AEN&HRENBIObAL substance
ydr ophi

l'ic shell. I'n this case, the process may )
ic op ias. The onguopaticley anaiceHesre edsdr eqyepRiseca dyydrphobic core

into the co s rLic Heofcl el -ating
WP e L DR 6] LaSprdy@oruin
oa#iphinphi thepautid ageats Gitd ahe cutrsdfahe rarmpenictisog miceltehe

first aspect,.said _process conprising coupling. a RN

st i h| RIARBHO MR d° CEPERCE o (HATHS | KF niTHALE o mphiphilic
af@thicPoHiSl LbbEARERIbRiIthg fonthamieéthepectndantipieads doReriingScoupling a

provi ded a_process for making an_anphi philic .
steridatichlospfioanate gpist wribe NAcEBINYS AfR EH1 MO §IPSPtids pect

sai 4, Y 3GRF LRIk G ¥ Zgﬂregidéd Zﬂobxiogeét A enABhHQd difphiphilic

_syn?ﬁe3|se an cationic olidopeptide, said oligopeptide
antmjure s alrgbstana dcgodengtth die finshdspectpanid ProgesPRIT SRS

protei n transduction domai u : he C-t L:QUS: :
PherBior s S Gt sty 3 ShBegRuth SRS SPErph &l il thieopepice
cb@ptikiag Mnt@igapeptiiedinksapsttionthhving @ mbiejo pepidudeon Homain coupled
anot her enbodi nent there is provided a process for
t%ﬁﬁ#ﬁ&”@ﬁ“ﬁﬁbﬁ?ﬁﬂ?? c antimcrobial substance

accLgdhing 10 sthGidhll ChlorFsRest s estl & RROQESE&minus of said cationic
conprising: using a solid state nethod to synthesise _

oligopstidoni ¢ ol i gopepti de, said ol igopeptide conprising
o O AERFR B RO HATAPRY LB PEE S s i
antimicrobial substance according to the first aspect, said process comprising:
using a solid state method to synthesise an cationic oligopeptide, said oligopeptide
comprising an oligopeptide linker portion having a protein transduction domain coupled
to the C-terminus thereof; '
coupling a steroidal chloroformate ester to the N-terminus of said cationic
oligopeptide to form the antimicrobial substance; and }
© forming micelles or nanoparticles of said antimicrobial substance in an aqueous
matrix. |

The invention also provides an amphiphilic antimicrobial substance made by the

process of the second aspect. The amphiliphilic antimicrobial substance may be in the
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coupling a steroidal chloroformate ester to the
N-term nus of said cationic oligopeptide to formthe
wa@niovnrsse@bi al subst ance; and form ng m cel | eSPOTI/SG2008/000492
nanoparticles of said antimcrobial substance in an
aqueous matrix. The invention#al so provides an
anphi philic antim crobial substance nmade by the
process of the second aspect. The anphophilic
feat bfrhatophitiales ubsiceliese eanhycdneprisingt /18y drophafic core surrounded by a

nanoparticles or mcelles, each conprising a_ . .
PRGARGDROBrIE BaRe S0 Gy ha RMPEBI 1 omLiiley meppompis
ohbbSmeRSBerabbiRicGRERS. Of the nanoparticles or micelles

may conprise one or nore therapeutic agents. In .

thi Ao ashedt awect 196 They ERENEM (Tharelsi 8T '&e&legh?d for killing
nﬁggogpgqni‘sﬁ{s Skl 6509588 thie fHor &AM B! dH0arRBeRIbIH substance

sai d “m croorgani sh 0 an antim crobi al substance

aamedingitn thet first 4spedti psto aspuimnicrobial subsancamddgi yr bpipsgcess of the

subgtancg made by the process of the second aspect.

S§H089 RS organi sns nmay be bacteria, yeast or fungus or

may e micRiotidnignOimadiy Haveriaryeakt orofungitesremaiTbe a mixture of any
concentration of the antim crobial substance to which

tWaer 4 ef B§¥gani sns i s exposed may be |ess than about

15 riyer QERdfatioh b f S BnERResH ABAbSafde thehitBtth®ehiefoorganisms is
the third aspect, the m croorgani sns are pat hogens

ekmﬁadamyﬂnlaﬁﬁmﬂaﬂﬂﬂ1iﬁH@ﬁ@@gﬂenbodinents the step of
expqsin Sit e | [ tam k&ni

C D s B RPL S AL 8 PR RD Ot s

phthop s 1beaddinod pathemt. datthesatembodinhdrits thewatapt oft dxposing pnayf comprise
XpQsi ng may conprise allow n he antim crobi

SSABPAR TR SO RSEH R SRl FREPRBbRs v be ocse

P el 98t ofl tHe Qhiel. BNBARMVEBNTLS sefp dffeposihfathyodoniprse allowing the

third aspect, the killing does not conprjse .

apidimigRoelesupsianactie cease the WpeshPiain RaHst Arield Rabethe

pat ifgNied EmBBYnRAE e ud FREDRALS e tHiRRLEREL @E 18lling does not

-condi'tion in a patient. In a fourth aspect of the

compest administeeing ths apiroicreliel subsanse t theapaticnt: &y pY apt be a method

subst ance .accor.di n first aspect, or nade by

forge 8&6§§°8?&g %%§é§%% ?aspect for the manufacture

of annedbesiraspect @f thheinveanntete of parvidedf est iobrani antamicrobial

subj ect, said antim crobial substance bein ffective
STRPUTEE AL AEROL o1 MedPd TRPLCTTBIE PHHB: PHREEHTON g ppect for the

 n@hukRbeetdoR @bdikAgedr firntef tréi@estuby €6t infddtlyn in a subject, said

antim crobi al substance may be in the faorm of
anamopabial wibstenesrbeneeisciiye MEeaMey RS Sridiiptgeron-

hy drHRNARL Ao RS bS Uh TBHRFb e Brallyalr @R Bijtg. shel 1. I
t hi s case, ? e tores . ,
The antimicrobial substance may be in the form of nanoparticles or micelles, each

comprising a hydrophobic core surrounded by a hydrophilic shell. In this case, the cores
of the nanoparticles or micelles may comprise one or more therapeutic agents. The one or
more therapeutic dgents may be effective in treatment of said infection. The medicament
may be suitable for delivery of the one or more therapeutic agents to the Subject.

In a fifth aspect of the invention there is provided use of an antimicrobial substance
according to the first aspect, or made by the process of the second aspect, in therapy.

In a sixth aspect of the invention there is provided a pharmaéeutical composition

comprising an antimicrobial compound according to the first aspect, or made by the
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of the nanoparticles or mcelles nmay conprise one or
nore therapeutic agents. The one or nore therapeutic

wagennsssomy be effective in treatment of said PCT/SG2008/000492

i nfection. The nedi canent may_be suitable for delivery

of the one or nore therapeutlé agents to the subject.

In a fifth aspect of the invention there is provided

use of an antim crobial substance according to the
plfolcesst ofathpectondasprar dogrtharheithransess mofe phamseewisally acceptable

ec int n a sixth aspect of the invention
ca(rﬁ é“?nﬁr@\g{%&é‘g}{’g fiar maceuti cal composition
CONThE Shitk@icsbigaindonifotn® Riagl becianthe tisreh aemodartiglet or thieelles in an
first aspect, or .nmade by the ess of the second

AgSQUE A g HermIGHIIch On@aBRIARGTES GRAY FRREET chllbgrophilic. shell
_ s&?&ﬁgfn@bhehyc({%ﬁﬂo%fcs cofdl I HRNLSIRPENIR! sidll WadNESmpride the cationic

ant 1 m ¢robia ound may be in the form of

oh@ﬂp@ptadet poties. Be hidreptiobis ¢are ameyaereriss thahydrephoftie portion. The
esornanp PRIkl Gvdrophobi

h%gﬁlobécu Koy aﬁ‘§ ylaiﬁ»ols o c ) eO%i%T%%g%é}%?omﬁe ﬁy rophobic

- suleinte MRy bé)l’mlthﬁ@ehhe sub:ttamg cfonlexgnplepem dEtlcpmmrl dlmg, a small

The hobi c _core y _conprise.the hObIC
e i DIRE on g BB B Ry S GBI LE. o

hyd MR BPACeribRBhaMaRere T@ﬁromﬂéﬁ@ﬁ%ﬁhﬁcrsbiblsd@mnﬂ&y the form of

be a therapeutic substance, for exanp Sntlcancer

nghopgrticlessemmiceHss eefupe apRbIBIbE aéltléﬁucr&b Hficgp said substance
C&Xn_gﬁﬁgbg ty‘&r(ﬁﬂ%x@%%drpc ectf /&% %au&h@%héébeﬁﬁde portion, wherein a

ere i's provi an antim crobi al conpound
hydrophidic fshelﬂnozﬁfsaldaxmpamttlpkels @ rorcer:St: edhpses ftheamationic oligopeptide
anpho hj m.cr obi aI tan d.s C
?%4 %gg hf’}%lﬁh%rf:c pgﬁ i 6lrfim iﬁ o&g&ygg%ﬁpglses the

hpdrbgmﬁ@pcbrdanamahpmppmﬁ& ﬂier’apauhgleilhsmlnbé ic shell of
- said nanoparticles_or eI | es C%E‘g%? es the cationic

ol i gopepti de porti grﬁ'ei %F"W:b?'& raviRg%sf said

NanQPalekdriesniydi it A & HgsSpre mpineation Rell hydnepiedited, by way of
portion and a hydrophobi c therapeutic substance. Brief

aDexamplpohlynwith refgeente mvibe ggcommm@r@r@dméwéaq% nt of
t h € FPJ&% § QHuétlI%Ye‘% qgﬁ&ﬁl iﬁéftllde YR g.n&j &grek Q?ﬂeﬁﬁe ‘ﬁ@ﬂo&tﬁcles a.

erence to e accornpanyi ng
sdfeam:tm gﬁﬂwdseslened péfitigey with (l)l dh@éﬁtsm@le@) ightcingn @) arginine and (4)

i d deS| n and_ i nmages of t de particles: a.
TRk Sor e ron ge <pepE Ph b FefRIRES
c h8Im&dr@rzoéhm(s%&ax@lhr)bcelml;on(rﬁi)cr@grr@pmudﬁesaamts §4btilTFAK) abd Candida
and c: scannin

el ectron nic hs of nangparti cl.es.
i B3 SHeRs UAbadi A di BCRRDATR POGIahIe TROPATticles of 13.0
r%@%iﬂolléfsf&%@t %ﬂj)s ét sand) Capglicga, @shiagan®o(Binukef @ and 26.0

ter treat ment ~ of nanopartlc es
1mtrom®l@fm%0mmt<2§r(z°fbéxr 30 (B3), 90 (A3, A4), 100 (B4,

BS) oure g& Agyma@e%td%ge Qé@nd@l{{q}f %@mglﬁ?cca 9{7'1?31 & nafngﬁarggles in

m nut'
.comparison with amphotericin B.

Figure 4 Transport of FITC-loaded nanoparticles across the blood-brain barrier.
Hippocampus brain sections of rats at 4 hours after i.v. injection. A. FITC; B. FITC-
loaded nanoparticles.

Figure 5 shows a plot of [339/1334 ratio as a function of logarithm of peptide
concentration (Log C) in DI water. |

Figure 6 illustrates growth of Bacillus subtilis (A); Candida albicans (B) and

Sta'chybotrys chartarum (C) as a function of incubation time. Incubation of Stachybotrys I
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Figure 3 illustrates dose-dependent of henolytic
activity of nanoparticles in conparison with
w@ppbotssed cin B. Figure 4 Transport of FITC | oBdESG2008/000492
nanoparticles across the bl ood-brain barrier.
Hi ppocanpus brain sections of®rats at 4 hours after
Lv. injection. A FITC B. FITCd oaded nanoparticl es.
Figure 5 shows a plot of 1339/1334 ratio as a function
waf sﬂopgaf att thenl edaripepici phese ongend imctwate(Q Y reydings @used by broth

wat er re6|I growt h of Bacillus
C%@Bf‘?}tﬂop@g ()maégﬁdw‘zﬁ(g%ﬁﬁiaﬁns (B) and Stachybotrys
chamiairem 16 rass @os@lﬂép&ﬂdéﬂt elowith ftstiow of BueWlus subtilis (A, MIC:

| ncubat f Stachybot d
19 géﬁﬂitlﬁgﬁwqoﬁ%g%f '\éng’Qﬁd P8 H:ME 5%’@%@4&%@@1 (C, MIC:
IE@'&zﬁg u?ﬁhéogfyséhcgv MR gt ahk %né}fbgtldl&r Rt cotvettiondldsMfungal agents.

rat es dose-dependent growth
The tncbbzttlomrtlmﬁ of3zach Inbigroosgavisint ves ¢hmsevpased PO itp gagyyth curve (in Fig.

s R bR B oy M St e SRCCBRE™ L 007, o

nan (mi)rarﬁel&:ﬂllﬁ@trz&éﬁid&empmdenngiommtnhﬂbmgxabf Bgellus subTiie (A, MIC:

u tion. ti eac ' s chose
G D) s oisers bl 5 SN AR Pt A%
St Om@&dewmes&z{ies &saldepOaiett PRASI inkidsitibR o€ Beeklufkghile (A, MIC:
8 illustrates dose-dependent growth inhibition of

788¢iN) ansl Gentstiga algicens (BVNEC: 798) oMy thsrpaeseﬁmfé“a»%TAT

al bigg , 2 . f T,

Fi gur%ﬂé {(Flﬂlﬂlgé{tr%tftse@& gmdi e%{;n en%1 p%? owt |Ogrﬁag‘|é{%osr? brilis (A,
MIEC: B4z luMisarsiuBtrididasalpan MBS MIGS . z;mmManuthe@mpm of G3R12.

al bi,cans

7 oiaieot P iiies s binds antaft SRR, oF et s o

- MIC: Bagigl4l ) §1l1tbehdz’zSa lbicdds OB, KAQ. >94M\1M paviplinGae diesknce of G3R6.

| bi t
Fi g'fﬁéx”éll 1155117 0 £ 6 R BA BEIBRR GGk AE PRFITA it in the
féfs%l A Séeﬂ&llﬁﬁt@'(A' SMKGL\ 1d\ﬂ491M? aﬂ&ﬁo%ydgmln@r@d ﬁﬁ@dllde uM) (16

In the presence of
hﬁmg@fe?lcmbatlanust r at es dose dependent gr owt h i nhi b| t| on
of gl | I I C dddl T. Th
B 45 T g2 lpasa g
s;éél:ﬁ-uhmﬂGgMTAﬁ sbmm it® mbcorﬁlcghmelemlasmx@ﬂ MARGYI7-IFORndicating the

TR < S AT TS e

3080 Dadivaati g Ezﬁ@ ﬁiJQﬁ@ng‘eUiruﬁiyl@fheS}bR6MTL hindicating successful
peptide. The tl%)eor etical nolecul ar weight of CGRGTAT

coriYeBII®Pholes{piokh appears in the spectrum of

gﬁ:ﬁg%@g 11 oelleat Hognvay %ﬁé‘c%%féﬂ CEaRkbEaat k) BRETAT in d-DMSO.
The weak and multiple peaks at & 0.7-1.1 (signal a) were from cholesterol. The multiple
peaks at & 6.7-8.5 (signal b) were attributed to the protons from the benzene ring in

tyrosine. These findings further prove successful conjugation of cholesterol onto the

| peptide.

- Detailed Description of the Invention
The present invention relates to cationic core/shell nanoparticles which are self-
assembled from amphiphilic oligopeptide-based molecules that contain a cell-penetrating
peptide. They may be used as antimicrobial agents. They may be capable of crossing the

blood-brain barrier (BBB).
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Figure 14 shows | H NWVR spectra of CGR6TAT and G3R6TAT
in J-DMSO. The weak and nmultiple peaks at d 0.7-1.1
w@ s00gnzds2@) were from chol esterol. The nul ti pl BCPea®8/000492
at d 6.7-8.5 (signal b) were attributed to the protons
fromthe benzene ring in tyrogine. These fi ndi ngs
further prove successful conjugation of cholestero
onto the peptide. Detailed Description of the
| nvahti mnedtm presésst an ranepitiplihic r aitimierobiad Rstapef comprising a

RS FPERSY FOBNEbE BoctBbEo b i BORRAT I e Aborise. or

céhsel dss@andhr af,i mgslﬁgpt hetzopikibéy poatiorbecoupled @s a single cationic
antim_crobi al agents.

b bl f . ' .
okigRPeBlidn@OBICR r BHALT Y t%sgﬂa%% e ertticen p‘§ J¥ittip £3drophobic
ﬁrﬁgﬂ%ﬁ'ﬂ)m {he Ga@iBhik "811@6}9@‘[1613 PR e eyaRpRbbiSipagtich may not be

rophobi ¢ portion coupled to a cationic oligopeptide
rquatted onthin therpdigopentide ipseionod he ohgonsptide BEHPT H1AYyCoHIPrisg a spacer

hrsxk Pg t}?e W&F&g%gcg E(g‘rltlgg 4 cQﬁ‘orﬁ@ ye%]gﬁ.%s tul‘P ttl% n%')t}aﬁigs)élgopepude portion.

oni ¢’ o portion
TB& rspatedr @ap-ts, roldwevedy rluyémphﬂtchdt hyajr opimphses qxomaiyocrpnsist of, an
and B.s.the ¢ tlonlc ol i go tide porti.on
UBRFE5Hh BBEWERBNS i DA RS n%fd%ﬁg'c?réepe ea“%“’t“ﬁ 2y, be capable of
cRk4i8O BRI BH eIt By tHeQR i vel it irﬁf@@ﬁmmﬁ&)d@ﬁrﬁsmmﬁﬂymn
conpri se a spacer | i nki ng the hy dro ortion to
cat il HiecPreaasit gprssfigafiopnac é‘é%%lﬁgc“ & gfgﬁ%fé) degdor amino acids have

bR s ;%ro-gh% S’Qaﬁ LinTBYG D& ol fh Bl RY & Yney ’F @RBphih€ — (b1 histidine —

may conprise y consi st of, an unchar ged
HoTheseprepin ﬁt@ogiaOQEpWthhe ﬁm@agslygledetter?hée%feb@nm@c@lds Any one

Oléﬁ%/)r% g)(aya(grfcgg?r}dgﬂtlﬁ){ lgef%%t?lg é’lralﬁlg%}sﬁ gmu&rﬁ%@tlcg?}s%ﬁ} h\é? in the non-

nfuLSeiccsPi@dgiobticAtidonmer the foll owing single letter
codes for am o aC|gs have been used

gl yél" R &atioe o g%ﬁeﬁp @portign nllvsqq%pnselgrméllnﬁtr%stﬁ%é I¥116y comprise

ofhes tandh €acidsHeaptBRS 8f air6vitiihga6&RINEARE Eravet. Nt t ﬂﬁ@y compnse lysine
standard single letter codes for amino acids.

restdugprié tRayy CqUPIRS e AiBEISt VD ObaMire RRIE (§ek iy BRY ;}ve an’Oligoarginine
re%?aqxléi bi f?%agrpéoﬁl{éﬁ{se L3O BanUne thhd SearapRgiauE 8l 3 ¥5, 4 5 or 6 types of

occurrin soner The cationic ol 1 gop ,
ammﬂimmm'Mnymnnmp@dsemabgmnbheki@gn@uaglmunbﬁﬁgsOrsmnenmybeul

b@)g[g?@ﬁ:}s gongc%]glsg é}?rénlro iny te 8('{;{1%.,8 THE Qgr ngce 8]|1 ff& d%&g% may comprise a

bldck T@%}éaﬁ&’ﬁ@ BingR &idd (@gh@ndllyﬂbe @émamnmm aa:u:ds()i a(lcba@loqktof non-ionic

na%/%acgﬁsggppgl:qlga%?f/é)@l Sglglggﬁ}ﬁr{lﬁg Iad]gls dTheeb]Qck n?i\{lgr(l: S cr ngsngr}o %01ds may

ﬁﬁﬂéﬂ@ﬁ a@f S?Q&e‘? OTQ@chk PR UES) aﬁ%@ﬁmﬂﬁ%a?%e'd@uﬁl’e@@k@cﬂy to the
be 1 n blocks, or some may be in bl ocks. and

hscdmehcmay pbaionof h¢ patisinisciligopTpiédecpartion may oribgBrRept #ned 35 peptide

SBBL SRy FETPELSS Al ol S04 G O 2205495101020
1806120.00§.05, 6 7,8,9, 10,11, 12, 13, 14,15, 16, 17, 18, 19, 70 21, 22, 23, 24, 25, 30
or 35 peptide units in length.

- In certain embodiments of the invention, the cationic oligopeptide portion
comprises a protein transduction domain. This domain may enable the antimicrobial
substance to pass the blood-brain barrier and/or may enhance cell membrane penetration.
This may be beneficial in enabling the use of the antimicrobial substance in treating brain

diseases or in yielding an enhanced antimicrobial activity. The protein transduction

domain may be a transduction domain from a naturally occurring protein. It may be for
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am no acids (optionally the sane am no acid). The
bl ock of non-ionic am no acids may function as a
W@ peme78820rhe bl ock of non-ionic am no aci ds neERCTHEG2008/000492
~coupled directly to the hydroghobic portion. The
cationic oligopeptide portion®may be between 5 and 35
peptide units (i.e. amno acid residues) in length, or
5to 20, 5to 10, 10 to 35, 20 to 35, 10 to 20 or 15
ekn10 Iheq;rgteuﬁtraﬁsduc'z’uorBdorﬁam Iom ik, tr@zqumB)nallapthI@f Tapprotein of

17, 18, 1, 22, 23. 24, .25 30

i s HIY i Gina o Sog iR et 7 gty LA domain is
TIANV EAGRAIKRRORREG! 140N hfalOiedOPERLT denyplos msah iicovhieli seservative
a protein transduction domain. This do q, nablg
SutsNBALS A RO AMOES ABBPREKIS, V580 (HACD 156 qhBlogh, should have

%ﬂfa&' % Q’Egé b eRhABLR @@ldroﬁﬁfmﬂ@%mnﬁ{&@t leBRancing cell
9 beneficial i'n enabllng the use of the
pardtnamm r iiod atot@ublsmdn@mnndqueatmaﬁg beraicell dieaetzasiag dgmain. The
enhance r t:
Pfﬂl?ﬁ( éﬁaﬂsciulcgﬂ% galgxla 0 REY %ﬁaa,lntermmgl %&hﬁh faé;a r#s u%%e 1J8ed at the end
(HRRLY) of tigdminaldaaley lbﬁﬂ‘leyanm}ﬂpl‘nhd: mglmitmtﬁalrsubsltandﬂah the case where

RSB ORI oL eEIer T B L TP PSR e end of the

nfdidules (THERANIATIHRRESS the %@Mr Y bl adtM/I@ 6n penetrbfih@ the BBB than if
transduction domain is T (YGRKKRRQRRR). An anal ogue

Ho?ﬂ?kmmwéynbéoné@mﬂnﬁImﬁﬂ@h conservative substitutions

0 :
o o8 OIS 8545, IPHE LS TBIR0RE i e bcrophabic
poeparts a space0Ssitalge tshareBBBchidd btigomhida cpzwgrs';: élornmonly a cationic

enetration. ei n transducti.on
oggcpgePB STI Rt 1|s Hﬁc%%cﬁ,éiathweerf-ﬁ BFO ?18|t1r:]anf(? 6%18 uc onQSd Fhe spacer.
THe @ti@mﬁ&ﬂlgﬁﬁe}ﬁldee&rﬂhﬁ ahaylesmprise hrotnind tregidues trmd/or lysine and/or
| ocated at the end (terminus) of tge Iecu es. of th
higgik peiduce t%ﬁ‘?l}fﬁﬁ Bieq g etec .1 THPvEHdDEuE g enatue of

i %n%éra BRAVCHI9N SRBhR {5 tﬂ_eo‘-ﬁntlﬁlli@oﬁlﬁlr Rtiddty Bfofhe TAkimicrobial

e Foc t at the end of the nol ecul es. The

| sulmtamcnarhéc grettinoramycian demaint mgprasmepniyiguiento the antimicrobial

E g‘ﬁ%{pneg'ertlcheeofB %FOBIQ "Qf_%dé)s He{wé/é'ﬁrtﬁe L;pa%élt ﬁgi ﬂl@ rE)@otem transduction

pos otei n transducti
ddﬁmz(ﬁi May irfﬂupﬁ&smetconfmyxaﬂnm cfbuhp Iaamntwohlhlesuhwdn@pmmp@laﬂy when

Binhon S speser Sitable Sscers IncL e o gtk
‘agtrl\%u pfh'eﬂeh&ﬁadfetﬂe hehyeeiiug ﬂﬁ @h@hﬁl cbhofopa;b’t&ﬁugrbupmlay be between

domai n and the spacer, The cationic oligopeptide gro
aheyt SconPbYlel BPEIAF Hal .95 Pdads: %wa@/larorﬂg Nee et/ torls 5 0 10, 11,

1h' %t ' 94 £ 1583L Q4 Sn{O 1BRNBbnkadlBPéstidaakis rﬁéﬂredf(ﬁ%ﬁlse a single
{ RS LeEb g Py

oug at the cationic nature the I'i nk er
tmdnfrhmq acidrfe.gi Wumay heoan dlegoargining eaststyicapr Ié@tay\AOErgpﬁéF more than

t bi. al
RSB S35 065 1 A B! SO oy

bk Bt ity nbhiBe B 16 EGC 6r @imcaty baicbigelousl soetewsgnbd g in blocks.

spacer_ and the protein tr .ion domajn _ .
It araYy, dorc 8XRBlEC SPB HFa gﬁ) Qf?( Op(fﬁ{l&?ﬁ Ltr ngfgfzompnse a diblock

oHeBSLARE 6 WRER idn! Bptioha¥&dth, of the amino acid units of the blocks are
cationic. The cationic amino acid residues may be located towards the C terminus of the
oligopeptide group. The oligopeptidé group may for example comprise Rg or Hg or Ke.
The spacer may comprise, or consist of, uncharged or non-ionic peptide residues. It may
be relatively hydrophilic. It may have hydrophilicity intermediate between the

hydrophobic portion and the cationic oligopeptide portion. It may be between 1 and about
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in the formof nanoparticles or mcelles so as to
render the substance nore biologically active. The
wo engbtssed t he spacer plus the cationic ol i gopEQL/BE®08/000492
group may be between about 5 and about 15 peptide
units, or 5to 10, 10 to 15 of? 7 to 11, e.g. 5, 6, 7,
8, 9, 10, 11, 12, 13, 14 or 15 peptide units. The
cationic oligopeptide group may conprise a single type
6Qfepalié DRItAlNG, éleatg)ut Ilttor’ﬁi)b toe6 an 2ofoi 4 peptgieninite long. It may be for
reS|dueé or It é% rise re t han one tﬁg q
STHS ladi 1.4 & 06 0 PEpiide Unjts Ignglt gay SRETIGY. ohkPRFt G glycine units.

TE@?J Arhhal Qtﬁiﬂ%sacfﬂafyf e spz{beph@9|’b§ oDfcifEYn tHd cdBe theterminal glycine
bl ocks, or some may be in blocks ‘and some may be not

rqsflug| roskee banderhg thedry deopdpicepasberp riraughitN praeiRus. 1f present, the
protelgoﬁﬁﬁhﬁ&%n !15 me onmﬁfg’p{) ﬁﬁdé?i ?d t&hggtkonfi)é 'M%Efdd?e&due e.g.

one e amno acid unit
a@ﬁmhhelybhoekhlsadmepﬁtmmh he iemiatsi ofthe catdmo amdnajacid residue.

Tge %%glg&qga %%?%%811{9?2\}%% begbc{ QS@%} f)eBBnc{eldsto Qfle E\]h%rmmus of

twmtretr&gaﬁtrﬂoﬁeo&agf (eHB t@thelB of TAG)spacer may
conprlse or consi st of, gncharged or. non

peptlitgehydaentghicsporfien agy Be 30¥| itRDl| lgfyqli%}ogﬁhﬂrwg such that the
aﬁ% Pﬂﬁ ﬁ ea[l,-‘lac EQBR Ldtﬁ’caﬁ%e is@aﬁﬁ}ﬂ@ 0§ %ﬁlﬁghﬁ\&@l@s {8 aqueous matrix.

portion and the cationic o i gopept i de
Tborltwdmphobllc myoxbmdtvebtv\@e@4 1o i) gbowt 6. epé{@)‘fei fremy i tos40 carbon
{ogﬂs oro 4 gg@f é? ?)O?Cg)(z’aréréé % ?ﬁ’@r ngtt@gf%Ope% 'tc5j@49nti§ to C25 or
Cllﬂhb@abortgna)i }tavﬁayac@l’ﬁp& 9,610 dﬂ d:hnlsm 34, Of, 16g1&d|8né9 20 21,22,

Unl {s, r n f
253 B B Thil Khod: Thet dbntindt Gt ghi T SeURe Hays: 1t may
_b@% kg@ﬂﬁ@ﬁ)oh‘bréﬁﬁ 16y BpREBI LB TE iy Behn@u@ﬁmté@ It may be linear.

N-t érm nus. present, the protein transductl
lidoanba bmyh@e Itbt@a:sdbe cydicaltaary bpbicyahs-1bmazibg PPbVﬁY%RFe It may be

ﬁ Giricf Fhgy }Q{V‘fﬁ aAr oA EreBlonl ¥ 1 Hi€derivRE %tha BQt%raq:(Q,roduct It may

rn1nus of e cationfc amno“acid resid
compribn s mafy Hehe seatid griup, &riexemals &jChcé%ﬂt@M]egfmaE/ Ipgay be coupled

bonded to . N—Iern1nus of -t he_ pr.ot ran
R EUEPES PR Abrn A orRie® Blier s SHERhAR rethane)
hﬂﬁé/gﬁ:bea Q(?lﬁe Sthet @hta@l&%ﬁka@ah@b& hy@ophibis pﬁﬂfnog hmv tdmeprise, or may
anphi phi | i ¢ ant.i.m crobi a ce Is capa
CPERTIg® B SEPRURe AN adlE Jog oRAS T POSTHE TREGPOgiRsgEEable. I

' rrpagr for WafBk he a%o%ﬂaétfﬁe@g P8l }é@tl&é e@o&h@y&g h @lytap@lactone, a

carbon at ons) O.to C20,
peRRoarbonTS®r sOBG therdmgdeggpdaj,)lq go]@gp;r o}"h@gdrp@hc@os poqt;pn may be

CT.}M {g) gr}}g ong Batﬁchig 0]é§ope§§(’ie1g er’tlg)%,s(’)r%g gfa}gb%c%gi%le& g@g ’rri]c)@e thae oee
c3hni8 bligd@ptidd poBibn, 3. B63, 873, 6587 899,010 40 mecxe Bban 10 cationic

o B Sy S BRRE SEP HBH oiSnan o caton

olig ide |pbrtf8ﬁ¥ the shbaebatay bé. re@ydddas@yahn polyﬂnter maglendrlmer It

be bicyclic. be pol ycyclic.
Y] tﬁl’iﬁtth%fomltOfﬁﬁV s,ylpgu SULGYFRs IR Whichthg ﬁg?ropg %90%1811 is in the core

aﬂéf 'EH c”a@loﬁl"c%ﬁb 3k ?@Juoﬂﬁ afdUgkhe dHeliMBY CoONprise, or
e, a st 8r0| oup, for exanple a chol esteryl
gr ou’lfhe ant11mgyb1|gbs®gﬁgpcq;m1ay for.example be CholGsR¢TAT, or CholG:K¢TAT,
or CholG;H¢TAT wherein Chol represents a cholesteryl group coupled to G by a urethane
linkage and TAT represents YGRKKRRQRRR. In some instances, a mixture of

antimicrobial substances, for example the three listed above, may be used.
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to the oligopeptide portion by neans of an am de
i nkage, or a carbamate (urethane) |inkage, or sone
W@e0ve/078820 t abl e | i nkage. The hydr ophobi c por t i RGI/BG3008/000492
conprise, or may consist of, a hydrophobic polymner.
The hydrophobi ¢ pol yner may 0€ bi odegradable. It may
for exanple be a polylactides, a
pol y(l acti de-co-glycolide), a polycaprol actone, a
Eog%@rhabtgmai@bxﬁr s&@fmc@tnh? be liapateg bAdahlieg potelkeor ndieparticles.
ydrophobi c portio e coupled to only one, .
In: pastishiat ToMmagobre ﬁ%@a@g“fa Bb ??fmaﬂa d‘#*‘is ?Fag}a%’é’mg‘&r:ﬁl g pglar (e-g.
ésﬂé'bﬁs)trﬁé’tﬁxo T8e %‘Eﬁh? n ?re@érh&? REALId0@ 2R tThe nicElld. orZnanoparticles
or nore than 10 cationic
malyubgdpemd meongbrq membranp dialysss methedwdidwe $o1veng exangpmticg method
o1 g, Iore c
oL eméle CI?PH ry%@fédr ‘zfé% fr%{]éegleg éf g S?gltrtfcgeg yo%fdrﬂ%on{aﬁgously in the
a@l&ﬂds‘ inegrix. Theyranyayb éorim \mtﬂneutf subrstatiak oregharhed! | action (e g. without
structures in which the hy hObIC ortian |s h hl ey
VIZBFRIS A PLIAR. SYRCHHAN efﬂ) ? i %‘é’ T ol AFEhipglpy daving a
hodie A)ﬂlOle SrtidRtat Bhe ebbedhe Médu%@ﬁi mydfopmhexaermm dizopeptide)
AT, or Chol G 3K6TAT, or_ Cli A G3H6TAT wherein
paon at bisroshsiend. i mandesapabls Pl iivaserading Bdh @P@Owt%mamx In
pﬁﬁl@ﬁlgﬁlﬁ?agb% ﬁ&%&@@u&lﬁ& fnﬁ? hE$SALR i FAHRBRIRRErophSbic portion is

some nces, a mxture of. anti m crobi al substances,
bluded exanfsom thé polahmagix sk thel hadrophilicpegtidreextensd onpyeards from the
h rgg}lxcrbgé %g#t%kla%Uba&rs?t:ﬂglpoFay 9{?1)\0%?1?%‘1' g?éh %t?ﬁ(ﬁ‘ﬁf@% are micelles or
n&paRiceesoThésermaynbe rigaelet @s core- srmahmaamaméles(qr reoge-shell micelles)

pol ar (e.g. aqueous t mat ri x | refe
irh g Eﬁhfhr&PFq fomPHégan% 1¥€§§P1&H|]’1?1a‘%?6%% end) 9 %OéXP“SCS the
h%%Bﬁﬁﬁc QBRI R oPBSTIK ?E&’u@h afieghiseufBdl r@lﬁgnté) Eudhyasaantlcancer drugs
sol vent evaporation method or by an emul’si on net hod

ofT broalivinndedulas aoFibidind Py thecneayPorleds 8 nihs soHt Artestisinje through a
men%a&%%n?%%%uﬁle%dr b thr-glwﬁ/ g?é(ﬂvgﬁr falﬁ‘BHtmethod or through an

mechani cal actio t hout vi gorous
emglsicat methods aThe dadngors @bmgler that theecatiohist @aees P thgnantimicrobial

hi phil e dro rtion 0
slﬂgganﬁgpgcw aée Rgaﬁk}‘a%/c | | | (B %C F¢’onse uenﬁ i g(!g)g% g eql &I’ucture as |
deRFibePibAe Wwhed ﬁfd’i@de BOsk, catibnidRyolys in ﬂibasﬂnlekb @fabked fhem to access
assenbling .in the, appropriate matriXx.

afh 260 BRATHATIROTIRISHY U ERlE PR MBEIFY Eite BRpHingHE el -assembly
dEEblY 95&4%“99'1186 Q%&éo'u? thaktrfceD W & agagMaylider omtdne ag@bas biological

matri X and the orflon ext ends out war ds

ﬂfurdsrfbtohé $njicre @ph)o@tl @tgpro&qure@m fedariaghe peen shad therhellj gpmprises a
pio emqr%n? SH d8£l3ﬁﬂ'lctﬂldg ?55111% e)?ton?egﬁg lu?ﬁleq{ydr h1hc S eP This 1s likely

nanopar regarded as e-she
td afadmahet dcnlnem {wailablerte- fadslbtate mecraiclekl@) o1 narmmhquhe crossing the

Cﬁ gg;lse t he hydrophobic portion and the shel

B%g#rﬁ‘} LRENERFNA S Sphi | i ¢ (cationic ol i gopepti de)

por tieNmickNed apeldhbsaadiclagentis amhlmlaniubeaneeebommgsy have a
or small nol ecul ar anti bigtics nay be

i G ROy G0 BRI 0T BLE A iU dOB It g Q0 to 500,
}33‘39%8{ 260 oA 3O LSRN 06VARODEE, 1230, 58, h8d, 40, 450, 500, 550,
600 630 or 700nm. They may be substantially monodispersed. This diameter will depend
on the precise nature of the substance, mcludmg the size and structure of the hydrophobic
portion and of the hydrophilic portion. They may have a low polydispersity index. The
polydispersity index may be less than about 1, or less than about 0.3, 0.4 or 0.3, or may be

about 0.1 to about 1, or about 0.25to 1, 0.5 to 1, 0.1 to 0.5, O.»l, to 0.3 or 0.2 to 0.4, e.g.
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ermul si on nethod. The inventors consider that the
cationic groups of the antim crobial substance are
wo edoabess2d 0 its antim crobial activity. ConseqRenst3008000492
core-shel |l structure as described above woul d provide
those cationic groups in t he Whel I, enabling themto
access and act upon m croorgani sns. Suitable polar
matrices for inducing the self-assenbly descri bed
aln Ve, 0ridl ade0 aq;&&%ahﬂét,l(b@sOSeO@S Mt @65, G31G.a% 0.8, 0.85,0.9,

ous bi i cal | i
oZBeory. 3Py AR abtnrihat sihls Rl 3P inet Py than sbou
48hs), lSOCIUTB[)loS@SmW pr it B0 tt6 206 d0ab i100y AdoDHION, 8¢ iml 1500|, 80 to 100,
1 ke reside in the hydr oph| i Thi

C. S
Jplt¢<§9>y30(‘€9 ¢faK8 te 1A %FPaWr &R 151 % @Zb%%ﬁ Ft lét f(he’s 40, 45,
581 ££l6bess, o, '79“2?)0%“ O | BSor! erOﬁf\ﬂsﬁ‘legl Gndyse ﬁBﬁlyaﬂﬁf&éﬁ They may

penétrating’ cel Thé m cel I es or nanoparticles of

- heveen bigh ipnsitvodiaage. Subls thatges rovide Anlstansiolestabiigad the pamcles

0 2 il 8301300 R 2ROV OB 209U 1R0 A iy

oft 8cr0br cenigms.alb oy HeORfiva 282in20Me o2 Hire 80Dact@H) yedd@nd fungus. It
450, 500, .550,. 600, 650 or . 700nm. They ma e .
st 3R RDAGHI S HeFabae T Ararar (kPR By grifmeal -

2@t 0 EhaP R GLSRe AAN4E Bradd- pbsﬁﬁvesbﬂ@&trﬁnﬁ @nayl Brcdcticle a@mi'te)ther types
Size and structure of the hydr ophgbj ¢ portion and_of

of meicteptiadishl- I1f engpohavieot MRBIMBYNAERRY eenperation (MIC) against a
te}qg)étyglj %B glt Yesk nt‘ﬂgﬁ( ab-cmle 7@0%1}’(,‘}161%91% S Yesb r{ﬁﬁ'i( ag@\‘{t lP? 10 or 5 -

out 1, | ess than about O. . .
nncrorrmyarber allroti? 0. daouDZQbahwt b tgr”Oaﬂ)@m 70 250 t16 1 tO@ & 5010

“ﬁcrfmoéara%v %302“ “0? g s dég]% 26 13 jz 83?:‘ 19 %‘9 @bggt 19 or 20
nQemolarb5, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95 or 1. They

may have a zeta potentl al of er than. ab ut 30
gr e dihgrantimierobish Fpbsignce spay &g a?%alegé EPSSH e RYpod- ‘biain barrier _

(E@‘EBTt It %det 96 3&9%3164& &r@ssl% tl)&QBBinéﬁ;@ﬁCé%Qt cgﬁg%@o é)r5 9? 8 sufficient

rzgg S@rasgt@ qcblegg, m}ethgl @oseaﬁg‘@y@,{dsgbe tagget mf@roowmss@ in 5153 brain of the
Je t %/Qje cggabh?rﬁf g/é?ll%tragﬁ%ce?ﬁw s sBHWendh&ismay be

arge ve a high positive charge.
Suchmehangha@hxﬂmomtmmcmbhxmmbsuame deszbibed tfy:reolﬁ mige be made by a

PRt Ry AT & BGoRacis e ap e aryordy offddefae.

M Crifer BaRbsiohic b&mﬁ@mdbﬁla§lcddr1\é§pcaﬂaﬂonﬁie ltiynieo;ﬂfobrmp@mon of the
of bacteria, yeast and fu It may
agﬁxppoggl@{des,ubgpnc&gaé Kescribed ﬁﬁ%wbét TRy &ﬂ@lprl%tglg thy%r@@h?blc |pprt1on and

anﬁy)ﬁc@&la@%é\% cEHﬁlg@lth@l‘gﬁ)nEoptllohalTSBBﬂ1rQ&1§a%bhdfe% geadtes twherein the

gram posi‘t bacteri a. may be acti've agai nst ot her
fugqmesalogromv s oaralpknds ma0111t1° raih wmobzenephiinfonexample with the N-

t%é\?ﬁ (tgo l?g%gg% c{ ggr)] agg% &%ﬂ;g‘%t %o@w &If[ ‘éos‘%he oligopeptide
fdﬂaﬁaﬁijbwto i, Ni@rmainuS ofi ar otrgdnmpnd@)r Ténboﬁmmmnab gadigutmay be a
hg@fqﬁr@?%%g?ra?(gCé %))& %eurf,% 153a h%oé%x) é t% ?rog),rmf,ge, ester or a
bidmofbematd 3sted 4o ad B ol a dafbanddie lidagerto 2 dligop&ildleasr it may be an
acid halide (C(=0)X, where X is a halogen), e.g. an acid chloride or acid bromide, so as
to form an amide linkage to the oligopeptide, or it may be some other suitable functional

group 'capablé of reacting with the N-terminus of an oligopeptide so as to couple the

hydrophobic portion to the oligopeptide.
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The anti m crobial substance ma ' be capabl e of
crossing the blood-brain barrier (BBB). It nay be
W@ 2p9a1078820f crossing the BBB in sufficient quaP€T/8§2008/000492
at a sufficient rate, so as to achieve a | ethal dose
towards the target microorganiZsmin the brain of the
subject. It may be capable of penetrating cell walls
so as to enter cells. The anphiphilic antimcrobial -
subsi asnae etdsdifidnex tHeespaden comyprikes anfudetidnal grqupold esay for example

conprisi-ng caoupli.n hydr ophobi ¢ cqnpound to a .
cERPh eI g0 et deie U BRSHAGE: Gotbrgong smpodiments the
hE@HPESRO i duhliembBy dseORB@MEE BOTHe @iidHic tdligopeptide through that
ant1m crobi al substance as described earligr. |t fray "
fustipnal seroupie Thysd Hothsobinetiqrel er@® Bnd ATHANMHE i36kla the hydrophobic
C I thereto. [ | I I onic
oPRRIBEHS, By JETh: GO OB O 5ok P e cainic
oliggepiidgbwindananf el agijseptase glduprrespesiptle. Mithehfunggonal group is

Nt er m nus_of an oligopepti,d 0.a%.: 1 ol
R B REEP & SONToN e Pnd o BRI Bt Tuf ey g corboyie
ai@ drbep,Not gsr i} Bﬁ@l@fbyaﬂezﬁisi gopephiide)r cdibe gfoupatsmealbely. Other
sggq%ghpdg)‘@éyh’lge e?eﬁ_ct?%%];gqg%? eé‘sﬁéfe”; ré%@%éo&mgﬁs{rgplg the cationic
: 095&{&%{@5 HBY SeeRh&ionaf &dawith Gn R RoGRERPIFR IS dtdpRAKBiI@ &roup may

to the oligopeptide, or it may be an acid halide . '
cqrpainCyx alkpingt @roup, svherehyl bgeijo, mavgbe eackd & eMbri bié.3-triazole
18kaaci d bromde, so as to forman amde |inkage to the

ol'i"gopeptide, or it may be sone other suitable :
f undihieocriongr oligopeapdbineayotorrespond rig the tdatiotie oligopeptide portion

N-term nus qf an ol igopeptide so to.couple th .
Ch7HPBAUNEE IhBRTIORTTR TR OEPBRNRRTS 4G N group as is
Nefehagiueent s, the spacer conprises a functional group

It may for exanple conprise _am no acid residues

bearlibigtapnel $aHRERE Bifahy GPRAASIC FHNRHEELO dihERI ITinpeqprBtide may

. ) & ; t g § 1 1 6 . .

FEILEONE OPRNTR T PREBIFL st Eon v cton

otipepebtide tli oma algy ouppiise allaydndexdficient disnediortthe reaction to proceed.
dr gphobi.c._co n V. r ] r ydr Iy,

TSGR RIPRLIIRARS 50, LB . 18 r 2

howans: iy Baalkott deo abowsiBébugt ougbaues peddi Vel )2, 11tb 6t hieo 48, 12 to

fupctional gro i S anjne.gro or_a hydroxyl, ,

485015, 4% Rdo Yl DiTbiTE S ONBBARA rByOusas S 0d! bkt ! 15 18,
28Ccid gIOURs, 89 &S 480LE6RYPITRe binixBANSDfth@rsuBsdqdentOFeaction may,
ester group respectwely. Qther suitable_couplin

indspendenis, herronduted af hegweenabaut § apdabauges &é’ﬁa‘PCgﬂtOH% 20,010 15,

octz's‘.tlig?@i{& 5%%998??%&'% BRY tbgodcuncd i.0n8hiteed, W 3w an1o, 15, 20 or
azi de group and the hydrophobi ¢ group may contain an

241G yTiyd tigreofep, readtimmetnyy tdepertdnon rhs t¢yeperatant vskdi Peapending on the
Rt P SRS NSRS 1B S0 SpPIAEOEPH B cavsn
sdastleithes arildeekrtiaty aminyescanpyridigess aigl tabthglape, i tdpropylamine,
p?fx(')i(riitnle %Pc. rl]’%\e/ Isglgfer?tnsh’c}lﬂd%re%ggab?es of.l éigsolving both the hydrophobic ¢compound
and the cationic oligopeptide. In certain circumstances different solvents may be used for
the cationic oligopeptide and: for the hydrophobic compound. In this case, the different
solvents may be miscible, and the solutions should be mixed in a ratio such that the

resulting solvent mixture is capable of dissolving both the hydrophobic compound and the

 cationic oligopeptide. The hydrophobic compound may be used in a molar excess. It may

be used in a molar excess of about 1.5 to about 20 (where molar excess is defined as the
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N-term nus. The step of coupling the hydrophobic
conmpound to the cationic oligopeptide may conprise
worzoonnes20 sol uti on of the hydrophobi ¢ conpoundP@i/sé20a8/000492
sol ution of the cationic oligopeptide. It may also
conmprise allowing sufficient B5inme for the reaction to
proceed. The sufficient tinme may be at | east about 1
hour, or at |east about 2, 3, 4, 6, 12, 18 or 24
nhobesof aolaseyf bedraplabic tompowidouted4Bvidedirty the mimther of moles of
o ricorcbobSudsedy Posd 5302810 1 48 L3 1G o 820015,
58098hr b 1210.%.6.abddt 1.352, 318, 5,317, 84, 18011,38, 134240[15 4%, 17,18, 19
hours. The n1X|ng)and the subsequent r&ectlon
n

of Rfle Ptk selyenth ot dhe deagtion dakeds &BlBLEPE S RgIvents such as
a t 0 t

dg'pétgﬁ %gtgamﬁfe gﬁgésthglr %IH%Qlde h&a,}[%,th}gt ;gto%%org?ki@ dioxane,

tﬁxahSdrOﬂtrars setclﬁolqusmozl@e mactz@othe Smteentt inpy Weofenovgédt Gopmonly the
r i

r"ﬁé was%tsﬁ p}metﬁggr %lﬁo ﬁgﬁg%t d! ;? %ged chg d%@ol‘i/nt% unreacted

h&@@phcbt@cﬂ c@iﬁpo@ﬁl haset dﬁ;tscﬂhbﬁg&]de aSithicedtid dmmmnd Ipoddmd‘e Suitable

REHERN S S AT SIS TR —

1&%&@%151 Sk tgiﬁsﬁtn%h{wa&%ﬁh theolayeaonbRbt suemmaskdhe molecular
and the cationic oligopeptide. In certain

vesight ofrhe anedust dtheresuetable seitiyasdstin conpyn prses 518y ipdpdq preparative gel
! ;

PSR S ORAEH 45 PIRIAG: 1S, BEABNARL Ccomopaogs of s

nietisels bhay, beandd.t he sol utions shoul d be m xed in a ratl 0

such. that the resultin vent ure a

di sEF&F\HT%“geS%Htan ReCIiS 6%%5‘?13 e i BRR FiitoSlptie. This

nfetbeQOhievad boanrite eyntmtt;e &mrcﬁmmbmm@wnd may be _

used in a nol ar excess. be usednﬁgpa\?ml ar

excéBsPafcuBothe ¢l %‘B@Eﬁpuﬁe 0 e Y dRea@s sofj @ peptide
gtﬁflééf'f%g Pive gﬁ%ﬁr@% WRE AOhES Btfotel‘ﬁﬁﬁl; Cg@&%bl@m@p BReMNd protecting

I vl de he” nunmber of | es of cationic
Goiupgop@pdﬁt @@qqs éfd)nayoproa@dufrom th@ QgernBngyp tedhe Noteprginus of the

gtg%peptl% ﬁ nla%Sus% ogtgle fouéhﬁoom%@bd STﬁLg it ? 69}51&% 35%5& Qeid addition

steg ,of ik, syhthesit fan éIxY:ess](S g. A 5 2€l.eqBiviateats) ef mminoeert:tdstooether with

afggcvg%gg Ir%@tEHte g,CIE?:Q nﬁkg%(gr%glgﬁsaggl-gra a‘l%hi/) ol equivalents) are

eSpdsk@Xb @R rebiax@pBhBYhe PROSRN Ol d6Hcptde BhaX &E’t&ched thereto) Suitable
tetrahydrofuran etc. Follow ng the reaction,

| agiaint  nEPSHEs r enpRdude cOnhemoytatzwelw&gt\mleymltma@losphomum

niashied, Wg&tﬂt %r tgtgp ‘o%g% ‘ﬁ{thﬁﬁttex‘ﬁ%B/aQﬁ%e?gucﬂ' a3 @@tﬁé‘ﬂﬂ@morpbohne

UnT eacte npound but- not di ssol vin
Rantaval of abé aIF meo rm@i@t:t@hgp igovhpe may St tedlisbted seding rttllgd base such as

pb%%ldﬁ%e a'?le glma%/ 5%r|1%e'& rr%lfgrg')-rhe 14%n%1? g}e %Eé(rﬁ{eﬁe@o@temﬁ %stnl? Ylsing acid,
sHENRY @ifleomiatdticeacid) | tegathaarwites ghitabtudilahé sﬂmEH z[svvrlﬁslmpropylsﬂane The
nnlecular wei. ght o the oduct er su
SERATHBHIS I §9PeRk wﬁh g RuEd %Stlﬁéle%@“ﬁrfei} tl\?% a3 hple.
Per MBRt b9 NhATRHIGLANNY cSAFrifr BRAES lof &lidRltng e antimicrobial
some cases conbi nations "of. such
substance in water so as to form nanoparticles or micelles of the antimicrobial substance
in the water. A suitable means for echievitlg this comprises dissolving the antimicrobial
substance in a water miscible solvent and dialysing the resulting solution against water

using a dialysis membrane having a low molecular weight cut-off. Suitable solvents

include dipolar aprotic solvents such as dimethyl formamide, dimethyl sulfoxide,
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nmet hods may be used. The process may al so conprise the

step of making the cationic oligopeptide. This may be
wa@edwmusseh by solid state synthesis or by ot her PRIISG2008/000492

met hods. In particular the cationic oligopeptide may

be made by means of a peptidd4synt hesiser. The nethod

may use an Fnoc protecting group. Other suitable

~protecting groups include t-Boc. It may proceed from
dinftehTadetiniidaisexamethye phbspaorintids didxanbetetbliygopfepi ee. Preferably

It may use _a double coupl.ing nethod.. Thus in a typical .
tharAHE? BGLE TR AT of 2SR BT PREE Sy i BaT e B Ok YRGS purified
whfer 8r oRPMlitaBlyRlre QaAkr VEhEALOff 6f thaMidlsiagiethbiang efidiete less than

wth an activator reagent and a nol ar excess of base

theengleculpoweighDohibe asgumicrabiehsubstanse lewph d&degiplg, e about 500 to

(&3 %00 hay! B gn gy hg idRiechal e atddahethicell
iR 308y E¥cTihnd jR0TT 0 02 1300 IFRE RIS RICS S i MG hicelles or
nfrepanictdsdzod bdenydesaijedrebpier.r ol i di nophosphoni urn o ‘

hexaf | uor ophosphat e. Suitabl e bases ingl ri :

A 108 TSUERT QR RTINS PO R igp R plifalis into the
cREOIHECIeNGar@haiRlcBY: hficdfeb e @had nitsi bg actdmplizheé suaheans of a
~as piperidine. The final formed oligopeptide n%% be
meabarng: Galyeis grathaskor s MsaRsping solue SVeRfERpagmethod or by means of
af Einflty Qagsti ¢ acid, together with a suitable silane

such as triisopropylsilane. The separated ol i gopeptide -:

may Thes o pfdsent ibyensiont 2kt eravidesne mectlfaSOBER qisd suspension of

hpl c... The 0 . Ltiaonal i sp. ) '
e R A B L e
mi&lle® bOrihe naietiar tsobltiea, anayi cehpres ef hy#rephobic substance. The

antim ¢robjal substance in.th ter..A suit e neans..
FGPPER SUPNEIEHTE QBnrHEhdn R eCompbifgegie of thE MiRBRRtictes or
nfAdd el ThO BL@bpRaths sabkighck 'may BatLthefapsaiid bebsedks et this case the
and di al ysing the resulting solution-againg% pﬂter )
migsillag seluéipmioy spepepEp® maYebh 49T JebyFimg B fhgepeutic substance.

THEL {i'éoug lﬁtiaftl% fmav%&tﬁﬁie@i wRkY 68t sdriveh UdevdioPl @ky be Isorne other

aprotic solvents s as di nethyl formam de, dinethy

agudofip xiathex. dn tes hydnacke anialer stloiiamer suppensivosy mepeparddes may be

i oxane, tetr.ahydrofunan.ete.. P Ly e t '
pericy PPN P BT S b Shhcs o e
nfi € RF SElUBISATS | stisfsiohi THesvadubstancesombg forsenangiié yompriee salts for

water, The cut-off of the dialysis ane.nay .b
SRR NG RGPUEG | R G BT i ARFCRAT ay substance, or
nﬁgb% G Bondl tthéfYedieragexanil & Bedaiostnj@RBoh avieb eiet antimicrobial

1500, e.g. about 500, 1000 or 1500. The properties gf
seseancesonl tiagbendaret logher JyPhoh GBRENCE| d8e KagRiifjefpsuch substances

o Ler. gBWi@l SO conprise
a&%%%&%%%%?ﬁ%gﬁggkfggggﬁ%%%%ﬁgﬁgstaﬁ e into the cores,
of tTie aamopastiilckbestace mineel besisedhios kilingbaicroorganisms. Thus

acconplished b aps of. a ra ial ysi : :
SRR SRl chie) e e
affimaRoBiAL BE@AcaBENOE in the form of an aqueous dispersion of nanoparticles or

~ an aqueous micellar solution, as desctibed earlier, or it may be used neat, in solution, as a

cream or lotion or in some other suitable form, depending on the nature of the particular

application. Thus it may be used for a live patient internally, systemically, topically, or

may be used on a surface for disinfection.

In particular the antimicrobial substance may be used internally in a patient for
treating an internal infection. In this case the substance may have low or negligible

toxicity towards the patient. It may have sufficiently low toxicity that a dose of the
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Thus the present invention also provides a mcellar

sol ution or a suspension of nanoparticles of the
W@niovMavsse@bi al substance in an aqueous matri x. PANBG2008/000492

nanoparticles, or mcelles of the mcellar solution,

may conprise a hydrophobic substance. The hydrophobic

substance nmay be | ocated in hydrophobic cores of the

nanoparticles or mcelles. The hydrophobi c substance

armyudn@alai suhstrageabeti is efedivedndieat. Pontrdjos cergdhe frfection is non-toxic,

I
8 @f ?%t?’ig%’; ef}f?y oﬂer Séu P@nlélﬁ)g @@ﬁé{o&e@gﬁﬁ;% élgeSfS\/HC towards the

- tAYB&t! hnfcrbBgamiemp ot i dti thel offeceive alpseleBly iaheuhicibwele sutstanc¢ may be

ma be so th t I n.thi
o g B2 TR H a5V Bt by,

upt?a\f@hd?lg%%t?gm@éuﬁg‘}“été POr (toRhy BB aldhinidief0ntiihaR Ay @f it may be

one or re other substances to the mcellar solutijo

admlmusq@ér@ eamme TS gouighSigariyefihaalioorn erAB! %mbOdlmentS of the -
J [ S r

RRRGL T VR TP ALELD IR SRR RN DB, This ks

tieRy elbodictints pandduldrhesuipé wt freatmgetifinfeotidye ingledbrain of a patient.

conJ ction with t ant i.m bi.al substance :
o atenap ek U Al bl 8 et 05 ARR R Fyerdd il e 2 human,
0§l1‘tb§1ta Be %Sn&ijﬂ&ﬁarwahﬂmdﬂ epeny Bathehmal)atdl raencaanld.lman mammal It
g@l red activity. The antim crabi al subst ance may
g Bird it |na3npE ik old MepYes BTk €8 qﬂaé{"&o? el Psﬁ%*’ a horse, a
(0] {
SBEREL R B A, R0k PHPBLARORLIRY oo il 1y
blera pehdt hay ma effaranaragak émaﬁdb%p@\rl@l arndemagiseisdrningles
Leous | ar &S
o AR AR kDA SRacI00 BRI S o
hh&hb@tic Qictivity &Qﬂiﬁswteﬁelblosdjlcéhbl e thayr havajelpmmdllafsg tban about 30%

t he natur he |cuI ar Ilcatlon -
hagmelyed af §»e%\él¢ et e difee! e %?Wn tﬁ?‘é%ﬁ’?@% 15,10 or
ORI £abd 30085, MRy 208 oused 708, A 45811 ace (f%)haemolysw
di'sinfection. In particular the antl m cr obi a

subsFherrsephiplyilip entysicaolial b Fante,may abwg@ﬁ%bliﬁ off may be suitable
g n S

AL SRR, BOLERRY LSRR kNS AR, WiBophopic cos o

miﬁdlqsa)tr nemipartidiesnefythdantenistpbtal silestanicy. | ow toxicity

t hat ado of theant i

effecti ve {I?ggfescgﬁﬂgrf)?%@ gﬁ%@ﬁ ém %rn&sl S

NON-Th ke Gre fRfre@tenbeaiientd die- ﬂnetdmalmvehﬁom Incdatpato erthole$terol-grafted

may show | ow toxicity at the M C.towards.the tar

CHL T 6 8Pl SBIOI5 (0TS ¢han BRWEKE T8 AFGEEOT bFFG-SpEctim activities for
AP OF ARAiR! inRURSRANESS H@@ﬁd@%oﬁﬁb‘i\ﬁsnh ghéleerol ndif®, three glycine
patient orally, or nay be adm nistered by injection
resdurdersmalspyceri pixr agesuEIsidues 13nd antebarigiRyng mepyderTAT. This
b raqi -
peatlam Xastg rcggg%lqlnﬁ%ﬁé %g?zjheg{rrﬁt?cgﬁ 2 df! glb(§/ 1 alpgtllooln)“M) in de |
1bﬂilzﬁE([DIalwatﬁr(E¢ghrerB)]tasld@:hn tehelyi sﬂ/feassq:mhletlh @queous solutions to form

 Ehepimsare Tl e PHRRB g Hah (& Bl RPAt AHegF Ranopartcies

SdfIRAcAIAnHNRE BB Alerae difrRt iofBBOItIB0VAE bitliz¢ta (p‘oteanal of 92mV.

aetyl s%rc])sv low minimal 1nh1b1t0ry concentrations (MIC) of 10.7, 10.8 and 11.0 pM
against Bacillus subtilis (bacterium), Candida albicans (yeast) and Stachybotrys
chaftc_zrum (fungus) respectively, and display much stronger antimicrobial ébility tflan
cationic peptides With.out cholesterol. The inventors have observed that incubation with

the nanoparticles induced pore formation on the surface of the yeast and rough surface of
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The patient to which the antim crobial substance is

adm ni stered nay be a human, or it may be a non-human
wa@pioaarss2dt may be a mammal, e.g. a non- hunan PEIE&2008/000492

It may be a bird. It may be fISh It may be a

primate, e.g. a dog. a cat, ovv, a horse, a sheep, a
goat, a nouse, a rat or sone other primate. It may be
a donmestic animal. It may be a pet. It may be a farm

theenba¢riurn t Itnalyo trscelemidsddisisiam @b fes bRelaried. Apimag  mipigells. The
ant i m cre bst anc ve i h y

1%%‘??%@ rhgt; Hla\}%pﬁ%oae%gggm 31/1t %Ila&%?ﬂot 5%%3?%30f cell-wall

syhrﬁﬂesbs{ aﬂ@l tﬁ@d b§rﬁ0ﬂ1d Iyeiy ofiaselts.shopartandgs itt van dabroustrB8edsthat the
aenol ysis at the MC t rds, t he

P TBICER HarORiB(es 588 PR A AbO B6ro 8B ifp igggmodel. These

c@ucgnc %@l@ YEseRBied2Pept e, naddpardiBles %Lroﬁde 4, p@miSing 4nBmictobial agent
Y% haenol ysis. The anphiphilic antl ni cr obi al

agamgtbamenfnﬁ;pnbe bi odegradable. It nay be suitable for

del 'ﬂl%rx)ﬁ\ Qr];t % lly gé}togﬁﬁltgﬂctot ﬂ@ré’a‘?ﬁwlérc SsL@RGB0diment described
| ocated in IC cores m cel es or

ha[anoriarrt elenqﬂe ahe tidretisnbf rtﬂnec ratgmlab rsubsétSam: glycm zisidags of the

pﬁat élrrﬁ gﬁ%&&éw@% d{et% 2&% ro oI ncvén%tg"? g used In addition,

afuigine! @sd sdeolre}gatoaﬂte:dhcafsmenmommpt 1nd§ASfU| nabmhfd@d) In certain
Use as an antim crobi al ag eﬂt of broad-spectrum

apRliGaiips. d & BRY PP Bretent B the FAPROYFect i ons. Thi's

pepty JQ%n@éﬁ%r@'d@s%m%e GRRLLSHRAR cdi@lsl%lb’nanbbirﬁ@leg Eéiﬁhﬁ@mbled from
resi dues as a Spacer si X ar g| ni ne resi dues and

ag @hiphgenlet p@gtldng:op@pnngj@ celfWEnetraiing reapus. dad Hﬂgglogstrate that these
n%ﬁldptg}tcil %10%%4 estr%ggcgﬁhﬁl%%db?%l Q%ICSOf '{'ﬁ_ lgvsm-yl imal inhibitory

i oni ze Igure 5), and
cemueneasosy (MED)f efaﬁsaenmio@axrmlmqaxeanscls rbtb\mrl bas th@sef off hydrophilic
cati.oni c..core/shel | ctured na art cl es
CRS BFPAEO VROt s dOFEAB A PEP R S 15 SRS Pl altd incubation
WA heafhrdY&iiele ifdhiRER ke Gimalionton3BRniirats lof 2ied geast, and rough
potential of 92nV. They shqw | ow ni ni i nhi hit
swibRrEa ik 4Scﬁqgelfrmeé)dlwlowf fhe bpgtegugy, f&?&n%)mﬁﬁweégau nst
Baci+ ﬁg@% K!Rlﬁﬂ(l@ﬁ CLRplidims tfapida @RkieARs domain from the
(yeast?s(a t achybotrys éhar% ar u?n( fungus) 1 oma
tnaesm@ubnallealcyvatanEatdplgtﬂllayf thechineary BryBROdSHEICATE Vigks fpe-1 (HIV-

l%éh %} ; h%ggg aL {hOFA% r%?&{asdt&/;tg%&gaﬂér &agh@ﬁhgﬁglfﬁom 36 to 119

Rave ObsBrve i ncubatiron w t
kman@Ranvate| 6s R. ntﬂw;e@l parcerd-Akbatij an HDowey, SSLr Faére vm‘fo protein
the yeast and rau urface ofthe bacteri um
CABE BB IS BRCSIoo 6 DU BRPUMS 5V HG SEence 285, 1369
1@17'5‘(@9:))Sandqﬂﬁnt‘uﬂlt & ackicde RAYRER: BRS osaﬂ@aa@r {Yaloe$l., Stanley,
and cel lead to-inhibition of cell-wa

| | : :
TaJnirfediomeyaRds AdevdsdBt Ve, INAFS G Mimde, K. A. Rapid and effective
14&?8“&”%@& ﬁgsugvaucmgfepfgpls bheded ftﬁds AE7nS quantum dots. Chem.
art es

i crobial nanop rbss the bl ood- brain
Cl!mmmmrer 765)44+3ﬁ4é (2005 podel theThpresent awpikni an  amphiphilic pept1de

PGB RE TE et erbnt G Z0GRTIAG b AR acpyds, TAT. s
arginine residues (Re), three glycme moieties (G3) as spacer and cholesterol (Chol) as the -
hydrophobic block (Fig. la). This peptide can easily form core/shell structured
nanoparticles (i.e. micelles) having a hydrophobic cholesterol core and a hydrophilic
cationic peptide shell with TAT molecules arranged towards the surrounding
environment. The formation bf nanoparticles is expected to increase local density of

positive charges, enhancing antimicrobial properties of the cationic peptide. The presence
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The invention is not limted to the particul ar

preferred enbodi nent descri bed herein. For exanple the
WO 2gois2of the argi ni ne residues or gl yci ne rRGI/SGEHS/000492

of the peptides nay be vari ed and different

hydr ophobi ¢ groups may be uséd. In addition, arginine

may be replaced with lysine (arginine in TAT: not

included). In certain applications, TAT may not be
opTeskERiolécnldshen demuefiesrendte theseeminopartidies capdige of crossing the

herein cationic &Pre/ el | nanoparticles

B&H for shestesanert of cclihi phili c peptide containing

a cel.R, PRIk AAnAksL8 b ?Lhesolfﬂ%ag@ ARSIl &GIGJR%TAtIhﬁ&ﬁ obtained
nan%fartlcles ossess sfrong antimcrobial _activitie

by igeattiogvchelasteml chismfbrmase ;@n@otﬁé avrtgrarnusl G oy P@Ptl‘ikh%an easily
serlﬁ 5@1%5 I 16! 83, q@%gug'% 1on°t}9@{)1m]i PQIH) taﬂ&?e% % rrnly S ORNGLRETAT was
1 oni C pept es W t1on of
dm&nomant B ahlef dimethgl swfisetev@MBRL aridndialyaed @gaumttiﬁ)O mL of de-
the n gxfartl S Is}?rggf%ﬁtgu%) Q{Tgﬁ g?f” é%urg smo edl&lg’SlS membrane
\xﬁ*&caeﬂnﬁreéﬁlﬁldwgiclﬂt SutQEe of 1 om(s@aatﬁpwmspfem mgboratones Inc.). The
mnicells. TAT ( YGRKKRRORRR) pe tide s the protein
ei‘tﬁﬁﬁé eRser ahasaow FeRlp ?‘f?éy i BANGT i 15€i BREFPg AFIgRATHFles were
Qx‘i&ﬁ% f 1 dwBa LERsRedeli GyaAAK MbktUsaftder apability
Y th

er conjugation Wth TAT, proterns wt
(malaiwl Bemowmvgh,t 8] rSaﬁgl Tﬂgenf q:@emuse diasnetaroandrzety SetRRREal Meere 300nm

7

ivestppiRart) R Ber SRR R D R T pppcies wee

sﬁ&étrllck(lan patiehnd had zOsﬁd’lkEssmhanS éBSOrfBE aﬁmlf%ﬁmclﬁlﬁ& aid&iQ 1b).
(1999)). and quantum dots were able ta .cr

( Sa,{{;,c nical pr mqqmongi aﬁre@}; arg empﬁncalﬁoﬁ?%eéw1t%F;mt1b10t1cs of
bfdad- s?f@éigﬁﬂl |ant1§uch)1al VéiidigEs plor & Mednitigyige sBecific ;Bﬂ’@)lodns as any

and effective | abeling of brain tissue_using

dgIAT it Gisplosat eMarESIHRZRE1Y F8A TReRP Y s Th@?@ﬁ? RSPffgmas potential
a&?mhc?&xﬁél AR f&? cg'ég%neﬁg? (ghx?fe&'ic?%%st%ragle t8'kill both bacteria and

IC pept | was constructed,
ﬁolmnt "ﬁlnen Migstdfepeptlits pehettioaic p@tqde ptan@]@artrqiﬁ's were evaluated against

LIPSl TR ek Y. SIS Bhr L] oo

chéit@wun Fungl¥)i STReplaboigartees exbiblipd f bastm amtmb&ha] land antifungal

RN O ABB R e NBLsteFbr LbF aadd Gk bish prp s Subits, Candida
aFALLR %Q SRR SIRysShelharh tdipdAile ADISRE i &S 6 a8 FNIB T AT had a low

towards t he surroundi ng environneént. The fornatlon of
anamipelritli adtivétyi andeitp S e acaiest i Ausflbsswhlibe and detndidayalbfcans was

: .DBQ%i #d"%é’b‘g{] | gr%s e%ﬂbggc(ﬂ% Fnildat ey QRI 2 1nﬂ{e0{%§{dhb§%o TAT (e.

e cat'l presenceof TAT nol ecul es
GgRGTA@) signifaantsy r@imdm MICr(é%@O rad @880t isc /8§ (ddfabBacidis subtilis

BBB f treat f b
O e e e eGP s it
@%%%I&TSM&SHQWMZ REWGRY, adaadst iBagilhhoubskseiyd Candida albicans

chlorofornate onto the N-terniinus of G..T
Vt@éﬁnlé.‘é)slplgber than that of G3R¢TAT (242.0 vs. 7; 0 uM) 8410 POe) Eleﬂ -penetrating

property of TAT must play a role in inhibiting the growth of microbes, and the addition of

" TAT to G3Rs strongly enhanced its antimicrobial activity (MIC: 75.0 vs. > 444.4 uM)

(Fig. 11). However, the MIC of G3;R¢TAT was still much higher than that of the
nanoparticles self-assembled from the amphiphilic peptide (10.7 vs. 75.0 puM). The
~formation of core/shell nanoparticles enhanced the antimicrobial ability of the peptide,

resulting in lower MICs. In addition, the nanoparticles were much more powerful in
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sel f-assenble in an aqueous solution to form

nanoparticles. 10 ng O Chd G3R TAT was dissolved in 3
waorkooef7sseoret hyl sul f oxi de (DMSO), and di al yzedPEmysG:1io8/000492

500 nL of deionized (D) water at roomtenperature

(22C) for 24 hours using a di & ysis nmenbrane with a

nmol ecul ar wei ght cut-off of 1,000 (Spectral/Por 7,

Spectrum Laboratories.Inc.). The external water phase

' inkgilsiting ptcﬂnéadtlmﬁyaﬂzvbwy$chafmeum@]w] th¢ pepventional antifungal agents

RSP, SE 5" S HRLACL LS, YPUTONR, 2218170 v > 540

r@s?é)cﬁhﬂe y) L§Fi§.ZeaPl UdoreBreokihaV @mophktiBled. )Nerél' fEéﬂ;cr superlor to the

fecti've di aneter_ and zetg p@tentlal re. 30@{ éﬂ D biili

C%YWHP%%@p%bIPg}Cﬁ g8 as gentsilhg G apd goxy lilf‘eglplg figjtlus subtilis
a0PfTb &[lxd??g %MErésBQ&Ne |(Fﬂon11)ature and had a

SI e |ess than 150nm afteér sel dry |n9 under_air (
B

Ib) Nexy momhomlcabr@@ngqseof rissilfgi £ubg aaride@gdldﬂealbgcans were
inv Ora,ltec<:iab fé{retaﬁﬁ g‘tgrdl }Bﬁloﬂn&/fﬂ? ltl%ét ﬂaﬁg :ﬂ‘tlcl?g Qﬁth%ng§e %‘i‘ various
%u% Vit RNt ying s

1A Er obT Al es prior peci
ppaddyagfaiise. &t&ﬂ;&d@ic&%sl mbtzheaxhrbimdssnmh canfze (F1g 2A1 and A2).

and. nor Ther ef or e

talit
T GBA P M rCER GBI AGEHTS GG EBn B g biafige mumber of
miRfc818d &R ot anldeeB RleBri§ Grakbbderiatdfieb &@itﬁfelnﬁwﬁﬁ @he nanoparticles
- fun The M Cs of peptides and cationic pepti .
ofy én%praMt §og 198 gmipgtes (E\gal7@a’t @ Adhi st trgatastt yish g}?o?aﬂwémcles of
269 fﬁg{ ﬁ?@btﬂlﬁﬁteg E}CCL% hiomd cel%@‘gﬁsd?ﬂé‘l ”bixff)a%e (f¥@&s{oh of minicells

~and achybotrys artarum (fungus)” The nanoparticles ,
vex hildoi ateervbd i Bant/iub agbréls mtatedn @wtarth@ fatima¢ peptide antibiotic, nisin.

ctiviti and 0.
G aoreras FROhAGet i Betiiel ol g B hineeMee Bacilis
sabraghThotupisse ol dlid AdropartRiRcatd tshel ogll (VB viai gs1-spBeidinctlectrostatic
7). G TAT had .antinm crobi ctivit and [ SIJMIC
i{Erarp aﬁé&rwﬁgeﬁ P Cs RS ﬁ H%a%nb%/fc e mventors
6l BRdh28erf) H’MHFa%@@@I%t'tM@' Gsﬂ;d/\r@cleﬁbrovﬁfédl iAgth8icell wall and

argi nine residues to TAT TAT) significantly
hyéupgered bd@gs2GBI0sBRY 2189raet1% botsicon ik oFatigRs | peAides and

p%.ﬁtti)&oo )lcﬁnsanoq‘ g?t Agﬁ d%dljﬂbl‘f a3 Qe%b\’eﬂéﬁﬁ)mérg | gf SMernating N-

rresence not nere provide positive
acdmlrog&ssamme and Neadety@mofanG8RcRl augihimlsetgeBa@M -linked by short peptide

s{seﬁg?: 'r%'gﬁ@ggdtl*ﬁ% eﬁz‘@l ?flyg 1%?19,21 Hjm & Esn%t%jga’sé I?)? cells. Candida
a8k hrspenaetveat Hﬁ&réﬁt%@@hylo@fcafréﬂanmtﬂgl Hyl & B6).eNumerous pores

inhibiting the growth of cr 05 and ddi thon of ¢
WA at 2RSS 1B gl VIR HERCBITFY b G AP BERSFS alter reatment o
n@ﬁ& i 19 &M.’J(?O uK? f@r 3’@ mu?utéélf‘}?lf} i), tFllgwalfliLv)as efficiently dlsrupted

ver, wasS still much higher than
_anthaxrotoplasthevaramp@ﬁeduaﬂeesl OQemfnﬂé@sbﬁ%lllSédOff therithigion of cell wall

sbxlgtgg%g Q:; arﬁtéageA( 480 ﬁm\f&‘tm {2 Ba e@Myhofrﬁgtoﬁaﬂ's&%%@‘ nto debris

nanopar t'icles erihanc e antrmcro
dabitd bimotm‘ 1yt;1|§ eFlfgebBﬁ)dB; addton td thyg osmohoﬂrwsrs Mc(b@msnrpaused by the

. ltion nop rticles were mu nor OV\BI‘
W%H&r‘i‘l‘mb R HPT PREFSES offor e RaENy BorPYSY CRAPCAfufiroueh the
[hsﬁlk@nféﬁib\‘ﬁﬁtdfod'b@{ ofahishisn@rl roape ﬁfeSel‘EddCdT 8T, destabilizing the
I uconazol e and anphoterl cinB(MC 11.0 nMys. >
ngz_[rxbrgngbﬁg;ed,ogmeoelmopmatlon and/or sinking raft model (Chan, D. L., Prenner, E.
J. & Vogel, H. J. Tryptophan- and arginine-rich antimicrobial peptides: Structures and
mechanisms of action. Biochimica et Biophysica Acta-Biomembranes 1758, 1184-1202

(2006)).
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respectively) (Fig. 7C). Mreover, the nanoparticles
were al so superior to the conventional antibiotics

wa ewb/ozs2peni ci | lin G and doxycycline in Kill iPgI/SG2008/000492
Bacillus subtilis s (MC 11.0 vs. 6720 and 13.5 nM
respectively) (Fig. 12). Nextl? nor phol ogi cal changes
of Bacillus subtilis and Candi da al bi cans were

- investigated before and after incubation with the _
nan®pahér sthds was cbrdiradd dgsEsng bemelysis dnducpé riftgr sncgpation of rat

tine. Untreated Bacil]us subtilis.exhjbite
reéiuﬁg% &¢ ﬁzingt&’ %Oparﬁlaiai\ff‘a anphe k]eélrcpn ? ontr a%ll§B%ﬁé1%% Sppwed low
h&HSIAE eacﬁ@ﬁ?”ﬁ ﬁ)ﬂ?r@iﬁeg‘}(raﬁgtﬂg r(ﬁganﬁ)bagxt aroge u}\gnﬁ&r :’g)f mg/L), a
o ninicells were forned and ce ebris was observed . .
ceiceriratione highenihapi e Yife ]r?éfnélft?é’rtzg hemeSis g% ARerGE with the
. eSylifd AmpadRridind BPAMMedidtb® hMbRAKEBNDOW hambh.is even at
nnaﬁéﬁpgﬁsi z\?&g? o%np%& 0 mvifor 80 minutes Ied to rrgrg 1
caekehtratps iev¢rrhan it9XE§. The formation of minicells was

al sq. opserved i ' bt il it stributi
53 IR Lt 2 SEALAR B e g
of BT Chavigippoiniuk drainsedtians sfitatd was bbsenvedsat diliurs after i.v. injection

' I nst illu subti lis. upt ake  aof e.

of JAbapt 1T Gelorich PO AT T fioh GBS f1ig ChOIGSRATAT

nSlopaiticRSt 05K Gnd B BITRT hhdD 3366 8F EMRI@RTAT! weke\disbhRd in 1 mL of
causing the formation of minicells. The_inventors R :

DaG¥Qi whichtwiast diakysed againgt 0f mie oh Allevatpnforithige days at 10°C using a

d{%ﬁ%&p@a&t \i’vﬁ{'x %%n@l%&)’lbﬂ%@ighﬂc&tlb?f 8?'1!00@@4. TR xf A QRS phase was
1I’ndi ngs/ e he

ectrostatic-interaction between the
repidced Rixctipep Fl B sovtaut wagpi.p toigl we ghtsandfthe effectivgldiameter of FITC-

ich are nmade fram polyner alter L n .
o] PR i e T AR Ly PR D b0 Gl BBB (Fig. 44). In
chritRi@FETCAbaRa-lanbketclby cobedtthp BB deiipeits sumbgiding the nuclei

inhibit _cell wall synthesis, leading to osnotic lysis
obprevgery &2 dBndibys 28PH L ans under went di f f er ent

mor phebagi & (CRANGES dédibiGtra®Blth4(QhSEhphiNHIRRPSIPOREIE ;R TAT
wth a size I'ess than 50 nm were fornmed on the cell

iss@bleate selffaseamble eiatarsatione ¢rapeladl mapprasticles. 1Bhese ppnoparticles

ol ' g icrGhl aBitiesMae€lfd RNk Yn inhibiting
pcc’ilslsgsrsgé))taedIlzg g@lgg%én? o&fég?%uc\gg@ Lél %%,(ygéﬂéeesd a?fer 100 ! nl_ HPTHRS
gfavithitof dothetmatesie (ofant-hesitivehiaid fungn voth lowl MIGweiet induce relatively Jow

synt hesi . J. 4 and B5). At 200,m-nutes,. the 1
hﬁ%ﬁtﬁ'ﬂst noéfdbt?%’l’ czs%yagrtesabger E)q(gols%t%%e géﬂgr]ip\éoﬁﬁléétrh great potential in
oS hrginl iMBcBodsFi 9. 2B6). In addition to the osnmotic -
' ysi's mechani sm caused by the inhibition of cell-wall
syntif@giple t he nanoparticles might perneate through
t@Rl;@asm ¢ nenbrane of both organisns due to the

Peptiet ] TAT, destabilizing the nenbrane based on :

t he GEERRERIFR YGRIKRRARKR (Gl Ag ) rvadst syrbgaired axearing to the 9-
D._L..Prenner, E. J Vi H,.de JIY, PRGN -, A thesi
Aps i ERog Y Nief arost s At LA0PA pehitl synthesizer
(AESNed)i ($.88A pf Tire bémide Bisoaskémbled cet FBoophrgdibfaRink Amide-MBHA

oy gt e rog, a0 0% (2000 ) ATy wrny
rdsite WRALER0dovith 3t equivalents of amino acids, 5 equivalents of activator reagent,
benzotriazol-1-yl-oxytripyrrolidinophosphonium  hexafluorophosphate  (PyBOP, LC
Sciences, U.S.A;) and 10 equivalents of base, N-methylmorpholine (NMM, Merk). The
Fmoc group was removed by gentle agitation in 20% of piperidine (Merk) in
dimethylformamide (DMF, Sigma-Aldrich). After peptide synthesis, cleavage of the

peptides from the resin was carried out with a mixture of trifluoroacetic acid (TFA,
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red blood cells with nanoparticles and anphotericin B.
The nanoparticles showed | ow henolytic activity at | ow
w@oreersse@mt i ons (Fig. 3). At 16.0 nmM (i.e. 50 PgI/8¢2008/000492

concentration higher than the MC, |ess than 20%

hernol ysis was observed with t¥#e nanoparticles, while

anphotericin B nedi ated nore than 90% henol ysi s even

at concentrations lower than its MC To determ ne

NMhIE)t gﬁisoprbgylﬁlwmp(é[ﬁ& ®leds amereatablnea tvolumeotasiotdf§5%&7 5 for 4-6

the distribution of FITC in hippoca ctions

PR T SO PSR PR S PRt by TNl B ifitation in

cEl'dT&;e @1 Eﬂh@p&meﬂl T})pﬂ{et bIQlB@Spe fidel wavasliEdted by filtration and
| oaded”into nanopart i c es. 0.35 ng aof FITC

daﬁdi wdg Hyuen: Gd gslésw%rv@sm'éﬂ peifiqd ugnghigh performance

c%hﬁ%étggr SY/B@? éﬁk’jﬁl‘,gé% BRsiaR 554 \’?QQrs @76‘7fsaﬁble\’\@1ta§£oer a Waters

Fee using-a dialysis bag wt
996) IPwu Haectme(‘{s{hterxzﬁbpp@faftloof U1S.800n0e Gme\’e&@e@ rxaqolumn (10x250

\AB)39}(1 %F ﬁ? sgn t%gr?pcéj’f?de (Q,f It | gae}}on au 601% & HA WRS acetonitrile

c&lltl_ﬁr@aﬁ@% TRAORRT ﬂie&}oﬁﬁna\@srcaﬁftﬁomm ad&aﬁlﬁde F}lfa'E&rMmHy increased

le to crossthe BBB (Fi g. In.c

Fipr e 40 apaRes & Pdiont s CENIHBITBEBE PERY S Ppayacterized

Z%ﬁﬁl%g‘zﬂj 'ré\%rster}ﬁlaﬁ’é"ﬁ?ﬁb 2 IH&HE(%§S'[@E \8er dHBorptibh tiéhization of time-
rr ows In conclusion, it has been denbnstrated that

omegmrfmmplm -TOF) pagssi ectanancéautpAex il5 Bayker Pgltronics) (Fig. 13).
un?sﬁqg \kQ Rubidtd BOLS, 395%/ a%te&lg n§%m&é Eﬁa?;!ys‘?sc‘

es pOSSesse ectrumo
ant I(Ihodiﬁjmil“alT azai; bbiatriedshy Jrafting auheleeifefyl (cﬂllmd)fomlate onto GJR()TAT

AR TS P B BRSSPt

19EADIF PNIF Wik dddiyt h@ded tohenlabe DAE @oht@ingi0 36 pllh@f triethylamine
BBB, providin reat potential. in treatlng b{,
(Fiekaoand $8gng Eﬁﬁﬂ%agf@berp@ Clwith jiirings/s§er 24 howts of reaction, DMF was

SRR SRR T O AT s n 28
"according to the O- ?r%ﬁgnyla&té%\%%lx?\éa%dggﬁsl é?mre was then rinsed
vappdietioh etrst rfgr émeeApe)cs 396epeopt iudreasypdtcheksste chloroformate The

{5@%28 Rﬁ‘é‘ztp‘ﬁ]ai Iﬁlrt%%r Tﬁfelg %H%« rl}\égzssﬁl %ﬁ%ngc&}ﬁgnfggssm days using a

nkénﬂ;ﬁ&qe) with ao%niolmﬁbdr weighe cusofifigfal oty Dlae DAGE pkasn‘gjmen removed by
met hod. Bri ef] resin s react ed th equi Vv
VBRUSHERSRE 851 8 BRI EnIDe Srogst P Srdes eoafg‘gl.@g RGTAT was
ebRIRZ Uy Al D= b F %&ﬂmlmrmab@w@@sl PERNDNARAM 4).

hexaf | uor ophosphate (PyBOP, LC Sciences, U S A) and
Mmlmahmhﬂbﬂ@mceneﬁnmaﬁeh(Ml’IC)qdﬂtwmnatmhm i ne (NVM

?(%/HLP sugm?sc 5}951’29? V@ﬁzc?ﬁﬂﬂ@%@%yﬂ%@ EnAeh LAt KRT'CC) were

pi peri di ne
grown in tryptic soy broth at 37°C, yeast mold broth at 24°C and tryptic soy broth at

26°C, respectively. The MICs of the peptides or peptide nanoparticles were measured -
~using a broth microdilution method. Briefly, 50 uL of peptide and peptide nanoparticle
solutions with a concentration of 7.1 to 142 puM was placed into each well of 96-well
plates. 50 uL of microorganism solution was added to each well to give an optical density
reading of 0.1 to 0.2 at 600 nm. The cell cultures were then incubated for 15, 12/16 and
170 hours for Bacillus subtilis, Candida albicans and Stachybotrys chartarum
respectively, and the MIC was taken at the concentration at which no growfh was
observed. Broth containing cells alone was used as control. The tests were repeated three

times.



25

- 30

di met hyl f ormam de (DMF, Sigma-Aldrich). After peptide

synthesi s, cleavage of the peptides fromthe resin was
w@200p0es$20ut with a mxture of trifluoroaceti cPEEBG2008/000492

(TFA, Merk). triisopropylsilane (TI'S, Merk) and water

in a volunme ratio of 95:2.5: 215 for 4-6 hours. The

sol ution was concentrated by rotary evaporation,

followed by precipitation in cold diethyl ether
SéSingeeledtdhmich)scoph@EMude peptide was col | ected by

s TR RBIOTFS 91 B ERIR G R EY #0) RRABCHTN peore and afe

trERAR LG fdpided bP gticﬁoxﬂb&ﬂogﬁﬂtieﬁs Glera obddreed udk@a field emission
npl e manager, a Waters 996 PDA detector (

sa ter .

SEM (BFQk iJSN-7400) mppraiet 2l ARgedsTy ik Vét@ecs\elﬁa aﬁTfeV- For peptide
1T i £ oo .

n%rgo%?é}%%sgg& &Pl%%ﬁ%dﬁgnmg§&uw' oubRsE dn @f sﬂ%he\gl_%};er, and air

acetonitrile containing O.
dEA3t sooth temepevarien®he evatenvagmooiited caciiminurestiigsand then coated

Vﬁ%ﬁla ual | fi ncreﬁ{?d from5%to 40%in 20 mnutes at a

tF‘él‘f% BEAMP . The peptide was characterized

by amalptick&Rbadi@ye EaavphasethRldge asrdnomtiarddxwals pleptidd or peptide

| aser desorption ionization of ti msgf_- flfilgtf(% . Cell
nIMADTICICFORpTeaY e b r Gbt fugation forPRJe (9T 1 rpieufes. Cells were
watddr %Eg%l%osgﬁttgbuﬁg&d shhife PPBST YorofhrReBhied@nwaded auked in PBS

to be a 5% according to HPLC anal ysi s. .
c@IthiGIng3 B TITmedehydb feri eneddayy The aellp pre figiee grashed with DI water

chlorofo piiate onto . j inus of. Gie :
o6l 5808 BRI EaPal nd el S ' Gl o
delies S@lw@aAnidn-815, ouwfmiBMResas:hs Cowdoyatamad dd St/o) Hindi mefinted onto

DME containing 70 ni of triethylam ne (Fl uk nd, 8

e OO ARG WTE FOUEE PRI iords SEL P G
HefR0 & OfysadMF Was renoved fromthe mxture by purging
dr

y nitrogen gas, and the m xture was then rin it
di eFreph reitrpé blopg cellivere Yases WA b éhfﬁﬁ‘ﬂl@s%ﬁgg ! dked blood
0 j ofi 11 pl d 100
LSRGy FALTIR R RER RBIECHSE- Al ol s o

S
niisifipgpademanopanielever tamphotesicach Isahitige iveps addesd toepeh meﬁ- The plates

1,000 : s thep Y/ ! ifug
e Lo E R e U Pef Mkt flnd contrifuged
aﬂlb(lﬁ@g%d%(i Ainvu@s. glifetenceed hi) MAlsDberintawere lrbnisfRed to 96-well

anal yses (See Figs. 13 and 14). i mal inhibitor .
ofiihe B PP GO RIS dRE P RIE aho 7o BRI T PUsib ki rgader (Bio-
Teandhdauaihl CRES PhEnBlachy Behby sk Gharckruliped( AT ) he following

were grown in tryptic soy broth at 37C, yeast nold )
foroties denpAdgsiandox erKQdX-smyn broths rngesgisle solution-0.D.s76m 1n

Pnﬁagygé%.i vel y.o. e MR- Rjo L B pPep! iian@s)moeept i de

part1°¥ es were neasured using a bro
Imvippadidiast i on” met hod. Briefly, 50 nL of peptide and

peptj de nanoparticl.e sol utions W th e ' :

7. g /%lg pi%fgﬂl%F \}\%\??lep% @8’&“2,‘1% ST éa%%ro%éc} ﬁ}c) glge @gb\i‘lfe%(?ﬂ@éonmnttee
aRd @tﬁﬁsnﬁ&ﬁ adBordihg 0 ﬂ{eoguigah%es g:etsfdrnht inothe mmamglestimas of Health
each we to give an_optica ensj t adj.ng. o -t .
D & IBOBARAOTS RARPORTY AOSe BITRE e RBubat 8403, revised
1696). k9 adidf s @36 g in weight) of 10 weeks old were injected with pure FITC or

FITC-loaded nanoparticle solution via tail vein. Animals were sacrificed at 4 h post-

injection. They were perfused with Ringer's solution, followed by 4% paraformaldehyde
(pH 7.4). Following the perﬁlsion, the brains were removed and kept in a similar fixative for
2 h. They were then kept in 0.1M phosphate buffer containing 20% sucrose overnight at

4°C. Frozen coronal sections of the cerebrum of 30 um thickness were cut and rinsed in



170 hours for Bacillus subtilis, Candida al bicans and
St achybotig s chartarumrespectively, and the M C was
W0 a00e/078820 t he concentration at which no gr owt hP@ESG2008/000492
observed. Broth containing cells alone was used as
control. The tests were repeé?ed three tinmes. Scanni ng
el ectron m croscopy (SEM. The norphol ogi es of the
peptide nanoparticles and m croorganisns before and
PaStveith 4 tgattaenid motiedepslidiesTter sppeiptcnd everapiznsaretivothes confocal
wer e obZ gyed iqg_aTgiﬁfﬂ em ssion SEM (JEOL JSM
norgBAepe § Ve d ' HVIgH 9P%r ating voltage of 5.0 keV.
For peptide nanoparticles, 20 nL of the nanoparticle
solution was placed on a silicon wafer, and airdried
at room tenperature. The wafer was nounted on al um num
stud, and then coated with platinumfor visualization.
The m croorgani snms grown in broth alone or incubated
with peptides or peptide nanoaprticles were harvested
by centrifugation at 25003 for 10 m nutes. Cells were
washed with phosphate-buffered saline (PBS) for three
times and then fixed in PBS containing 5% fornmadehyde
for one day. The cells were further washed with DI
wat er before bei ng dehydrated using a series of
et hanol washes and dried in a critical point dryer
(Aut osandri - 815, Tousim s Research Corporation
U S.A) and nounted onto al um num stubs. The sanpl es
were coated with platinumprior to SEM anal yses.
Henol ysis assays . Fresh rat red blood cells were
washed with PBS for three tinmes. 100 nL of red bl ood
cells suspended in PBS (4% in volune) was placed in
each well of 96-well plates and 100 niL of peptide
nanoparticle or anphotericin B solution was added to
each well. The plates were incubated for one hour at
37C. The cell suspensions were taken out and
centrifuged at 1000y for 5 mnutes. Aliquots (100 niL)
of supernatant were transferred to 96-well plates, and
henogl obi n rel ease was nonitored at 576 run using a
m cropl ate reader (Bio- Teck Instrunents, Inc).
Percent age of henolysis was cal cul ated using the
followng fornmula: Henolysis (%9 = [(O. D. 576nmin the
nanoparticle solution-O D. 576nmin PBS)/ (O D. 576nm
in 0.1% Triton X-100 - O D. 576nmin PBS)Jx 100. In
vivo studies. Al procedures involving animls were
approved by the DSO | ACUC conm ttee and perforned
according to the guidelines set forth in the Nationa
Institutes of Health Guide for the Care and Use of
Laboratory Animals (N H Publications NO 85-23,
revi sed
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1996). SD adult rats (250 g in weight) of 10 weeks old
were injected with pure FITC or FI TC | oaded

wmma0vepz8eseo cl e solution via tail vein. Aninmals RET/8G2008/000492

-sacrificed at 4 h postinjecti An. They were perfused
with Ringer's solution, folloved by 4%

par af or mal dehyde (pH 7.4). Foll ow ng the perfusion,
the brains were renoved and kept in a simlar fixative
f or (aims:They were then kept in 0.1M phosphate buffer

contai ni W cro [_Ri

oo one AR SRR BB B ELEP ELpBRAREl porin
cQliped ﬂo%@@ﬁohfd%@opﬂﬂhe@oﬂf@ost at and nounted on

sli des The spemg}glns wer e obfs rved with.a confoca

m cPoscdpe Jemyrptial FIRIARCE Y ) VEF e ffatl%ﬁc oligopeptide

ﬁﬂgﬁlceﬁbhbé?s ARhinrediokisahd ey bsiRneadeapri sing a
rop bic portion coupled to a catlonlc ollg%ﬁ;epu

por t-’l onThe antimicrabiel sitestaisear! slabst hifgeclaim & ejn the cationic
h@e M’{%ofr‘ Bk d?%é@?@g&;ﬂdg &nROLH lbﬁ’cpthcon'pr i ses

|ne resi dues an iI'ne residues.
ant |4m ciTab Mmsmmalaaubsianﬁe co:ﬂ alymnk erclfnmallnﬁoza wheneeri the cationic
he calonlc ollgg t ort Sy ativveenSand 35
tﬂ%?ﬁePH PR SPHPH ﬁ&tﬂﬁo ¢ ralxﬁgu Al T Erobi al
subst angge aintigiiyrobAE sQBst@ﬂoal 0B chirh04 3vhdieineihn prloein transductlon
cationic oligopeptide portion conprises a protein
domaksig aderrortl 48W8Im. 5. The antim crobi al substance of

cl aigm 4'[%%%'[1{?01‘091%1 Qﬁ@§t§1’1& br angAugt b00]a8AMRI Whdrsindthe protein
term nal domain. 6. The antim crobial substance of

trahsdiuntien dxvrna;thas TrAg (MQ&@QRRQ&RJ&} otein transduction
h t
sug?lt ang@ € gp llg cro ikl e o al) aof Zny43-1?3 ofaav\hlqﬁyrfe:id;gt erein the protein

trRfiuetion dcﬁrﬁdﬂﬁ(ﬂmttupmd tdarationic sllemephédortoupa cati onl c

8: Ia ope &bﬁ crp glétesi-{%ms I m C&og%lﬁglgga bsfﬁ% i ohoopeptide

h?p?ﬁe@irginmenﬁo@s%ﬁﬁ)rd%@hohy@ ne groups. 9. The
an i m crobi al substance of claim8 wherein the

cat i%ni dhe|4ngapepbial sURRASE Wa%la}mﬁ Smweren dhp Gatiaqne oligopeptide
RS (3004 B 4RO 51 A UnANR Sroidfle alfis.ant i i cf obi al

ance of any one clains 7 to 9 wherein the
cat iléni dhelahtmpuephialdwibganegmof @chmzpcpfedmmg % 199 wherein the cationic

SRS SpBE1L D B RIS K (RERM e Bl s

| i nkar gmheumtindc@biadlsugameet bﬁelagmot(p whkPein Tthe linker group is an
anti m crobial substance of any one of clains 7 to 11
oligereBiife €idPcat i oni ¢ ol i gopepti de group is R6 and the

i nk@r gheWRtRerSMal MBSESI LS dnelofficRghs @lty ¢i Reherein the cationic
oglscs)’;)eplijlge group is Re and the linker group is Gs, wherein the terminal glycine residue
is bonded to the hydrophoblc portion through its N-terminus.

13. The antimicrobial substance of any one of claims 1 to 12 Wherem the
hydrophobic portion is a C4 to C40 group or a hydrophobic biodegradable polymer.

14. The antimicrobial substance of any one of claims 1 to 13 wherein the
hydrophobic portion comprises a steroid group. _

15. The antimicrobial substance of cla1m 14 wherein the ster01d group is a

cholesteryl group.
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is bonded to the hydrophobic portion through its

N-term nus. 13. The antim crobi al substance of any one
wobooghzsses 1 to 12 wherein the hydrophobi c pore@DeG2088/600492

C4 to C40 group or a hydrophoblc bi odegr adabl e

pol ymer. 14. The antim crobi &4 substance of any one of

clains 1 to 13 wherein the hydrophobic portion

conprises a steroid group. 15. The antim crobia

-subgbantae ofntihiatolial 4sublsned roft hey sirer of delginoup it & which is

AP SBETY WRSPHE ) RS FERRlE U rRF represens

represents a chol esteryl group and TAT
represents YGRKKRRQRRR. 17. The antimcrobia
subdt’andge @nuawoblﬁ S@lfsw@lc@.q&any o5 95 claggs d WubGt i gubstance

%ﬁh”@t %hﬁsf@%e]"ﬂe !ﬂ'n@f%F nanoparticles. 18.

8 an imcro sta ce of claim1l7 wherein the
m cdi8l eShe anmrawocptaaltsubisters:emé\(cbmm Ifewherdinghe megellg$ or nanoparticles

about 10 t 7 anti m crobi al

h@ﬁﬁ%?ﬁﬂbgag?uﬁﬁgwgﬁgqgﬁto?mn%%aﬁn?o 18, sai d substance

gngjmg &hﬂ)&lﬁtlﬁl@@bﬂﬁg seiatdncofof Bagi ddeust slarhs |1i 8) 18 said substance
ndi da al bi cans a achybotijys c ar, ru es

heViES, b0t S5S EicBeh FociE S B et o ?fgds dfpchybotrys

cﬁmﬂlumﬁl&s% M doBLE L ORiigbmelst ance according to any

one of claims 1 to 19, said process conprisin

c ou P0i ng arqqysj;rf@pmﬁ@m ebrageirhikio aatl@mrp@ﬁ], gubstance according to
519? BF J% ngsel 19 syhee%IBEé%g %§&ﬁﬁ£1ﬁ9 8l ﬁép 1c§@drﬂpound to
r 0] C C 0]

nprises r ound
aW@ﬁ@nthg@k@edm1nus of the cationic ollgopeptlde or

th.a functional group inh the .cationic
R LSS FLRIR b8 Ao e SRR Feacing e
h?iiﬂoﬁ%@tdoﬁﬁ)oﬁﬁmﬂﬂfﬁ gBe a-teHCMAr 8L theo lchgane piligdpeptide or with a
Spacer having a cationic oligopeptide group coupled to

fancgoml ronminghe eatoaccRltgosrRtideol i gopepti de group havi ng
a prot e, tﬂrg&ﬁgt&t 419 DML BreGOUR estidric idligopeptide compnses an

C-termnus . The process of any one of claifms 20 t
uﬁ@xax\g@r ehlgopbh@dd]y}oﬁcelph@bn@ ac@ﬁmmmdhg@eaummrwhed to its C-

tegaaarin%s 8%§Icﬁnoné% ﬁ%?opeiﬁcég & O%B)ﬁ[agfsl%o Ofngl‘féé%g@sdﬁgm%rﬂg&ﬁam coupled

t@niCmbﬁmgb$al substance in water so as to form
2 32&32[@@8! &%{s%ré é\%l%glyl grlse % erl}?nsaqb {‘n 550 hgrlein the hydrophobic
compound is a haloformate ester.

24. The process of any one of claims 20 to 23 additionally comprising the step of
dispersing the antimicrobial substance in water so as to form nanoparticles or micelles of
the antimicrobial substance in the water. '

25. The process of claim 24 wherein the nanoparticles or micelles each comprise
a hydrophobic core surrounded by a hydrophilic shell and the process comprises ‘
incorporating one or more therapeutic agents into the core of the nanoparticles or
micelles.

26. A method for killing niicroorganisms comprising  exposing said
microorganisms to an antimicrobial substancé according to any one of claims 1 to'19.

27. The method of claim 26 wherein the microorganisms are selected from the

group consisting of bacteria, yeast and fungus and mixtures of any two or all of these.



25. The process of claim 24 wherein the nanoparticles

or mcelles each conprise a hydrophobic core
waupomseed by a hydrophilic shell and the proR@ESG2008/000492

conpri ses incorporating one or nore therapeutic agents

into the core of the nanopartlﬁcl es or mcelles. 26. A

met hod for killing m croorgani sns conprising exposing

said mcroorganisns to an anti m crobial substance

acc@gdi Myetmetany amnelanh 24 ai nadaiin G WBereRiy theTkpenmtrlatjdn of the

of clai.m26 wherein. the m croorgani sns are

PUBIHOHE GHOUDCE ISt HE DI GHELBITI SURSEE linfos than about 15
rfibigibtarand nmi xtures of any two or aII of these 28. The

met hod of claim 26 or claim27 where

con@ént MTheimwihed of pey ant PhileimhPalto §l§b‘§1@eaﬁleethF gigFoEganisms are

o IS [ t,
!ﬂg%ﬂﬁo 088&9318 fﬁ?le'ms aﬁ Qﬁ)es @%pacifyé §1n %gllpg??réétadﬂiﬁmtermg said

aﬁ‘&nvdnmailsubtthmermmhqmtlgaml sns are pat hogens | ocated in

e <o B SRR BB B BRI 3 R Rartjg o b o e
pﬂﬁédt QRd the3&ep Oh @xﬁﬁ%ﬁd&%n@‘nséi allswid® thheitirhierdtis substance to cross
ens are located in the brain of the patient and

ﬂﬂ%}éo@,‘g -BRi ParEgholsTahPEGRpr i ses al | owi ng t he
ant iyq cRbiszlay SHRSLEHGS §u%sﬁf19§§cc€)ﬂﬁncbiooﬁﬂf&{eaéﬂklalms 1 to 19 for
barrier of said patient. 31. Use of an antim crobi al
tisubsnafcera of 6r tiedigamentafey thadregfmest At s mfecgionging ysubject, said
f of a r nt of
<SRRI PEEG el B L R or o8 i eah ™
SubSSQan CtRe kaed:mgmgftf) etdimvi whereiresiidrarféctioh is andnfection of the brain
ﬂfec jon. 32. Use according to claim3 1 wherein said
Of e¥PI6h is an infection of the brain of the subject.
Jdsert oRnamtinitehabhd)stsubstandsg &5 a0y dhaef thimay to 19 in
one of claims 1 to 19 in therapy. 34. A phar naceut i cal
tes#Posi ti on conprising an antim crobial conpound
accoydi ng ﬁlﬁrﬁ%’euﬂ@ﬁ Qb gb?h&? éorﬁ;%hs:h% tR0eRglicblal compound
one of nore pharmaceutically acceptabl®e carriers,
adédrdimptts amydbuy oﬁdalanmanlt & 185t0gather mtbrmemmoeelpharmaceutlcally

ition o n the antim crobial
a&%"%’g’ﬁ%%aﬁl%rs %luteﬂé aTnor P%nngénopartl cles or nicelles
l n &y. aq%eoylsarﬁﬁtafmmal 36mpddisophdr ctaeud4 oelierein the antimicrobial
onposj ti.o o I m 35 erein the.nanoparticles or
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by aSGth‘h@p;gHahhﬁce%B@ll' coRiPbsRIE OF clali 85t WRErapetiel ﬁanopartlcles or
agents are present in the cores of the nanoparticle
nweeltdseath eqmprise a hydrophobic core surrounded by a hydrophilic shell and one or

more therapeutic agents are present in the cores of the nanoparticles or micelles.



