1 Cationic core-shell peptide nanoparticles Technical Field The present invention relates to cationic
core-shell peptide nanoparticles, their formation and use as antimicrobial agents. Background of the
Invention  Brain inflammatory diseases such as merjisngitis and encephalitis are among the top ten
infectious causes of death, which may be caused by different bacteria such as Bacillus anthrax and

Bacillus subtilis or fungi. HIV-inf ?W@E@r‘é@ﬁ%ﬂ'?@?ﬁ@étﬁw fnghdue to their damaged
uent

immune systems, and Candicla albicans is the most frec y found funigus in meningitis. Satratoxin
G from Stachybotrys chartarum has also been repefbai@aidiisédbrain inflammation Brain infection can

be severe as it mayfgsultin.hearingjoss -learning disabilityerbiaim daupage Respitscantiniatic

treatment, there is high mortality and morbidity because of the difficulty in delivering drugs across the
blood-brain baferertlB B HREDrEHECHHIRSEREmicrobial peptides have recently received
increasing attention due to their broad-speRgukgasiiviiesfane abiéxdaombating multi-drug resistant

microbes. There isﬁeteforg a need for.a new form of cationjcspaelpéide hqi\x/éﬁ%irprgroved agltimicrobial
e

. e e 3 1
activity, preferably 18 B FRHSHIE BAtiticrobial Sgﬁ?ﬁeufﬁgi Gan Cros: 180 BrAIR barrer.

Object of the Ineimfianious kasster6Bfeeh.of bink preséntomvedtiundidisutstanietly axcheas Baartidly
satisfy the aboye,need, Summary gfithe; Risglogurery ;. lnadirst.asnacttheseis provided 86:m

amphiphilic antimicrobial compound comprising: a protein transduction domain; a cationic o%gopeptide
group coupled @R iestestefimesddTrepr o RarsuLiErsR do AlalR= dpHEaPBToiF LB Brising
uncharged peptiges residuesn saishspacer gioup:heiqy soupledihrbbgisiterertermints taithesbiterminus
of the cationic oligopeptide group;.and a hydrophabic. group coupled to the N terminus of the spacer
arou, said hyFEUHANE G76N DRGSR e HHp R AR BT b botA 16 SAghie o
forming mipellésdﬁr@niawémﬁixabﬂimmnb@an@p@mﬂ;m%%m@dmm@mﬂ% _
antimicrobial SH%%%‘& a%‘?%‘&ﬁ@'%ﬁbﬁg{ aphghic perioncayipied ig agafionic glgapgptide gortion.
y

The following options may be used in conjunction with the above ‘embodiment, eithér ndividually or in
any suitable consbibtsim, barrsier (BBB) to the brain. Cationic antimicrobial peptides have recently

received increasing attention due to their broad-spectrum activities and ability of
combatiﬁg multi-drug resistant microbes. There is therefore a need for 2 new form of
cationic peptide having improv&d antimicrobial activity, preferably a form of catonic
antimicrobial peptide that can cross the blood-brain barrier.
Object of the Invention
It is the object of the present invention to substandally at least pé.rtially satisfy the

above need.

Summary of the Disclosure
In a first aspect, there is provided an amphiphilic antimicrobial compound
comprising: a protein transduction domain; a cationic oligopeptide group coupled through
its C terminus to the protein transduction domain; a spacer group comprising uncharged
peptide residues, said spacer group being coupled through its C terminus to the N
terminus of the cationic oligopeptide group; and a hydrophobic grouy; coupled to the N
terminus of the spacer group, said hydrophdbic group being such that the amphiphilic

antimicrobial compound is capable of forming micelles in an aqueous matrix.

In one embodiment, there 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 above embodiment,

either individually or in any suitable combination.



la  The cationic oligopeptide portion may comprise arginine residues. It may comprise lysine
residues. It may comprise both arainine and lysine residues. It may be between 5 and 35 peptide units
in length. It may comprise a protein transduction domain. The protein transduction domain may be a
terminal domain. It may be TAT (YGRKKRRQRRIZ.). 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 ma)ecoisiBicat e BRHECGPOTHE. TG S) RBHE TSI NAFTES YHSSpS HEHRPEBRSst of
lysine and argigme araups. 1 May have forod e abeutba lysine anddoearginiae growpsedhmay for
example be R6. 1t may be coupled tq the hydrophobic portion by means of .a spacer. Thus.the cationic
oligopeptide @’Pgutffn?ﬁﬁtg&m‘ﬁﬁ ! %eﬁ%l%éirg thaﬁ’s ORGSR SR e Poéf[é’é gg%aﬁ?c g#ﬁopeptide
group, which psamituriremdplathto therspacemdfhespacetermaipde ddatiiely fydraphilies It bfaly be an
oligopeptide RO R naharged, U maybe an unchrged pligppeptide.asouiprihmayebe from 1

to about 10 amino acids long. [t may comprise, or may consist of, glycine residues. It may for example
be 03. In the EAFSRHIUMISPRERIHEPTEUh BRYFPEIIIE Gid dp it A BE RHikeR 487 pRIphdbic group
through its N-4ermimsis c Addiienall eralieriatvelipihe sproenmiy omphisy anapine agldisomprising
a functional group, sugh s, sarboxylic.agid (e, 4, aspande, acid:D and Mutamic adid-E), pming (6.0
lysine-K) and$§}/ %)%? g%t?ﬁl ee.g“’. S nhe-é’). in this event the spa“(cerpgfoup n?’ay be coup &d to the
hydrophobic portion through said functional group.  In some embodiments the cationic oligopeptide
group is R6 and the spacer is 33, wherein the terminal glycine residue is bonded to the hydrophobic
portion through its N-terminus.  The hydrophobic portion may be a 04 to 040 group. It may comprise,
or may be, a steroid-group. The steroid group may be a cholesteryl group. It may comprise, or may
consist of, a hydrophobic polymer. The hydrophobic polymer may be biodegradable.  In another
embodiment the antimicrobial substance is CholG3R6TAT, wherein Choi represents a cholesteryl
group and TAT reputents YGRKKRRQRR.R. In another embodiment the antimicrobial substance is
CholG3K6TAT. In either of these embodiments, the antimicrobial substance may be dispersed in an
agueous matrix as micelles or nanoparticles of mean diameter less that about 700nm.  The
antimicrobial substance may be in the form of micelles or nanoparticles. The micelles or nanoparticles
have a mean diameter of about 100 to about 700nm.  The antimicrobial substance may have a
minimum inhibitory concentration (14E) against any one of, optionally each of, Bacillus subtilis,
Candida albicans and Stachybotrys chartarurn 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. 2a In a second
aspect, there is provided a process for making an amphiphilic antimicrobial compound as defined
above, said process comprising coupling a hydrophobic compound to a species comprising a protein
transduction domain, a cationic oligopeptide group coupled through its C terminus to the protein
transduction domain, and a spacer group comprising uncharged peptide residues, said spacer group
being coupled through its C terminus to the N terminus of the cationic oligopeptide group.



In another embodiment, there is provided a process for making an amphiphilic antimicrobial substance
as defined above, said process comprising couplingza hydrophobic compound to a cationic
oligopeptide. WO 2009/078820PCT/SG2008/000492 3 The following options may be used in
conjunction with the above embodiment, either individually or in any suitable combination. ~ The
process mayzosmprisevenctingshelhysimsphobie Sommgogmuipeititthe N terenirrs f thelzaitiohic
oliaopeptide gryith afunctignal argup-n spid getignic oliagreptidg, Thecatigpic gligopeptide may
comprise an uncharged oligope tide spacer having a cationic oliaopeptide zroup coupled to its
C-terminus, SYRIGHRGHiCRETRDHERIBEE ol haRihera Proteil traAdaRicOVEaBFRERT BOBREW its
C-terminus. Thednédrarhehicsompesnditaaiden halofemate estenithe RIosssSHIaY2gitionally
comprise the step of dispersing the antimicrobial jo substance in water so as tq form nanoparticles or
micelles of t@éﬁiﬁ?&&%ﬁf@ﬁ%@ AR aé%vzl{‘g?. T ﬁaﬁ‘gﬁgﬁiﬁ iyt ?bgf@?{fﬁ%fy 5éang'F"co'mprise
a hydrophobte corelsgrrepnde giopm By drapiiticistieddeithis casepthenpuodesgat aylicomptise _
incorporaling, g of mareherapelis Agenisinin. e sorss i panapaticles o miseliese I

_ i !
another embodiment there is provided a process for making an amp é&%ﬁc 15 antimicrobial Substance

as defined aBbnesEiE PrscdsBredfRprsimpkobbiingia Siereigal ErbreTonrete ie stepligeneridterminus
of a cationic gligapPRRHEE be linlanOthe hembadimentdhsrads e vided:a-nprecessdarmaking:an

amphiphilic antimicroii‘él substance as defined above, saidl:grocess comprising: ‘using a solid

state method t6BERUTESIEE SRR TR TIPS e POl hEEBHIR D B ARAB PRI §RHR A Eh e ptide
linker portiomhaaingalpmte‘m(ﬂgns_s@miomddr@aﬁnctqﬂpﬁa@ic acid-E), amine (e.g. lysine-K) and

hydroxyl group (e.g. serine-S). In this event the spacer group may be coupled to the
hydrophobic portion through said functional group.

In some embodiments the cationic oligopeptide group is Rg and the spacer is Gj,
wherein the terminal glycine residue is bonded to the hydrophobic portion through its N-

 terminus. _

The hydm"phobic_ portion may be a C4 to C40 group. It may comprise, or may be, a
steroid group. The steroid group may be a cholesteryl group. It may comprise, or may
consist of, a hydrophobic polymer. The hydrophobic polymer may be biodegradable.

In another embodiment the antimicrobial substance is CholG3R¢TAT, wherein Chol
represents a cholesteryl group and TAT represents YGRKKRRQRRR. In another
embodiment the antimicrobial substance is ChOIGjKéTAT. In f:ither of these
embodimenﬁs, .the antimicrobial substance may be dispersed in an aqueous matrix as
micelles or nanoparticles of mean diameter less that about 700nm. '

 The antimicrobial substance may be in the form of micelles or nanoparticles. The
micelles or nanoparticles have 2 mean diameter of about 100 fo about 700nm. '
 The antimicrobial substance may have a minimum inhibitory concentration (MIC)
against any one of, optionally each of, Bacillus subiilis, Candida albicans and
Stachybotrys chartarum of less than about 15 micromolar. It may be active against one,
two or all of bacteria, yeast and fung:. It may be active against both bacteria and fungi.

The antimicrobial substance may be capable of crossing the biood-brain barrier.



to the C-terminus thereof; and  coupling a steroidal chloroformate ester to the N-terminus of said
cationic oliaopeptide. In another embodiment there is provided a process for making an
amphiphilic 25 antimicrobial substance as defined above, said process comprising:  using a solid
state method to synthesise an cationic oligope[ﬁiﬂe, said olizopeptide 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 30oliaopeptide to form the antimicrobial
substance; and forming micelles or nanoparticles of said antimicrobial substance in an aqueous
matrix. Thtf dis& osure alsg provides an hiphilic antimicrobial substance made by the process
as defined above. The amp Fg?iiﬁ%%% | |:cr:%€(¥§‘ip§1u%§)tcaeﬁé %Wg@%gﬂ&@hlhc antimicrobial
2009/078820R0T /86200885482 dafdrpraicranoparticles aruplicelle s RREFhoBIBRISHIRG R YSHPhobic
core surounded by a.h %rophili shell. In this.case, the cores of the nanoparticles or micelles may
compriseg one or m restlﬁl rgpgﬁ)t%glgg%% geuchon Iﬁégjﬁ%ﬂ’d %s%‘éﬁ’%é%ﬁ GPOiE e B m&BEfor killing
microortfamisghsits dortpmising éxpbsipysein miosdarganisiom itnanahtimisiohialcapRewnsasdefined
above. uncharged peptide residues, said spacer group being coupled through its C terminus to the N
terminus of the cationic oligopeptide group.

In another embodiment, there is provided a process for making an amphiphilic
antimicrobial substance as defined above, said process comprising coupling a hydrophobic

compound to a cationic oligopeptide.



The microorganisms may be bacteria, yeast or fungus or may be a mixture of any two or all of these.
10The concentration of the antimicrobial substance to which the microorganisms is exposed may be
less than abouyt 15 micromolar.  In some embodiments of the method of the third aspect, the -
microorganisrﬁlsoa%%ﬂ%glﬁ%gens located in a patient. In these embodiments tﬁggféﬁ%ls@%&ing may
comprise administering said antimicrobial substance ta the patient. The pathogens may be located Isin
the brain of the patient. In this event the step of exposing may comprise allowing the antimicrobial
substance to cross the blood-brain barrier of said patient.  In other embodiments of the method of
the third aspect, the Kiinfptloesneotgamprise ddmisdtaringrine chotinvictolbial dubsarte Rl et
It may not be a H]eI oqlfor treatmeghafla con Héi}g@c;n a patient. 20In a fourth aspect, there is provided
use of an antirlﬁllclrvé1 i é’o%ﬁ%ﬁ% S8 Hetined abdve for the manufacture of a medicament for the
treatment of an infecliba ipracsusbjeet; saartmitohial shbstadowbeliny effepuadnwigatmhentof said

infection. The infegtion 'B?yn@@.eﬁimtﬁct&ﬁg%m@rw eﬁa@easq@i@ﬁ&%mfa@ﬂtimigmbiem@étance

may be in the form of nanoparticles or micelles, each comprising a ydrophobic core surrounded by a

hydrophilic SheRLEPHRRSEas Dt CopissCOBIRERISH JPARIERIBRSSMiC HBS TSy L BHYBRSH GRS thore
therapeutic ageptsnfhe-ane R dnesehRiapeuticagenRts imay DaeHectivetidteadinentgbgaiddafection.
The medicament ma)ébe suitable.for del'ver.%' of,the one or more .;Eh%r%Beutic agents to the subject.

)81 ed to 115 .

30In a fifth aspEBI thETeTé BrIVIaEL G5 o an SRR STt compound a8 defined
' The hydrophobic compound may be a haloformate ester. :

The process may additionally comprise the step of dispersing the antimicrobial

j0  substance In xﬁater so as to form nanoparticles or micelles of the antimicrobial substance
in the water. The nanoparticles or micelles may each comprise a hydrophobic core

surrounded by 2 hydrophilic shell. In this case, the process may comprise incorporaiing

one or more therapeutic agents into the cores of the nanoparticles or micelles.
In another embodiment there is provided a process for making an amphiphilic

1s antimicrobial substance as defined above, said process comprising coupling a steroidal
chloroformate ester to the N-terminus of a cationic oligopeptide.
In another embodiment there is provided a process for making an amphiphilic

antimicrobial substance as defined above, said process comprising:
using 2 solid state method to synthesise an cationic oligopeptide, said oligopeptide

20 comprising an oligopeptide Jinker portion having a protein transduction domain coupled
to the C-terminus thereof; and
coupling a steroidal chloroformare - ester to the N-terminus of said cationic
oligopeptide.
In another embodiment there is provided a process for making an amphiphilic
25 antimicrobial substance as defined above, 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 & steroidal chloroformate ester to the N-terminus of said cationic
3o oligopeptide to form the antimicrobial substance; and _
* forming micelles or nanoparticies of said antimicrobial substance in an agueous
matrix, ‘
The disclosure also provides an amphiphilic antimicrobial substance made by the

process as defined above. The amphiphilic antimicrobial substance may be in the



above, in therapy. In a sixth aspect, there is provided a phaimaceutical composition comprising an.
antimicrobial compound as defined above, WO 2009/078820PCT/SG2008/000492 5 together with
.one or more pharmaceutically acceptable carriers, diluents and/or adjuvants.  The antimicrobial
compound mPBEMHEE2orm of nanoparticles or micelles in an aqueous M&FRCFHEMW B es or
nanoparticles may comprise a hydrophilic shell surroupding a hydrophobic core. The hydrophilic shell
may comprise the cationic oligopeptide portion. The hydrophobic core may comprise the hydrophobic
portion. The hydrophobic core may also comprise a hydrophobic substance. The hydrophobic

substance may-pg %ﬁ*ﬁ%@%&%@élé:l?%&ﬁé@%sf%a@%wﬁiﬁi@iﬁi@ﬁﬂﬁ;ﬁﬁﬁpﬁiﬁﬁu@mmﬁbmdbﬂ@ﬂa |

antibiotic or other suitable hydrophagbic therapeutic sybstance. inThus in an.embodiment is
provided an ambiRBHIAN Xilnp% iﬁafﬁetﬁgr?loro n#n@ﬁa%%?gg%% &:%Slcoerllrélslcgrpgsn%%p%éﬁﬁ%?
antimicrobial ssstance:shidasetnstarzeatcomprising a hydrophobic portion coupled to a cationic

 oligopeptide portion, wherein g hydraphilic.shell of said ianonaicles aimisslies sampsisasite

cationic oligopeptide Boration and a hydrophobic core of said nanoparticles or micelles comprises the
13hydrophobicqpoptisimandkadsyt ophd b ehargseisiessih staneetiBitss tis sapmontst the Bidtthgs
A preferred embaodiment of the present invention will now be described, by way of an example only,
with reference to ¥ﬁé_ accompanying drawings wherein:

The microorganisms may be bacteria, yeast or fungus or may be a mixture of any
two or all of these. -

10 The concentratiolnlof the antimicrobial substance to which the microorganisms is
exposed may be less than about 15 micromolaﬁ.

In some embodiments of the method of the third aspect, the microorganisms are
pathogens located in a patient. In these embodiments the step of exposing may comprise
administering said antimicrobial substance to the patient. The pathogens may be located

15 in the brain of the patient. In this event the step of exposing may comprise allowing the
antimicrobial substance to cross the blood-brain barrier of said patient.

In other embodiments of {be method of the third aspect, the killing does not
;:omprise administering the antimicrobial substance to the patient. It may not be a method
for treatment of a condition in a patient.

20 In a fourth aspect, there is provided use of an antimicrobial compound as defined

above for the manufacture of a medicament for the treatment of an infection in a subject,

said antimicrobial substance being effective in treatment of said infection.

The infection may be an infection of the brain of the subject.
25 The antimicrobial substance may be in the form of nanoparticles or micelies, each
comprising a hydrophobic core surrounded by a hydrophilic shell. In this case, the cores
of the nanoparticles or micelles may c:ompris'e one or more therapeutic agents. The one or
more thcrapeutic 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 éubj ect.
30 In a fifth aspect, there is provided use of an antimicrobial compound as defined
above, in therapy.
In a sixth aspect, there is provided a pharmaceutical composition comprising an

" antimicrobial compound as defined above,



Figure 1 illustrates rational peptide design and images of peptide nanoparticles: a. 20schematic of the
designed peptides with (1) cholesterol, (2) glycine, (3) arginine and (4) TAT; b and c: scanning electron
micrographs of nanopanicles. Figure 2 shows scanning electron micrographs of Bacillus subtilis
(A) and Candltig HIBEHAEB) before (Al, A2, 131, 32) and after treatment o R&GFH¥EEISF 13.0
micromolat: for 30 (33), 90 (A3, A4), 100 (34, 35) and 200 minutes (36) and 26.0 25micromolar for 90
minutes (A5); Figure 3 illustrates dose-dependent of hemolytic activity of nanoparticles in
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.

FITC30loaded nanoparticles.  Figure 5 shows a pliot of 1339/1334 ratio ?S a tfsugl%lfgg 041.!10 é’thm of
peptide concelRESHRS THYES 7 BIEREAMaGeRjifalY ARFSRARE GFoWm ST MaMmaS e (A)

Candida albicans (BJlanshStachybeltsnphartromm (€)imdhe fonutiohnefiipetisitiorr timesllecubation of
Stachyhottys '%M&%%%%9?@8%95%@%30&8%%%91g\éa%ééo%%ﬂ)ﬂfgéhﬁ Iggayrithmic phage to

avoid inaccuraté O.D. readings caused by broth evaporation and formation of bulky hyphae. =~ Figure
7 illustrates d.@@%ﬁﬂeﬁt%@ﬁﬂh%ﬁﬁﬁ% JiBadiiroRRiStAl MR $MPEW) e aftid8iGlbicans

(B, MIC: 10.8 yNypagdtashyhetlryrachadtapuanCodd Gidid Qubsitae piegantescolpeptidehe
renopeices s coentond apjured sacni, The Ry beten s gL eschcpoana oo
reached.  substance may be a therapeutic substance, for exampie an anticancer drug, a small
~ molecule antiblotic or o_thﬁ:f suitable hydrophobic therapeutic substance.
10 Thus in an embodiment there is provided an antimicrobial compound in the form of
naﬁopéﬂic]es or micelles of an amphiphilic antimicrobial substance, said substance |
comprising 2 hydrophobic portion coupled to a cationic dligopeptide portion, wherein a
hydrophilic shell of said nanoparticles or micelles comprises the cationic oligopeptide
portion and a hydrophobic core of said nanoparticies or micelles comprises the
15 hydrophobic portion and a hydrophobic therapeutic substance.
| Brief Description of the Drawings
A preferred embodiment of the present invention will now be described, by way of
an example only, with reference to the accompanying drawings wherein:
Figure 1 1Hustrates rational peptide design and images of peptide nanoparticles: a.
2 schematic of the designed peptides with (1) cholesterol, (2) glycing, (3) arginine and (4)
TAT; b and ¢: scanning electron micrographs of nanoparticles.
Figure 2 shows scanning electron micrographs of Bacillus subtilis (A} and Candida
albicans (B) before (Al, A2, Bl, B2) and after treatment of nanoparticles of 13.0
micromolar for 30 (B3), 90 (A3, A4), 100 (B4, B3) and 200 minutes (B6) and 26.0
25 micromolar for 90 minutes (AS);
Figure 3 illustrates dose-dependent of hemolytic activify of nanoparticies in
comparison with amphotericin B. |
Figure 4 Transport of FITC-loaded nanoparticles across the biood-brain barrier.
Hippocampus brain sections of rats at 4 hours after i.v. injection. A. FITC; B. FITC-
30 loaded nanoparticles. |
' - Figure 5 shows a plot of 1339/1334 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

Stachybotrvs chartarum (C) as a function of incubation time. Incubation of Stackhybotrys |



Figure 8 illustrates dose-dependent growth inhibition of Bacillus subtilis (A, MIC: 290.0 ulVI) and
Candida albicans (B, MIC: 289.0 LIM) in the presence of G3TAT. ic)Figure 9 illustrates
dose-dependent growth inhibition of Bacillus subtilis (A, MIC: 75.0 uM) and Candida albicans (B, MIC:
75.0 uM) in tREPHWSEREHf GRAR6TAT.  FigUre 10 illustrates dose-depdifdeHt s Hhibition of
Bacillus subtilis (A, MIC: 242.0 uM) and Candida albigans (B, MIC: 242.0 MM) in the presence of
G3R12. Figure 11 illustrates dose-dependent growth inhibition of Bacillus subtilis (A, 15 NEC: >444.4
MM) and Candida albicans (B, MIC: >444.4 MM) in the presence of 03R6.  Figure 12 illustrates
dose-dependemgs@yiadnhibitioscaf Bact v bilis tidthepresencelnf padicilinaGs ¢4 b Eh074 MM)
and doxycyclin‘egj%B, M1C: 13.5 MM) (16,hour of}ilhcubation). Figure 13 shows MALDI-TOF mass
spectra of G3RETATIR SETRTC %Sn ysopea%trum of G3BR6TAT shows its theoretical molecular
weight at 2667 Da, Figivatihijltse decdessfispsyacne sis wihtfehifepoielof Pheive orétidal(moMEuiar weight

of CG3R6TAT, was 308¢-DaywhighiapRearsin e speatiyin ot AR A Tindisatingsuagessful
conjugation of cholesterol. Figure 14 shows 1H-NMR spectra of CG3R6TAT and G3R6TAT in

d-DMSO. 25 Thé wiHKABeRTEHepRaREHAS BARoPa {Eithalh NI HE ARORSEALPEFRE multiple

peaks at 8 6.718bifsigadabhivers’ atitibuiechtocthesprotanshiram theden feeotinl dortyr ik These

findings furtherbp;[ov successt{I conéu atiggeosftaqhole tef%'s é)n%% ;hgcggcgtide. Detailed Description of
S

. cubalion was stoppe € 1ondary.ph . .
the Invention 30THe preser‘ﬁ’ VERtion relates to cationic core eﬁ nanoparticles which are self-

Figure 8 illustrates dose-dependent growth inhibition of Bacillus subtilis (A, MIC:
290.0 uM) and Candida albicans (B, MIC: 289.0 uM) in the presence of G3TAT.
10 Figure 9 illustrates dose—dependént growth inhibition of Bacillus subtilis (A, MIC:
75.0 uM) and Candida albicans (B, MIC: ‘75.0 uM) in the presence of G3R6TAT.
) Figure 10 illustrates dose-dependent growth inhi.bition of Bacillus subtilis (A,
MIC: 242.0 uM) and Candida albicans (B, MIC: 242.0 uM) in the presence of G3R12.
Figure 11 illustrates dose-dependent growth inhibition of Bacillus subtilis (A,
15 . MIC: > 444 .4 uM) and Candida albicans (B, MIC: > 444.4 uM) in the presence of G3R6.
Figure 12 illustrates dose~dependent growth inhibition of Bacillus subtilis in the
presence of peniciilin G (A, MIC: 1074 uM) and doxycycline (B, MIC: 13.53 uM) (16
hours of incubation).
Figure 13 shows MALDI-TOF mass spectra of G3R6TAT and CG3R6TAT. The
20 spectrum of G3R6TAT shows its theoretical molecular weight at 2667 Da, indicating the
successful synthesis of the peptide. The theoretical molecular weight of CG3R6TAT was
3080 Da, which appears in the spectrum of CG3R6TAT, indicating successful
conjugation of cholesterol.
Figure 14 shows 1H-NMR spectra of CG3R6TAT and G3R6TAT in d-DMSO.
25 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
30 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). '



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). WO 2009/078820PCT/SG2008/000492 The invention provides an amphiphilic
antimicrobial Q38488 ¥bmprising a hydrophobic portion coupled to a caffoRitGBHFEHEtde portion. It
may comprise, or consist essentially of, a single hydrpphobic portion coupled to a single cationic
oliaopeptide portion. Thus it may have structure A-B, wherein A is the hydrophobic 5 portion and B is
the cationic oligopeptide portion. The hydrophobic portion may not be repeated within the olieopeptide
portion. The oligopepiidenpertion mayidemphisaabpaies likingctobikly dnbslaotic @onporsitg cationic
residues in the cationic.oligopeptide portion. The.spacey. ma relatively hydr % oy '
comprise, or & (ng?gi& gﬂ%%guﬁ% af%é}te% &iﬁ%ﬁ%%ﬁd%ﬂgﬁ uB%e%)%%g# }@ilﬁir%ggr %%%%%Eg%(rce may
be capable ofdmsissisgntinbyBBS. # maglbd néthrbedeinsriifectiorwieicrdodaiisits fi%ebkain - In

the present 5%?@%9&%&1%@%{9&'.0%%9 single letter aades-fonaminaacids havarherpausgdstiyrosine -
Y; glycine - G; arginine - R; lysine - K; alutamine - Q; histidine - H. These are in.accordancgowith the
standard éing[@T@ﬁéraééc%ésfé?ea?ﬁfﬁﬁlﬁtﬁag?’m%g%‘i‘?ﬁo@WW& SrfEREY) BEiRh& naturally
occurring optiegldgemeithinththeliropepsdaparabiy. hetisting reptidalrisomemay Jdrepcationipwsiaopeptide
portion may comprise, areining residuss, |t may, samerise,qther apingacids canablgoRraiding
cationic character. #t may con?prlse I?/sme residues. It may comprise a single fype of amino acid (e.qg. it
may be an oligbaraivites resids) tratinedy bpdnpmsEomBreRarroNEr§heost BAYne Atk 8fg2, 3,4, 5

or 6 types of ()} amine-acil e RIS IdSMaN R I RIOCKHOT HiRYaREs beain Blodspablesome may
be in blocks and some m%ﬁbe not in blocks. The caztji‘gnic olig%$e tLde.E)ortiorlarg}%comprise a block of
cationic afinSRERRE(BStRRNY fHEY M N is8 RtidEy AHT PHIER 5 i

HOR-1BRIC amino acids
(optionally the samgnaiminnaeid)spEbidibitek, afnfimldovizannige kticscmizy fonetitroasilspacer. The
block of non-ignic aming acids.may. b cauled gy Lorhe 35vgranhabic.porken Thecalionic
oliaopeptide por?lon maf'f)e betweér 5 and 35 peptide units (1.e. amino acid residues) in length, or 5 to
20, 5 to 10,10H0 BE:0ate Bractordsy viithshe spmdarg singls lptier apdep fof praine peideaAPE o8 17, 18,
19, 20, 21, 22,23, 24 25> BR1ep3RiARRYIR uniteindenath. deceaitaingiollodiments of the mdention, the
cationic olieopeptide portion, . ‘ ' _
15 naturally occurring optical isomer :
The cationic oligopeptide portion may comprise arginine residues. It may comprise
other amino acids capable of providing cationic character. It may comprise lysine
residues. 1t may comprise a single type of amino acid (e.g. it may be an oligoarginine
residue) or it may comprise more than one type of amino acid, e.g. 2, 3, 4, 5 or 6 tvpes of
20 amino acid. The amino acids may be in blocks or may not be in blocks, or some may be in
blocks and some may be not in blocks. The cationic oligopeptide portion may comprise a
block of cationic amino acids (optionally the same amino acids) and a block of non-ionic
amino a;cids (0ptionall§ the same amino acid). The block of non-ionic amino acids may
function as a spacer. The block of non-ionic amino acids may be coupled directly to the
35 hydrophobic portion. The cationic oligopeptide portion may be between 5 and 35 peptide
units (i.e. amino acid residues) in length, or 5 to 20, 5 to 10,.10 to 35,20 to 35, 10 to 20 0r
151020, e.0. 5, 6,7, 8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,23,24,25,30
or 35 peptide units in length.
~ In certain’ embodiments of the invention, the cationic oligopeptide portion
50 comprises a protein transduction domain. This domain may enable the antimicrobial
substance to pass the biood-brain barrier and/or may enhance cell membrane ijenetration.
'Thié may be beneﬁéial in enabling the use of the antimicrobial substance in treating brain
diseases or in vielding an enhanced antimicrobial activity. The protein transduction

domain may be a transduction domain from a naturally occurring protein. It may be for



30 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‘ggtﬁﬂyﬂﬁéﬁprotein transduction domain may be a transducfio’d ﬁqgﬁﬁ%ﬁ% a naturally
occurring protein. It may be for WO 2009/078820PCJ/S G2008/00049 2 example the protein
transduction domain from the transcriptional activator Tat protein of the human HIV-1 (human
immunodeficiency virus type 1). This transduction domain is TAT (YGRKKRRQRRR). An analogue of
TAT may be useghineviich senservativeisulisitutionsmotienemserotesmhing atidd Havebeerf made.

The analogue should haye simier proertes Ip JAT, b teqard 1o Gfossing e RER,Aaglar eahancing

cell penetratio &8t ransduction domain may be a cell penetrating domain. The protein
transduction dbATRICYGRK KRB QRRRIaldoaahegiie. of AT baasckiedet the BHEN( ISRV B the

molecules of the amphinhilic antimigrghial-sulastansendfethircasparhare tieaiatsdustionideeain is
TAT, the terminal R of TAT may be located at the end of the io O‘l%%;&es. e teIzlrhminaI Iocaﬁ'on may
render it moresietie RjpeREtativgthe BBRETREA if% \R/E’f‘élﬂ?c&igd n8R-teIniinAIS88ich.  The
protein transdyeireamain ibpiesentmaybecoupibd toathédydrelhuhicpongodobyatsgacer.
Suitable spacers include oligopeptide; spacets. Commanly.3gationiaAlidgnenlidedratmisdagated
between the p?ocfeln fransauction domain and the spacer. 15 The cationi¢ oligopeptide group may

comprise argirfiemniesitothantcysind trarorhistitinandsiridotbiter cichicAMTRSfiereon. It
is thought that,the, catioric nalkie:afithedinkek geaum MRy bate thethe antimigrobial atthdty of the
. antimicrobial substance, The proteijn transduction domain maaytalso cont{raibége Ut%léhg t{ihmicr bial

activity. THe prRYEREESof RafimtPghRA3E Belited iR & pads SHEtHEPSIStRR Fansdtiction 20 domain
may influence ithecgoiatataddticmot: trensintinpiastiomal substance, particularly when in the form of

nanoparicles or micglles, 50,25 IR e sHpS(RAREmETE Roladisalleaci e, Thalsaanf the

spacer plus the cationlcpoﬁgopeptl e group may be between about Sand about 15 peptide units, or 5
10 10, 10 to 15pertiPadii 2, 9age5, Biiwdl; acerstinclpde pEoReBidSpRIite GHEOTRE GGG
olinopeptide JEHYBHRMMEUPIRLSE RsidieeRbaeS proieia acits(@gioh Mayde am aligopeaitine -
e aming acREi ) B 1T HRGBRE BrRES RO, 1 EIBeRs or Ma s b ol 2 2ame may
be not in blocksisttimay:fatvexaompiefeorapeise aetitsl Gekresiidpisstidectt iriyheoirimse M 6Ek
oli.qopeptide i Whigh.ongRtiaNa! AR the awingAsisES altbrblocks@iimicrobial
 substance. The protein transduction domain may also contribute fo the antimicrobial
activity. The presence of cationic groups between the spacer and the protemn transduction
20 domain may influence the conformation of the antimicrobial substance, particularly when
in the form of nanoparticles or micelles, so as to render the substance more biologically
active. The length of the spacer plus the cationic oligopeptide group may be between
about 5 and about 15 peptide units, or 5t0 10, 10to 1Sor 7to 11,e.8. 5,6, 7, 89,10, 11,
12, 13, 14 or 15 peptide units. The cationic oligoﬁeptide group may comprise a single
25 type of amino acid (e.g. it may be an oligoarginine residue) or it may comprise more than -
© one type of amino acid, e.g. 2, 3, 4, 5 or 6 types of amino acid. The amino acids may be in
blocks or may not be in blocks, or some may be in blocks and some may be riot in blocks.
It may for example comprise a diblock oligopeptide. It may comprise a diblock
oligopeptide in which one, optionally both, of the amino acid units of the biocks are
50 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 betwe_en 1 and about



30 cationic. The cationic amino acid residues may be located towards the C terminus of the
oligropeptide group. The oligopeptide group may for example comprise R6 or H6 or K5. The spacer
may comprise, or consist of, uncharged or non-ionic peptide residues. It may be relatively hydrophilic.
It may have AYA&PHAEHBLintermediate between the hydrophobic portion fcFtHe2teftitiiioligopeptide
portion. It may be between 1 and about WO 2009/078820PCT/SG2008/000492 9 6 peptide units long,
or about 1 to 3, 3to 6 or 2 to 4 peptide units long. It may be for example 1, 2, 3, 4, 5 or 6 peptide units
long. It may comprise, or consist of, glycine units. The N-terminal amino acid of the spacer may be
glycine. In thig;casg doq.feuming! alysinasresislue mayshe bonded terte ydrapiobiapgrienishrough its
N-terminus. If present, the 5 protein trans ucti,onldom in may be bonded t%is %?ti(gnicci‘naemir%%)S acid

. residue, e.g. SHAIRE, lydine Hri&RRTET A5 B oRE & BAMNIPEFhe" SRlioRIC Mo acid résidue.
The C terminusheftheradtianiaam mddadidheesidee nrayHeezheite dntththea-therrirgal gheiprotein
transduction damain (6,9+0016,: of 8 Th s, Ul priaglis:PRSLPRMALARiARY Ryliabladrophobic
group such that the to mphlprhl Ic antimicrobial substance IS capable of forming micelles in an
aqueous matrixoire FyadproBicipariBnTAzy 15 20eedoto4d EFBOHY B Ve birE4dad €arbon
atoms), or 04 59%%%, Gl Q1053080 0206 2010 C3hifB Lo AD O tari2h atig@2Bstaud35. It may
have 4,5, 6, 7,8, 9, 10, 11, 12, 13, 14,15, 16, 17,18, 19, 20, 21, 22, 23, 24, 25, 27 9, 30,
31, 32, 35, 0198 GRS S AU B SR, I 160 B B e oy b
substituted. It thayrbeinnsubdtittitedidmiayde fintarYIohayDe branched. It may be cyclic. It may be

bieyclic. It may be pevCyClc ey R AiPhAlc vl By aNE TR seaIQRsult may g deived from
r may

a natural product. It may comprise, be, a steroid group, for example a cholesteryl group. It may
be coupled to B BRI CHIEBIFORVSPEF TSRS SHPAR & Rfide MRAGECTIS BabAMERS (PétHANe) 20
linkage, or sonmg.otRarsiHtaRlebakag enakheechydiaphobikpardion finayhaoenfitise Aoy @onsist of, a
hydrophobic polymer. The h ic pal rymay-be bigdegr dable it 0 eche a
polylactides, a%%ﬁa‘&i%%-%%%?%g%g)@éér;@c{:)a%)r)c()?lé@[gfeg,l (%agl %T@(%?goirg;% %rg?)ﬁg] gﬁeb?%

biodegradable(@olymes s Therhy dophoicidrtfor?-niby Be Bouglettd dri§: dre lGatidniloligopeptide

portion, or it may be geupled-{o,mote fhamone 5, LAtienisOigOPEDIide POULR.e:E:3s 3t 4. 6, 7, 8,
9, 10 or more than 10 cationic oligopeptide portions. In_the cas%lwhergit.is c%]ulgled t% ore than two

cationic oligopebRde PEFaBISE., FRIBUL IR 8 P R gH e BS WA EE M B a8k

eror der:[:%rli’%aér. It may
be in the form pheprexsbelhatedciuresyibavyichctiehydiephiopit pdttioayibd mehe vdre dndahécationic
oligopeptide portions are in the shell. 30The antimicrobial substance may. for.examplePe: may
ChoIGSRGTAﬁﬂggﬁﬁb?g@ﬁ%% ,aé?%(%glggiq;i%q}%@%erein Choloreprgsents% cholester%zjgroup
eoupled to G bpamiesthemeainkagestmeld PP e PGRITHIRRTIRRR P SBAebh SRS, a

mixture of antiggicrhigbSpbsiances:darixamale treathiesitistagiaboves mayhenasedurethane)

' linkage, or some other suitable linkage. The hydrophobic portion may comprise, or may

- consist of, a hydrophobic polymer. The hydrophobic polymer may be biodegradabie. It

may for example be a polylactides, a poly(]actidé-co-glycolide), a polycaprolacione, a

polycarbonate or some other biodegradable polymer. The hydrophobic portion may be

coupled to only oné cationic oligopeptide portion, or it may be coupled to more than one

25 cationic oligopeptide portion, e.g. 2, 3, 4,5, 6,7, 8, 9, 10 or more than 10 cationic

oligopeptide portions. In the case where it is coupled to more than two cafionic

oligopeptide portions, the substance ma&" be regarded as a star polymer or dendrimer. It

may be in the form of core-shell structures in which the hydrophobic portion is in the core

and the cationic oligopeptide portions are in tli;- shell.

30 The antimicrobial substance may for example be CholG3R¢TAT, or CholG K TAT,
or CholG;HsTAT wherein Chol reﬁréséms a cholesteryl group coupled to G by a urethane -

linkage and TAT represents YGRKKRRQRRR. In some instances, a mixture of

antimicrobial substances, for exampie the three listed above, may be used.



WO 2009/078820PCT/SG2008/000492 10  The antimicrobial substance may be capable of forming
micelles or nanoparticles. In particular it may be capable of forming micelles or nanoparticles in a polar
(e.g. aqueous) matrix. The matrix is preferably a fluid matrix. The micelles or nanoparticles may be
formed throu§f? &% Brane dialysis method or by a solvent evaporation hieths4 36“P%‘§?2an emulsion
method. The micelles or nanoparticles may form spgptaneously in the aqueous matrix. They may form
without substantial mechanical action (e.g. without vigorous agitation, sonication etc.). As the '
substance is an amphiphile, having a hydrophobic portion at one end of the molecule and a hydrophilic

(cationic oligopeptide):patianRabiiesatkenenthat Hay-pshiaptiiedhsetfiadsamblingdpattieleppropriate
matrix. In io particular, in a polar matrix structures may be formed | ich dr bj¢ portion is
buried away f%n?arﬂécf)%fa}t rﬁg’ﬁi)g] ncggﬁ'é{%gdré)ﬁﬁ]ﬂ?é’ plglr‘fi%ﬁrwe Sé)?treﬁ%ieég gu_tvﬁaf%%sn?/ror%et&% r_tw' rophobic
portion towards;theusplastnratihe Svitsibléssprefersbiicufbicareatritcelibe BYGeARGPARRIEBATRESe may be

regarded as CH{%'%@% apastigles (nonssshsllaicalieshiphishine sose.commisasthal
hydrophobic portion and the shell comprises the 15 hydrophili¢ (cationjc O"goo??%)tidegf ortigjn.

Therapeufical BJema suelsig matbahcEhurigd st SHRORBIEETPAY, dBIdY, VBB INdOrpSrated into
the core, for exgaple thsaughmepembrafedialysimmetiachasltmecigniasoleént deaporationtmethod
or through an emulsion method. The inventars, copsider .gationic grauD of thg.antimicrobial
substance are Tefated i %%’ﬁltirﬁ?gflgg%na&@ty.%o%see%%tﬁﬁ %gac%re-shell st%hctu're gs 0 described

above would preiriggehisseocioioaicnrcugfihnashsilerrbhry dramils fediosicHigwnrantidsh
microorganisms Suitable Belar Matices,fes gusingthersali-asspmbitidesaribsdaabaveindide

aqueous matrices, e.g. water, saline solution, aqueotl)Js biolo lcalr Iuci]ld%gbtllo dd a%va etl%g orsothér
aqueous HuidSaH A eFeh P T RhPEORTOIMACS [Forsth B3Rt tion S5 RIS Tikely to
reside in the hygtiephiliaysheth Tbigdtikelyi? 5tal thake dnephitin pimtavedidbhsitofacHitstéronethdicelles or
nanoparticles jn crossing the BB r ting cellg. . .sRne Amiceles Anapqpadicles,of the
antimicrobial S{B’bg?g?%%g%: r%%%nn?ﬁ%gve égﬁ%%}? |a%n%e§%1%bout 100 to,aboijt 700nm, or about 100
to 500, 100 to:800p@Ucles SHEsEUE TP oeeaiiodesiscanshsH, epRMEGIeTdoT 196;5560 56! %00, 350,

400, 450, 500,550,309 6RO 6RO Qn{RRuin FEhaymaydecsubatiantialy mensgwBpesagsisthiteiameter
will depend on the precise nature of the su li\t{gnce, inr(flludinggl{{the(?J %Lze%t%ngcitr%cégreaggép% hggrophobic
portion ardl of K FRAHS RO PSHoROBRES RS HaVe BT6R porydispersity index. The polydispersity
index may be tessiitiamaleouitt, oriless thamabout G Hhoduted 0SB hsr epwy fre epourle hrenabsut 1, or

about 0'25 to %ne%iﬁrg%él’d(?aﬂyﬁg %Qogi’ o %o%kp'g 810 eegaporation method or through an

emulsion method. The inveniors consider that the cationic groups of the antimicrobial
substance are related to its antimicrobial activity. Consequently a core-shell structure as
20 described above would provide those cationic groups in the shell, enabling them to _access.'
and act upon microorganisms. Suitable polar matrices for inducing the self-assembly
described above include agqueous matrices, e.g. water, saline solution, aqueous biological
fluids (blood, saliva etc.) or other aqueous fluids. In the event that the shell comprises a
protein transduction domain, this is likely to reside in the hydrophilic shell. This is likely
35 to make the domain available to facilitate the micelles or nanoparticles in crossing the
BBB and/or penetrating cells.
-The micelles or nanoparticles of the antimicrobial substance commonly have a
mean diameter of about 100 to about 700nm, or'a’oout 1090 to 500, 100 to 300, 300 to 500,
500 to 700 or 200 to 400nm, e.g. about 100, 150, 200, 250, 300, 350, 400, 450, 500, 550,
30 600,650 or 7(}On.m.:They may be substantially monodispersed. This diameter wiil depend
on the precise nature of the substance, inciu;iing 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 I, or less than about 0.3, 0.4 or 0.3, or may be -

‘about 0.1 to about 1, or about 0.2510 1, 0.5t0 1, 0.1 to 0.5, O.‘l, to 0.3 or 0.2 to 0.4, e.g.



WO 2009/078820PCT/SG2008/000492 11 about 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55,
0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95 or 1. They may have a zeta potential of greater than about 30;
or greater than about 40, 50, 60, 70, 80 or 90mV, or about 30 to 100,40 to 100,60 to 100, 80 to 100, 90
to 100, 30 to BE 28697865 30 to 40, 60 to 80, 85 to 95 or 90 to 95mV, e.g. HbBHEEGEAY49D, 45, D50,
55, 60, 65, 70, 75, 80, 85, 90, 95 or 100mV. They may be highly charged. They may have a high
positive charge. Such charges provide substantial stability of the particles. = The antimicrobial
substance may be active (optionally lethal) against a wide variety of microorganisms. It may be active
against one orypyke af basteyz,(yenst aryl Fsrguso k3nay, hesanoa ek tertabage a8 J nsaytds an
anti-yeast agent, Jt may be an antifunaal 10 agent. It may be active against -pQsitive, hacteria. It
may be active ﬁ’fs?‘o'#ia R}f)‘é o %i%?%%?&%ﬁ’i@?%." t%%)t/e f':lg\?él Q%Orur?iﬁé]’rﬁ%%fﬁﬁg% c:gg?l%entration

(MIC) against &0tai¢etlo fafison HhtessotrrhoeBLiolOMmiktomdlor 66 el RarncabliPPz0 10 %br 5

micromolar, or;3houh249 AhaLE30, ABOKb 3182 %518 13 2093 19 39n? 10, B abGuisa0smiammlar, e.g.
about?2, 3,4,5,6,7,8,9,10, 11 , 13,14, 15, 16, 17,18, 19 or 20 gﬁ)m lar. he antimicrobial

, 12, 13 L m
substance’ may'hé bk 5¢=c?65§ﬁa§%h30bl%b8§t}r%qﬁlgamﬁf(‘EE"B ® gy BEEEEabE @ dssing the
BBB in sufficientguantifyhseitdkasittiicienilraterss astadachisvmaalethblldpse fowardsidse target
microorganism in the brain of the. subject. It ma capabl [ | I .10 enter
cells. 20The amphip |ﬁ(?%h%%ﬁ%§b%i%‘f%%%lgfarnn(% %%eggﬁ)ee*@%érlgﬁﬂggﬁﬂg r%%%gg%yl;%a&gr%%égé
comprising coaplirigrechgatisphobitien fpriite eaainshaonier shgspdtgeria, yead ppd Bpssnil
compound ma%&o'ﬂg%oﬁﬁi&&%ﬁﬂya@@ﬁhPcbiﬁé?%@%%mal@{iHﬁ@ﬁ.@dﬁhﬂsbﬁtaﬁﬁ&aﬁﬁfdﬁéﬂ;ribed
earlier. It may comprise the hydrophobic portion and a functional rog cqQu Ieod .therelio é ptionally
directly béhde8Her B EXITARIKARRAS! ﬁfﬁ&iB?%f‘&%ﬁﬁt?Q%gbg%% ogf) 7, Vc%Er"rga]\[/r\ingtthagtlnﬁo Speptide

(for example wifhrthedsrtenisinuk ofanaligoaeplidé)sn ashibicoyplentmatntcrodhiic pertiohao the
oligopeptide (for example. to t -termi lj ide). ' (o] y-bea
haloformate es%é?c%oa‘r (%8&ll vléﬁell\réesgxrfgs}i%uﬁg?c{lg (?' r%) , %%?%Hgﬁ%rgf:ﬁr{ﬁt%ﬁ%g%%%{ a}_ltj))’rcr)m n?o?gfrsnate
ester, so as toreermaka RamkAB! hikageo #e ahgdpeitide; of itnidy Bécal3d aidRalid (=o)X,
where X is a halpaendi#,; ¢ angnid chiorde, &, acigl bramide, $0,as ta fons, a6, amide linkageto the
oligopeptide, or it may be some other suitable functional group capable of reacting with the N-terminus
of an oligéspepﬁﬂg%‘%%rto couple the hydrophobic portion to the oligopeptide.

The antimicrobial substance may be capable of crossing the blood-brain barrier

(BBB). It may be capable of crossing the BBB in sufficient quantity, or at a sufficient
rate, so as to achieve a Jethal dose towards the target microorganism in the brain of the
subject. It may be capabie of penetrating cell walls so as to enter cells.

w The amphiphilic antimicrobial substance described herein may be made by 2
process comprising coupling a hydrophobic compound to a cationic oligopeptide.

The hydrophobic compound may correspond to the hydrophobic portion of the

antimicrobial substance as described earlier. It may comprise the hydrophobic portion and
a functional group coupled thereto (optionally directly bonded thereto), wherein the

25 functional group is capable of reacting with an oligopeptide (for example with the N-
terminus of an oligopeptide) so as to couple fhe hydrophobic portion to the oligopeptide
(for example to the N-terminus of an oligopeptide). The functional group may be a
haloformate ester (OC(=0)X, where X is a halogen), e.g. & chloroformate ester or a
bromoformate ester, so as to form a carbamate linkage to the oligopeptide, or it may be an

30 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 'capabi'e of reacting v'vi{h the N-terminus of an oligopeptide so as to couple the

hydrophobic portion to the oligopeptide.



WO 2009/078820PCT/S62008/000492 12  In some embodiments, the spacer comprises a
functional group. It may for example comprise amino acid residues bearing the functional group. In
these embodiments the hydrophobic compound may be coupled to the cationic oligopeptide through
that functioné’Y Br%?ﬂ?f};?ﬁﬂ;vs if the functional group is a carboxylic acid, the ’Fﬁlyﬁfﬁﬁg%%[}ég@ompound
may bear an amine or a hydroxyl, so as to couple to {he the cationic oligopeptide by means of an
amide or ester group respectively. If the functional group is an amine group or a hydroxyl group, the
hydrophobic compound may bear a carboxylic acid group, so as to couple by means of an amide or
ester group respectiyelymOthes duiiabie ceupling mwagianrs inflbcteligkupdctonsidraxexaiaple the
cationic io oligopeptide may be functignalised.with, an.azide group and the hydr (C.groyp may
contain an alkﬁ?@%%u%?ﬁ%’ﬂear%gf ?ﬁlgli\eﬁogr@nagﬁ §dhe e 9&% Efd%%@lqﬁ@gfﬁé%ﬁeg tfl% a%glgeg. e The
cationic oligopepticishntay comespuhditaythe catiants! oligche prttepertiditerestids e thwader Mtmay
comprise saidgliganeptide ROTYRR"RYRD ARMNbHATBUAATS LatkdesRini, od B alisoupling

the hydrophobic compound to the cationic oligopeptide may comprise m|i<ein a solytion of the-

hydrophobic cETRBSHRT Rtk 2E81 oA BIthS Tt ST SRYoppftid?It afggo%‘Srﬁ <8 HB%ing
sufficient time dpsdbeptrrclipMtamRrot eedmidiecs uffieiapttime spayibdaifehstfatoisnkhgunymisat least

about 2, 3,4, 6, 12,.18 or 24 20 hours, or may b oult | 0 rs,.Qr t :1t012,1
0.6.6 10 48, 1GTEOTIN A GO T] BOHb: T B R i R e 0%s,
18, 21, 24, 30266, 2Rum; 48 RdUPSCAUREMXiMFaN (Pfhenstibide ue FE1EaTH0R AraycIRBdpefiBstly, be

conducted at hetween ahpph0 aRd.-abRut 2GEdOr akrRut 0 10:206:R 1oFk3, Bxtarkde Ot Sc&it@ieS, 10 to
25 0r 510 10C, e.g. at about O, I, 2, 3, 4, 5, 10, 1% 20 or 25 25C. The,ti eg{éor He%ction ma%depend on
the tempdPatuPd ST IR e din g BRIPRE IS B R EREE STRYPrERL ARh LR IR R E ST G Féaction
may be base catalysesh Siifaplegpaseswheleitle tertiory aminds aepyedie $omng 2tictiytanmvie,
tripropylamine,. pyridine etc. The solvent should be capable of dissolving both the hydrophobic

. pyri
compound and the-Gationic oligopeptide. In certain circumstances different solvents may be used for

30 the cationic oliachptaaoait HeerertijarsiroBRTeEARdUAdTM HRILBIEsAlIgW déTePR SR ents may

be miscible, apgthe solatinns shamd-bemixesin siakemuehihalthaaresy EnQNsnlvenipnixiwe is
capable of dissolving both the hydrophobic compound and the cationic oligopeptide. The hydrophobic
compounH may BEUEES in a molar excess. It may be used in a molar excess of about 1.5 to about 20
(where molar excesSlis stefindédapting WO RIGSHOTES20MEC LS G2DO8ABOA0ligopeptide may

comprise mixing a solution of the hydrophobic compound with a selution of the cationic
oiigopeptide. It may also conlpri.se allowing sufficient time for the reaction to proceed.

The sufficient time may be at least about 1 hour, or at least about 2, 3, 4, 6, 12, 18 or 24

2¢  hours, 'or may be about 1 to about 48 hours, or about 110 24, 110 12, 1 t0 6, 6 to 48, 12 to
48,24 10 48, 6 to 30, 12 to 30, 18 t0 30 or 18 to 24 hours, e.g. about 1, 2, 3, 6, 12, 15, 18,

21, 24, 30, 36, 42 or 48 hours. The mixing and the subsequent reaction may,
independently, be conducted at betv}een about 0 and about 23°C, or about 0 to 20, 0 to 15,

0t0 10,0 {o 5,5t023,10to 25 or 510 10°C, e.g. at about 0, 1, 2, 3, 4, 5, 10, 15, 20 or

25 253°C. The time for reaction may depend on the-temperature used. Depending on the
nature of the coupling reaction used, the coupling reaction may be base catalysed.
Suitable bases include tertiary amines or pyridines, e.g. Vtriethylamine, tripropyiamine,
pyridine etc. The solvent should be capable of dissolving both the hydrophobic compound

and the cationic oligopeptide. In certain circumstances different solvents may be used for

30 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 compom_ud 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



13 number of moles of hydrophobic compound used divided by the number of moles of cationic
oligopeptide used), or about 2 to 20,5 to 20, 10 to 20, 1.5t0 10, 1.5t0 5, 2to IS, 5to 15 or 5to 10, e.g.
about 1.5, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,19 or 20. Suitable solvents for use in
the reaction WEGHEEISEIAr aprotic solvents such as dimethyl fonnamide, Biri&d308(Meee,
hexamethyl phosphoramide, dioxane, tetrahydrofurapsetc. Following the reaction, the solvent may be
removed. Commonly the residue will be washed with a suitable solvent capable of dissolving
unreacted hydrophobic compound but not dissolving the antimicrobial compound product. Suitable

solvents includggdigthy elber ThaRregustimay-ipennae fischaraudiied iGuilahlemathessseinclude
dialysis using a membrane with a mglecular weight. cutoff below th cular weigh he product.
Other suitable"ﬁﬁ@l‘HB@Q%?H?@Hg%uéﬁ%egrrﬁ%?‘ﬁ?c?ﬁéé} ’pgré%ggaa\életog%ﬁ;;gl?e&%g |b¥30%ro§h?ja{%g£phy and
preparative hplaolhSsaniectBesgcahiinafiohs o stich Tétlods, mhy Beldséd. 15, 16, e I#ddess may
also comprise e eten;afakiug,lbasaionis plognende,Jhis kY heachiered oysaidstate

synthesis or by other known methods.  In particular the cationic oligopeptide may be made by

means of & pedtiths)nifrssasidnhedimethist rajoride antemmeipd e ERREPYrEUBI Bh&iStiitsble .
protecting groupsineluaairBes. Fomavidy aseaddtom the GHentmnybiorthe ddedoinmealthe
otieopeptide. It may use. a double coupling method, Thus in a typical aming.acid addition step of the
synthesis, an é%?é‘g‘ies (‘51]5‘ EEO‘LTF ??n&él“éla%i\?alé‘ﬁ% 1(e:)f AMmino aét’(:%at%igee%#;g Wﬁ%g‘gﬁ°a&%§%8t[r%§)eagent
and a molar exgdsypbfhasertpeindboundOdinslengitdantih e Babosapounthpredsit (FeEhlg the

growing oh g ! INRURCNALINSIRID), RIiaRIe BEHVRIAITRAGRRIS N OtE8le method
benzotriazol-ﬁ?ﬁg%og@?g}%ﬁophosghoniugnchexaflulgrophosphate. Sui%}?l IE)t’)vaiesei%;l(?e::gl:'estertiary

amines sifch 28904 SHIIRDHSHSIRSIIB RS BTE BIMREBHIB M HIBIL SRS gPs ted using
mild base suchiasmipetidipadibe dinrk ianmed sligepBptidermayk e sepaiatddifrpmtivetiesirlusing
acid, such as trifluoroacetic acid, together with a suitable silane such as triisopropylsilane . The
separated olig% gﬁﬁ%gnrﬁayo eggﬁF%gla 619 sgﬂ%afgqﬁneom?rfc r‘n%gtﬁgﬁsg scl%:s as %%fc The pro?:ess may
additionally commghisds thevstepsstldispersing the antimicrobial 30 substance in water so as to form

nanoparticles or miggjles;ofdhe-antimicrahialaubstanes bt thewmater. Asuitable sgansdoraehieving
this comprises dissolving the antimicrobial substance in a water misci%l\? olvent and dialysing the

‘ es
resulting SbIutFRYRFARSENRSEY S HEisYPHETH Shibr SRS HERANG BRI Folecular weight cut-off.
Suitable solvents inglugertipolardaproiioanivehtssucidasrdimethyhidemiamidesdinéthy pspifdxide, WO

2009/078820PCT/(SG2008/000492 14 dimeth ' /| : ide, dioxane,
tetrahydrofura?? 3%%?%%@%%@%%%‘1@%5? ig%%uxrﬁggs ?vgg#g%%?g%%%mse%ﬁv{ﬁ%%%g%l eg wategr, reverse
osmosis purifiePvrténdrétheBetitibiyayureosret i aRele CotPBrE dRifSiSHEmBER a5 be less

than the molecisasyvgiait of the astimirohial sulsianesadinTaydos exampaleabinaboid 5Q0dehSabout

1500, e'giaabosgtepsg ﬂ.l]éosg)rgtgés%s?gg'elgeessp {eo g.eglt)lgli gfntlr(]) gt:lellslgli Qrgcssné(fealll'r%%c? heid together with

an activator reagent and a molar excess of base (e.g. about 10 mol equivalents) are

exposed to the resin (having the growing oligopeptide chain attached thereto). Suitable

* activator reagents include benzotriazol-1-yl-oxytripyrrolidinophosphonium

hexafluorophosphate. Suitable bases include tertiary amines such as N-methylmorpholine.

25 Removal. of the Fmoc protecting group may be effected using mild base such as

piperidine. The final formed oligopeptide may be separated from the resin using acid,

such as trifluoroacetic aci@ together with a suitable silane such as triisopropylsilane. The
separated oligopeptide may be purified by suitable known methods such as hple.

The process may additionally comprise the siep of dispersing the _an‘;im_icrobiai

30  substance in water so as to form ﬁanoﬁarticles or micelles of the antimicrobial substance

in the water. A suitable means for échieving' 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 sclvents

include dipolar aprotic solvents such as dimethyl formamide, dimethyl sulfoxide,



nanoparticles have been described earlier.  The process may also comprise incorporating a
hydrophobic substance into the cores of the nanoparticles or micelles. This may be accomplished by
means of a membrane dialysis method or by means of a solvent evaporation method or by means of
10an emulsidYOARMKBEE20 Thus the present invention also provides a mid&lEPSHIERIHNGE a
suspension of nanoparticles of the antimicrobial subgfance in an aqueous matrix. The nanoparticles, or
micelles of the micellar solution, may comprise a hydrophobic subsmnce. The hydrophobic substance
may be located in hydrophobic cores of the nanopatrticles or 15 micelles. The hydrophobic substance

may be a therapeutic substance, M this cRsRIlB RicaHar solteneraisReRsionmaprbrubbful for
delivering the therapeutic substance. The aqueous matrix C{,n%ﬁe urified water, as descry.)edd above,
or it may be sBIR@ SR AHEE LA R AT SIHEhe it har LSTulor o7 STpaRsion ¢

| lon or stuspension of
nanoparticleswagy beeirbouaidtypuadditon Toptonaffcdidsofidlpsiy ofcorheaor meoyebotless Hubstances

to the 20 micellar sqlulion QI SYSRRTEICN LSS BBHAAGES BALIPrPAMRIRCTIBISE SR or

maintaining oSMotE pressure,”or may be adjuvants for the antimicrobjal substance, or may be
additionalsthe ripetitié Ay ents 85as SR2dlRPEURGRo T IntRTaRsHAs I b AP diBEANEE 6t May be
some other Fyg&g{,@glg@@g@@e Hehae suiantity ef:seeh substances added will depend on their nature and
re_quwed activity. = _The antimicrobial substance may be used folf1 'IIing icro%r anigms[. Ttlggs
microorganisms expdSedf 16 e SRt SBIEPLEHRSREE A Poe effec |V%%Ckﬁ?e5?a?ﬁe antimicrobial
substance mayhs infthizefarm qhairiagueous aibperdion ohaarispastioteslishesh byusewsnditdlar
solution, as desgibed RIIGLORIMALPEUIRIRCA, DA AR AHEAMES ANALRsame other

suit_able_ form,[aepe ing on the nature of the particular 30application. Thus it may be used for a live
patient |nt@rnﬂw@y§%@iﬁﬁﬁﬁlﬁdtopically, or may be used on a surface for disinfection.. . In particular

the antimicrobial subgstange @g%@@iﬁsadi@teﬂ@albydiﬁriadsaiiem‘c&ﬁraire@mﬁgramiMamgb'm;ﬂentiofn. In this
(orolty hat o BEEEBTE Qo000 B ADP T o DoR OO fa oy The BB R enty o

micelles of the micellar solution, may comprise a hydrophobic substance. The

hydrophobic substance may be located in hydrbphobic cores of the nanoparticles or

15 micelles. The hydrophobic substance may be a therapeutic substance. In this case the

micellar solution or suspension may be useful for delivering the therapeutic substance.

The agueous matrix may be purified water, as described above, or it may be some other

. aqueous matrix. In this event, the micellar solution or suspension of nanoparticies may be

elaborated by addition {optionally dissolution) of one or more other substances to the

s micellar solution or suspension. These substances may for example comprise salts for

maintaining osmotic pressure, or may be adjuvants for the antimicrobial substance, or

may be additional therapeutic agents to be used in conjunction with the antimicrobial

substance, or may be some other type of substance. The quantity of such substances

added will depend on their nature and required activity.

25 The antimicrobial substance may be used for killing microorganisms. Thus
microorganisms exposed to the antimicrobial substance may be effectively killed. The
antimicrobial substance may be in the form of an aqueous dispersion of nanoparticles or

. an aqueous micellar solution, as described earli_ér, 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

30 application. Thﬁs 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 ir_ﬁ:emai 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



antimicrobial substance that is effective to treat, control or cure the infection is non-toxic, or at least
non-lethal, to the patient. It may show low toxicity at the MIC towards the target microorganism, or at
the effective dose. The antimicrobial substance may be administered to the patient orally, or may be
administeredy &CEER subdermally, 5 intravenously, intramuscularly eRCFEERM$PHE2administered
intranasally or it may be administered by some otherjmute (e.g. by inhalation) In certain embodiments
of the invention the antimicrobial substance is capable of passing across the BBB. This makes these
embodiments particularly suited to treatment of infections in the brain of a patient. The patient to which
the antimicrobiglisubsisareuis-adaaitistesetiray:he @ebumansdbooritrméy bdeativarishumeaoxanimal. It

may be a mammal, g & nonsiiman mammal (| Y Re.e ARy heud et bwRuosa primate,

e.g.adog, a c%ﬁ,aé e, ’a’'sheep, a goat, a mouse, a rat or some other primate. It may be a
domestic aninatgét meydempst.Itanay B xfiarivaniess. IEhsagnsasitlopihstoRtesiaERI animal.

The antimicrobjgl subsiance mav.haus lowhaemelylicaciviysitdray havedensiS hnaeelic, activity
against red blood cells. It may have shown less than abgut 30% ,haergggsis at the MIC towards the
target micfoorEFEFROW Ye SETTHRHSEBAT 56187 10707598, W HBSIR36 282550y 28 18°% 857, 6, 5,
4, 3, 2, 1 or 0%dragmesisy somel behanmphiphidie. antitnierbiiad )sUbstartee reayddeniivdegfabiable It
may be suitable for, delivery of a hygdrophehic th [ ' r | res of
20micelles or h@?%%%‘r‘uﬂél%é“ g%%@ﬁ%rﬁ?@r%@é? 2%%%5%&%5#&3%&%5%@%%%%&% '[%%ﬂlg%%%?ed

Embodiments thesgrembedinesieir paraenisodiméad thdrprineni ohikigeidrniemibs kg ehoRa{&mdI-grafted

cationic peptide suitghle faruse aman antimiciabishananeibondspasumastvites farteatment of
brain infections. This peptide contains a chole terol moiety, thre%glycine 25 residues as a.spacer, six
|

arginine résid B<aHE LEH FEHEFAIM FPRBIIL BT THh S HE e Had él%l}f{fgéqarrﬁ%gﬁmm%h%entration
(CMC) of 31.6rtiag/be(beitD I tilsh) e defibnizeda(DHy wateniEiges B)Yemd cah eesily sdibassemble in
aqueous solutions 1o, form l%%%q%%,cﬂﬁl shellsirysiwed nanopatiicles atdhesmatkiRhaloyay These

nanoparticles are gbﬁerlca and have an average diameter of about 300m-n with zeta potential of
92niV. 30 Thepashoe. bwaHiradrFh IR HoRsERE aTohe PRI BFtraed 8r8hd 11.0 kM against

Bacillus subtilis (bactggiymiimfeastdid aaibigansaieast)ane-Jachyhaltyschaytarunn (fhaged)w
respectively, and display much stronger antjmicrobial ability than cationic peptides without eholesterol.
The inverffors PR @e?\?@ﬁ%aﬁ%ﬁgﬁﬁaﬁ%ﬁ%% (iﬁes'ngn(r)%ért%c\é% fh E"%@& %o%rkea%ogrlr%%%oﬁﬁgg the
surface of the yeastlgsid 20tgHViGfavests WO2G0WOTESIOPCT/SC2H08/00492 20, 15, 10 or

5%, e.g. about 30, 25,20, 25, 10,9, 8,7, 6, 5,4, 3, 2, 1 or 0% hacmolysis.

The amphiphilic antimicrobial substance may be biodegradable. It may be suitable

for delivery of a hydrophobic therapeutic substance located in hydrophobic cores of
20 micelles or nanoparticles of thé antimicrobial substance. '
| Detailed Description of the Preferred Embodiments -

In one preferred embodiment the present invention relates to a cholesterol-grafted
cationic peptide suitable for use as an antimicrobial agent of broad-spectrum activities for
treatment of brain infections. This peptide contains a cholesterol moiety, three glycine

25 residues as a spacer, Six arginine‘residues and a cell-penetrating peptide, TAT. This
peptide has a critical micelle concentration (CMC) of 31.6 mg/L (i.e. 10.1 uM) in de-
jonized (DI} water (Figure 5), and can easily self-assemble in aqueous solutions to form

~ cationic core/shell structured nanoparticles at 31.6 mg/L or above. These nanoparticles

are spherical and have an average diameter of about 300nm with zeta potential of 92mV.

| 30 They show low minimal inhibitory concentrations (MIC) of 10.7, 10.8 and 11.0 uM
against Bacillus subtilis (bacterium), Candida albicans (yeast) and Srachybotfys
cha}tqrum (fungus) respectively, and display much stronger antimicrobial ébility than
cationic peptides WitE_l-Out cholesterol. The inventors have observed that incubation with

the nanoparticles induced pore formation on the surface of the yeast and rough surface of



16 the bacterium It also accelerates division of the bacterium, forming minicells. The interactions
between the nanoparticles and cell wall lead to inhibition of cell-wall synthesis and thus osmotic lysis
of cells. Importantly, it was demonstrated that the antimicrobial nanopatrticles cross the blood-brain
barrier (BBBM® 3'4(i8Hel. These Scationic self-assembled peptide nandparftEl@¥sRiite a
promising antimicrobial agent against brain infection.jg  The invention is not limited to the particular
preferred embodiment described herein. For example the lengths of the arginine residues or glycine
residues of the peptides may be varied, and different hydrophobic groups may be used. In addition,
ioarginine mayrewepiacad Withlbysine dargiainéi visibA Taf ndteincludsdin, | faoertein mppticisiobks TAT may

notbe present i (he, compounds. .. e menters deselipafralneatonicicpraisbelapnapprticies

self-assembleJ G 8 a eﬁﬁ?ﬁﬂillc peptide containing a cell-penetrating residue, and demonstrate

that these nanopértiiesipossesostoig bistnfiéretial Aooetiealshd [oaF rAfMeRITAKHIBR) te
concentrations (MG} e DaRAIS e i wabblawerihasrhosem Nyl philissiomizReptides

without the formation of nanoparticles. It was obseryved that i}reécubation with the.nanogarticles induced

pore formétiorf¥iPhife Shiraceror e 3rRRSE At CS PTRUNIS 2\ PERTSIE A PHEER iSRS of the
bacterium, foraisigstarinels=dinh.(YGRICKRRQRRR) peptide is the protein transduction domain from

the 20 transcriptiongl activator Tat protein of the h qrg immupadeficiency vipus-type-deENed)- After
conjugation with TA ,epﬁg%gi?]%oéivit r%%gléhcra%rg ﬁgigﬁ% anging frg}?n 36 to 119 kDa (Schwarze, S. R.,

Ho, A., Vocerdwsiibarfion exappiwdfic Sereths i dlis raminassidesor deiirdty SFBmicicily active

protein into the MEuSema¢ieRCceA88, ARbAitaée: (ARI8)hand quamsmaotewsed. ableatiiciass the
BBB (Santra, S., Yang, H

., Stanley, 25 J. T., Holloway, .P. H..M il, B, M.,.Walter, G. & Mericle; R.
A. Rapid $hd éfféBtife Tﬁ%l%g E?Fé‘%?’la t}?gﬁer{fé?ﬁg @Eﬁ%’gnfﬁggﬁéd'(ﬁwﬁﬁ\%{é USRS dats,

Chem. Commupypi251i3t44F3T46420053)). drette présermyonkgdsn amphiphilic peptide (ChOIG3R6TAT)
was constructed, coplainingJ1e elknerRalnGRRIde TAT. el ACKIRR SIS (RA Wige olycine
c

moieties (03) as spacer an olesterol (Chol) as the 30 hydrophobic block (Fig. | a). This peptide can
easily form corey/smahithilieperiAa SEpEHINES CRl RTRATREERSIACa PP S PRBRTEEHOR S core
and a hydrophilic satienics pepsides shetwithffrisaelecules arkangerk tawardaitimaluriohibiing
enhancingt an GFOBEI B M Gce of 16 EAUBHE eptds THha pruigngih (RO S OGRS Ehaross.
cationic peptides without the formation of nanoparticles. It was observed that incubation
with the nanoparticles induced pore formation on the surface of the yeast, and rough
surface as well as accelerated division of the bacterium, forming minicells.
TAT (YGRKKRRQRRR) peptide is the protein transduction domain from the
20 transcriptional activator Tat protein of the human immunodeficiency virus type-1 (HIV-
1). After conjugation with TAT, proteins with molecular weight ranging from 36t 119
kDa (Schwarze, S. R., Ho, A., Vocero-Akbani, A. & Dowdy, S. F. In vivo protein
transduction: delivery of a biologically active protein into the mouse. Science 285, 1565-
1572 (1999)) and quantum dots were able to cross-the BBB (Santra, S., Yang, H., Stanley,
2s I T., Holloway, P. H., Moudgil; B. M., Walter, G. & Mericle, R. A. Rapid and effective
labeling of brain tissue using TAT-conjugated CdS:Mn/ZnS quantum dots. Chem.
Commun. 25, 3144-3146 (2003)). In the present work, an amphiphilic peptide
(CholGsR¢TAT) was constructed, containing the cell-penetrating peptide TAT, six
arginine residues (Rg), three glycine moieties (Gs) as spacer and cholesterol (Chol) as the -
30 hydrophobic block (Fig. la). This peptide can easily form corefshell 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 of nanoparticles is expected to increase local density of

positive charges, enhancing antimicrobial properties of the cationic peptide. The presence



WO 2009/078820PCT/SG2008/000492 17 of TAT molecules on the surfaces renders these
nanoparticles capable of crossing the BBB for the treatment of brain infection. G3R6TAT was
synthesized by a solid-phase method. CholG3R6TAT was obtained by grafting cholesteryl
chloroformat® 8 #i&f8%erminus of G. This peptide can easily 5 self-asgemi ngﬁsgﬂ"ﬁ”%eous
solution to form nanoparticles. 10 mg of CholG3R6TFAT was dissolved in 3 mL of dimethyl sulfoxide
(DMSO0), and dialyzed against 500 mL of de-ionized (DI) water at room temperature (22C) for 24 hours
using a dialysis membrane with a molecular weight cut-off of 1,000 (Spectra/Por 7, Spectrum

Laboratories Ipg}afhe,gxianealonaies phasesvradaplareed exeryatiotrarsadhez res ehingimareparticles

were io characterizted sing a zeta potential.analyzer with dynamic light scattering capability (ZetaPlus,
Brookhaven, (&5 F%ﬁ&?%&i@g%ﬁ%@{%{g} d zeta potential were 300nm with polydispersity index
of 0.25 and 92.2 m\iRspattively ssftikesand partclelsivpbesesplediivhl (e Snlkel Addridogizedless than

150nrn after Sﬁgf'%fa)ﬂﬂ%‘%%%% é%f%ﬂb@o%gé%ﬁ% B{@?Ei-‘i&rﬂﬁﬁﬁ"&gi@ PRiiets ke ampaigally

treated with antibiotics of is broad-spectrum antimicrobial activities prior to@;dégt%i%% cific
pathogens as $HyASEIEp i freatAREANIhIAl AR SR Torat aaitg REUCIRD rbidRg. SFHerargr ,?géi%% as
potential antimigeahiak agentst farrcmbatingubiaiiidinfedivns mdst béyatlextaikit bothrbactére-and
fungi. The MICs of peptides and cationic peptide nangparticle yat inst Bacillus subtilis
(gram-positive“B}:‘t%?gr@’tﬁ)‘,ﬂ&tgihafcﬁ'gf%rﬁb_i%’g1 s? r(a'i/eaesf)ﬁar{?éj1 é%(’:’%}%%%yz%%’ g\g%%%n%%ngus% The
nanoparticles exhibitecidsothr aveipaictetiaffafd A0 ingeraBerifeSpesiauh batvNtores10)7 119.8 and

11.0 tiM againgt,Bagillys subiilis. Candida albicaras-and Riashyheirvseiatarinspresaectively (See
Figs. 6 and 7). G3TAT had a low antimicrobial activity and.ifs MIC a 'rgF t Bacillus gubtili .Epd :
Candida éﬂbic&h@%%%b}@]&ﬁdazé%WWPP@%&&E%W@W&%.%??%H%i i§ it EEiHe ‘%%%‘”f%he% to TAT
(i.e. 25 G3R6 AT Bignifieasitha veaUoes AN T2 C:Hearite2880ikts. 408, GephpécmBacillers Sdbtifis and
Candida albicang respectively) (Fig, 9). I 0 ' ide: pRsit] harges
since the MIC‘&%@E&%@%’S&%&t‘@a%’ﬁISg Q%l@%ﬁ%ﬁ%ﬁ%ggﬁg‘%@%g? r%%%%ﬁlé%%% Ttﬁlfr?c that of
G3116TAT (24pberissl #5atiN pEdigad 0)siedns drrariaing: wopery-dritenridssepigy & 8k in inhibiting
the growth of minO%%ﬁﬁﬁ%ltE@a@t@é@}i%ﬁkéi@isT plideD3REaipRG ehbasgadiisantipiarobtal activity

(MIC: 75.0 vs. > 444.4 p.M) (Fig. 11). Haowever,.the MIC of G3R6TAT was,still much higher than that of
the nanoﬁértic‘l’é%agéﬂf’f’&%@?nwgm%ﬂ}? SN BITH I pep it I%V%Qe?g% B%o%nes Srration of
core/shell nanagastislasentmnced theaasttimicrdbiakabitityrbidite pbptidercrasuititng & lpwWertiICs. In
addition, the nanapartigles Were RPCR HRAIR PRI THHR: L ARPBIOAFB RORA HEICRARAR(00AE92
fungi. The ‘MICS of peptides and cationic peptide nanoparticles were evalnated against
Bacillus subtilis (gram-positive bacterium), Candida albicans (yeast) and Stachybotrys
2 chartarum (fungus). The -nanoparticles exhibited both antibacterial and antifungal
activities, and their MIC was 10.7, 10.8 and 11.0 pM against Bacillus subtilis, Candida
albicans and Stachybotrys chariarum respectively (See Figs. 6 and 7). GsTAT had a low
antimicrobial activity and its MIC against Bacillus subtilis and Candida albicans was
: 2_90!0 and 289.0 uM respectively (Fig. 8). Adding six arginine residues 'to TAT (Le.
25 | ‘G3R5TAT) significantly reduced MIC (290.0 and 289.0 vs. 75.0 uM for Bacillus subilis
and Candida albicans respectively) (Fig. 9). The presence of TAT did not merely provide
positive charges since the MIC bf GsR; against Bacillus subtilis and Candida albicans
was much higher than that of G3R¢TAT (242.0 vs. 75.0 uM) (Fig. 10). Cell-penetrating
property of TAT must play a role in inhibiting the growth of microbes, and the addition of
30 TAT to GsRs strongly enhanced its antimicrobial activity (MIC: 75.0 vs. > 444.4 pM)
tFig. 11). However, the MIC of G3R¢TAT was still much higher than that of the
nanoparticles self;assembled from the amphiphilic peptide (10.7 vs. 75.0 pM). The
formation of core/shell nanopa:ticles.‘enhanced the antimicrobial ability of the peptide,

resuiting in lower MICs. In addition, the nanoparticles were much more powerful in



18 inhibiting proliferation of Stachybotrys chartarum than the conventional antifungal agents such as
fluconazole and amphotericin B (MIC: 11.0 p.M vs. > 817.0 and > 54.0 p,M respectively) (Fig. 7C).
Moreover, the nanoparticles were also superior to the conventional antibiotics such as penicillin G and
doxycycline W RiAf¥gB&EEMus subtilis 5(MIC: 11.0 vs. 6720 and 13.5 uM r¥pEEfRIF P 12).

Next, morphological changes of Bacillus subtilis and {gandida albicans were investigated before and
after incubation with the nanopatrticles at lethal doses for- various periods of time. Untreated Bacillus
subtilis exhibited smooth surface (Fig. 2A1 and A2). In sharp contrast, the cell surface becarne

extremely roughhig#e @JrlcR ke ceide piniselir e dimeteand callidediamfassabsemved after
treatment with the nanpparticles of 13.0 for.9Q minutes (Fig. 2A3 and A4). The treatment,with the
nanoparticles %‘fcgé‘.‘@rb?r{\g}loﬂﬁzg@ il &Eggﬁ%%%mm%m”@fﬁdégﬁ |g‘f32%5§32‘ﬁea¥]§fr%a%%gg minicells
was also obsemspdciivBaEillisgsuBilis tréfseith the catiopicisksstiteesntibioticupesior Thethe :
nanoparticles pay haxe.f SRk SCHRRISILALASRN 28 Bl ARRIESkBanlse swatss die Uptake

of the nanoparticles into the cell wall via non-specific electrostatic interaction accelerated cell division,

causing thie fokMHtioh! iR AESPELBISTAEF hdfthe steric hindrance that the
nanoparticles provideskin thetelloseti acshiyel agfe Baifidingsleltctrostatenttéractivrdpe twern the
cationic peptides and tidoglycans of cell.wall. which,are made.fr ey rpating .(V- 20
acetylgIucosarlﬁ'l"r'f":(és’t;olgr?g'3 ?\1%5%%% m%?%r%r ic" g‘é?& lgj|jllr(|) %‘ﬁ# 523% S %?8@%%%]1%% %%/lég%lo%? %%p%é%%?é%%, might
inhibit cell walpssintisexisinheatiisiesticd aciiv s discoilsbGdrimeathibiese (ngetvémnditiedent

morphologicalighanges. (Giths2BllQBE kNumereusROBS- WA figenlesadhansBa nimmmieie Jonned on
the cell surfaces after treatment of nanoaprtjcles of 13.0 i.J.M for 30 minutes (Fig. 2B3). elll wall was

efficiently'tlisr THRECHS WA BYBM6HERLS et ePER poke %%é?%%ﬁﬁﬁf&%%%&h%’g BFtRRANiBition of
cell wall synthesis3(Bign2 B4 a0diBh)=A{RE0Mihates Athe Tihajodtynoimrettplastsdoagieetitits débris due

to osmotic 1ysig,(fid PRG0N AAGIOR.10.Ine gameticiais mRehaisMigysarvng iiiden of

cell-wall synthé&sis, the nanoparticles might permeate through the cytoplasmic membrane of both

organisms duenss theoprbsssned iof Soalud salatinAreg ederdth heratianis BERAY GRIRPBRectitPoration
and/or sinking +3ft MAdel{fehanm®b | hREemighitr JndcNpaeh bE dedoyionhen- sathargnin@zsich
antimicrobial peptides; Structures and mechanjsgu?s.of a(%i?on. Bioggimica et Big%%sfcago fo
Acta-BiorhemBTAIES 1755 4% 9 385 TR AR G57BeSP 4 RBEZH0RI00453 TE Y Further
study was congitatetisegard!aghé rmdlydist iy cectaiie tha cdiebatvenod i atiedebio o e alis sutts
nanopartiles i AURRISIEIO TR ANAPaIies ShAERIAN DRRNIG AGIVLURLAN wd

p.M (i.e.

concentrationsc?lr:]lg-. ). At'16.0 p.M mg/L), a concentration higher than the MIC, less than 20%

hemolysis was's#ssred WWgngRElsRBPaRtcldB ST BmpHYEERCiIthS MBS MBREFan 6%
hemolysis evepeatiagasentsatignsdoweaiianiisiMiKGe made from polymers of alternating N-

20 acetylglucosamine and N-acetylmuramic acid in P linkage, cross-linked by short peptide
stems, might inhibit cell wall synthesis, leading to osmotic lysis of cells. Candida
albicans underwent different morphological changes (Fig. 2Bl to B6). Numerous pores
with a size less than 50 nm were formed on the cell surfaces after treatment of
nanoaprticles of 13.0 uM for 30 minutes (Fig. 2B3). Ceil wall was efficiently disrupted

25 and protoplasts were exposed after 100 minutes because bf the inhibition of cell wall
synthesis (Fig. 2B4 and B5). At 200 minutes, the majority of protoplasts broke into debris
due to osmotic lysis (Fig. 2B6). In additibn to the osmotic lysis mechanism caused by the
inhibition of cell-wall synthesis, the nanoparticles might permeate through the
cytoplasmic membrane of both organisms due to the presence of TAT, destabilizing the

50  membrane based on the electroporation and/or sinking raft model (Chan, D. L., Prenner, E.
I & Vége_l, H. J. Tryptophan- and arginine-rich antimicrobial peptides: Structures and
mechanisms of action. Biochimica et Biophysica Acia-Biomembranes 1758, 1184-1202

(2006)).



T_o determine whether the nanopatrticles were able to cross the BBB, the distribution of FITC in
hippocampus brain sections of rats was observed at 4 hours after i.v. injection of FITC or FITC-loaded

nanoparticles. FITC was first loaded into CholG3R5TAT 10 nanoparticles. 0.35 m

L

of CholG312%FAFWeFedissolved in 1 mL of DMSO, which was dialyzed %%gﬁ%%

of FITC and 2 3 mg
P2 of DI water

for three days at 10C using a dialysis bag with a molggular weight cut-off of 1,000 Da. The external
water phase was replaced six times. FITC content was 5.3% in weight and the effective diameter of
FITCloaded nanoparticles was 356 nm. Naked FITC was unable to cross the BBB (Fig. 4A). In
Iscontrast, FITC-logdgdhétanaparisles sioseddtbe-BRBhpnotipalipduwerd wddngthbarioulef akineurons

(Fig. 48, white arigue. . In gonclusion, L has beendemansigated hat s Amaniablic pepide
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shell nanoparticles. These nanoparticles

possessed a bl@adbspeqmjmf%ntﬂ?ﬁc@@b‘?&ﬂﬁéﬁ?ﬁ%éﬁﬂqe@aré’feﬁfﬁzféri{% iHisibith g8 grofvth of
both bacteria (gram:pasitivel.aad noinitriow MiCvet ingucadgtativelwianwbameysisdindaddition,
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fIuorenylr_nethee(y@aﬂbﬂmﬂs(lawacﬂxapﬁﬁmmﬁ.using an Apex 396 peptide synthesizer (Aapptec, U.S.A.).
The peptide was asgembled on Fmac-Atg(PRN:Rink Amide-MBIRA foSiIR (S BCIRPGRSHSA ) at 0.1
Uble ethod.

mmol scale using a do coupling m

lefly, resin was reacted with 5 equivalents of amino

acids, 5 equ'ivaféiﬁbﬁa@@@gg@m@ﬁi@ sections of rats was observed at 4 hours after i.v. injection

14

of FITC -or FITC-loaded nanopartides. FITC was first loaded into CholGsR¢TAT
nanoparticles. 0.35 mg of FITC and 2.3 mg of CholG3R¢TAT were dissolved in I mL of
DMSO, which was dialyzed against 500 mL of DI water for three days at 10°C using a
dialysis bag with a molecular weight cut-off of 1,000 Da. The external water phase was
replaced six times. FITC content was 5.3% in weight and the effective diameter of FITC-
loaded nanoparticles was 356 nm. Naked FITC was unable to cross the BBB (Fig. 4A). In
contrast, FITC-loaded nanoparticles crossed the BBB, principally surrounding the nuclgi
of neurons (Fig. 4B, white arrows). | '

In conclusion, it has been demonstrated that the amphiphilic peptide CholG3R¢TAT
is able to self-assemble into cationic core/shell nanoparticles. These nanoparticles
possessed a broad spectrum of antimicrobial activities. They are efficient in inhibiting
growth of both bacteria (gram-positive) and fungi with low MIC yet induce relatively low
hemolysis. In addition, they are able to cross the BBB, providing a great potential in
treating brain infections. '

Example
Peptide synthesis.

GGGRRRRRRYGRKKRRORRR (GsR¢TAT) was synthesized according to the 9-
fluorenyimethoxycarbonyl (Fmoc) approach using an Apex 396 peptide synthesizer
(Aapptec, U.S.A.). The peptide was assembied on Fmoc-Arg(Pbf)-Rink Amide-MBHA

resin (LC Sciences, U.S.A.) at 0.1 mmo! scale using a double coupling method. Briefly,

resin was reacted with 5 equivalents of amino acids, 3 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
dimet11y1fom1amide (DMF, Sigma-Aldrich). After peptide synthesis, .cleavage of the

peptides from the resin was carried out with a mixture of trifluorcacetic acid (TFA,



30 benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP, LC Sciences,
U.S.A.) and 10 equivalents of base, N-methylmorpholine (N1VIM, Merk). The Frnoc group was
removed by gentle agitation in 20% of piperidine (Merk) in dimethylformamide (DMF, Simla-Aldrich).
After peptideE§ritHeLi@8feavage of the peptides from the resin was carridd &AM HMHkture of
trifluoroacetic acid (TFA, WO 2009/078820PCT/SG2@08/000492 Merk), triisopropylsilane (TIS, Merk)
and water in a volume ratio of 95:2.5:2.5 for 4-6 hours. The solution was concentrated by rotary
evaporation, followed by precipitation in cold diethyl ether (Sigma-Aldrich). The crude peptide was

collected by fllp@ n m&esgggg@r(v@@umgagdcwgﬂ@f pgratrdﬁw&&ﬁu'ﬁlw pupifienl usingdigh
performance %Ilqwd ch tographél

éHPLCt/)f 0%55 ofaW ters aabmpe m @g er, a Waters
996 PDA detefSFF Wik %‘8?}38’?&6’ NS % AV LA IO . The

mobile phase wéé diathpbseéetrof Sigter SbirtehninGe. I%dEFp@midd a@étéﬂliﬁﬂéﬂédmaﬁﬁirﬁglml%d'r FA, and
the volume pefgentage.phacsanrieasaraduall inaensed Tom A% AR a flow

rate of 8 mL/min. The peptide was characterized io by analytical reverse phase "HPLC and

matrix-assistediaaikrligessipasRts (EREGH 6P1TEBEMEAt AKIAL? O R S L eME o SRF R utoflex
I, Bruker Daltrgygigs) AFdgid): Fhg:auidypbrepide was fathd Grae abiust Of%vaeeardiog28HPLC

anaIyS|s Chol : ngf@-ruvcﬁ’ obtained b% raféln chgleste lchlo {quﬁt éof(f ?T.ﬁ;rT via the

N-terminus of & Stoformate igma- |dI’ICF’| ﬂ ssolve DIVE'
was slowly addeaidaiBaiL1té DM sohthinindune W@@Wﬁm@(@ﬁ@ld@sﬁm@hﬁ@éﬁ@@ﬁwTAT at

0C with stirring, Aftey; 24 heuirs, obreactien DM wasd emewac famriae, pyxders Ly-Rataing Ay nitrogen

gas, and the mixture was then rinsed with diethyl ether for. three times to remove unreacted cholesteryl
chlorofomifnte DY R8I FrodscPifse ﬁﬁ%?‘b‘gﬁﬁéﬁxb%fﬂ%wg@% RSP EOREFE Qrﬂgégrﬁfémg a 20
membrane WItbf&i@l@dQMb&ME@H)Cﬂh@ﬁfs@Edn@ﬁ&ﬁa(Mmﬁ MRenkeeniateddiys V@ELU3drying to

yied a final prdct, T Syseess i MRS PLCIPISRELATLAS R¥densar by MALDI-TOR anc

Chol G3R;,TAT was obtamed by grafting cholesteryl chioroformate onto Gs RﬁTAT

via fhe N-terminus of G. ChoIestezh'yl chloroformate (Sigma-Aldrich, 148 mg) dissolved in

s 15 mL of DMF was slowly added to 5 mL of DMF containing 70 pL of triethylamine

(Fluka) and 88 mg of GsR¢TAT at 6°C with stirring. After 24 hours of reaction, DMF was

removed from the mixture by purging dry nitrogen gas, and the mixture was then rinsed

with diethyl ether for three times to remove.unreacted cholesteryl chloroformate. The

crude ‘product was further purified by dialysis against DMF for six days using a

20 membrane with a molecular weight cut-off of 1,000 Da. DMF was then removed by

vacuum drying to yield a final prodﬁct. The successful synthesis of CholG;R¢TAT was

evidenced by MALDI-TOF and '"H-NMR analyses (See Figs. 13 and 14). '

Minimal inhibitory concentration (MIC) determination.

Bacillus subtilis, Candida albicans and Stachybotrys chartarum (ATCC) were

35 grown in iryptic 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 pM was placed into each well of G6-well

plates. 50 uL of microorganism solution was added to each well to give an optical density

30 reading of 0.1 to 0.2 at 600 nm. The cell cultures were then incubated for 15, 12/16 and

170 hours' for Bach’lﬁs subtilis, Candida albicans and Stachybotrys chartarum

respectively, and the MIC was taken at the concentration at which 1o grou&h was

observed. Broth containing cells alone was used as control. The tests were repeated three

tinmes.



Minimal inhibitory concentration (MIC) determination. Bacillus subtilis, Candida cdbicans and
Stachybouys chartarum (ATCC) were 25 grown in tryptic soy broth at 37C, yeast mold broth at 24C
and tryptic soy broth at 26C, respectively. The MICs of the peptides or peptide nanoparticles were
measured usthg XBe® Hicrodilution method. Briefly, 50 1iL of peptide arftf pESHILERAHSparticle
solutions with a concentration of 7.1 to 142 tiM was placed into each well of 96-well plates. 50 RI., of
microorganism solution was added to each well to give an optical density 30 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 albicapsape Slachybeinrssehaftaemmrespectively, and the MIC was taken at the ,
concentration at which no growth was observed. Broth containing cells alone was.used as gontrol. The
tests were repeate %"’i@é"ﬁ’kﬁégi?ﬂ/ é&iﬁ%s’f&ﬁ??‘?}g? 8@2@%@%%%%%&% e?t?(])%r% |
microscopy (SEMinent Fhie pepridhelogieytidthepaptiddalanopastistsecdndinticrdirghaigikdefore and

after treatmengwith pepfides\pr-Repsfsnanoparticles uete ahsaryedising @ field emissignBEM
(JEOL JSM-7400F) operated at an accelerating voltage of 5.0 keV. For peﬁet)lde,S nanoparticles, 20 pi

of the nanbparERPaBIckEsN AN Ad-HESSIERORSTIS TRVATAR WAt RiAceRian ASHis efdtufE" The
wafer was mogrtetho st MinpeRstd, BirthibRh teatedunttl pathuninion wsdakzdtiban codlke
microorganisms grown in b£oth.a§£e or incubated with peptides or peptide nanoaprticles were
harvested by %Pﬁrﬁ%ﬁgﬁﬁnn (4 ﬁaf%?nlo minutes. Cells were washed with phosphate-buffered
saline (PBS) for thréadimésamgithensfigeaviniR B doateising By bermdadthyetideone Bfidthe cells
were further washed with Dl water befare eing.Aghysistedusing 2 series shathanatuastes and
dried in a critical %oint dryer (Autosamdri-815, Tousimis Research CorpOé%iog‘, l;fé.).a&% ounted
onto alumfnun$aehed. e shesphateeiiered Selipfith ét%ﬁﬁo?’fﬁ% A8 1BHémolysis
assays. Freshuatiredsbloasselishwer&owashddywiihdP &S fordhr éetimesaded witbfPédvbiaod cells
suspended in PBS (4% in volume) was. placed in e Il of 96-well pl : ptide
nanoparticle ogeg?ﬁ%ﬁbg%ﬁc\cﬁﬁ gs}%%%%gﬁl%a% Sa?&éd%%%%ﬁv%%%#e&%@ﬁg% li#c%%%t%fgﬂf%r one
hour at 37C. Theece(PstispandioBbSwdieusiiisn defearsd) &ﬁ@ﬁ’t@éﬁlzép 10004 SRS HiFTURIEC Aliquots
(100 JAL) of spipernatantweredransisedde 96awelhniatas:iAnd hesegkiNndelaase was monitored at

576 nm using a microplate reader (BioTeck Instruments, Inc). Percentage of hemolysis was calculated
using the*follo ) 2 emolysis (%) = [(0.D.5760m in the nanoparticle solution-O.D.576nm an
PBS)/(013-576nin if@sk¥eTetor o6dl@is Ocbr. 5726hed iniBBB) fkGbree times. 100 uL of red blood

cells suspended in PBS (4% in volume) was placed in each well of 96-well plates and 100

uL of peptide nanoparticle or amphotericin B solution was added to each well. The plates
were incubated for one hour at 37°C. The cell suspensions were taken out and centrifuged

20 at 1000g for 5 minutes. Aliquots (100 pL) of supernatant were transferred fo 96-well
plates, and hemoglobin release was monitored at 576 nm using a microplate reader (Blo-
Teck Instruments, Inc). Percentage of hemolysis was calculated using the following
formula: Hemolysis (%) = [(O.D.synm in the nanoparticle solution-O.D.s7%nm In
PBSY/(O.D.576am in 0.1% Triton X-100 — O.D.576nm in PBS)]XI_OO.

25 Invivo studies,

All procedures involving animals were approved by the DSO IACUC committee
and performed according to the guidelines set forth in the National Institutes of Health
Guide for the Care and Use of Laboratory Anirnals (NIH Publications NO. 85-23, revised
1996). SD adult rats (250 g in weight) of 10 weeks old were injected with pure FITC or

30 FITC-loaded nanoparticle solution vig tail vein. Animals were sacrificed at 4 h post-
injection. "fhey were perfused v;rith Ringer's solution, followed by 4% paraformaldehyde
(pH 7.4). Foilowing‘ the perfusion, the brains were removed and kept in a similar fixative for
2 h. They were then kept in 0.1M phosphate buffer coqtaining 20% sﬁcrose overnight at

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



25In vivo studies. All procedures involving animals were approved by the DSO IACUC committee
and performed according to the guidelines set forth in the National Institutes of Health Guide for the
Care and Use of Laboratory Animals (NIH Publications NO. 85-23, revised 1996). SD adult rats (250 g
in weight) of ¥& #&RE8% were injected with pure FITC or 30 FITC-loadedNErGHE# & Eolution via
tail vein. Animals were sacrificed at 4 h post-injectionp They were perfiised with Ringer's solution,
followed by 4% parafonnaldehyde (pH 7.4). Following the perfusion, 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 46R koA eetRnalsactens:af &h&lﬁﬁ"@Hﬂwmg&ﬁﬂmsnﬂhﬁbbma&avéiwtmnﬁ@hsed in
WO 2009/078820PCT/S 8/0 492 P cryostat and mounted on slides. The specimens
were observe @t &% i’@g 88E5e ;US Fluoview TM1000). 23 Claims: 1.An amphiphilic
antimicrobial compound comprlsmg a protein transduction domain;  a cationic oligopeptide group
coupled through its C terminus to the protein transduction domain;  a spacer group comprising
uncharged peptide residues, said spacer group being coupled through its C terminus to the N terminus
of the catibnic oligopeptide group; and



a hydrophobic group coupled to the N terminus of the spacer group, said hydrophobic group being
such that the amphiphilic antimicrobial compoun nitghcapable of forming micelles in an aqueous matrix.
2. The antimicrobial compound of claim 1 whereirn"the cationic oligopeptide group comprises arginine
residues and/or lysine residues. 3. The antimicrobial compound of claim 1 or claim 2 wherein the
cationic oliggpgpiide group is between 5 and 35 peptide units in length. 4. The antimicrobial
compound of any gne of glgimg hic3iwhetinthe ArisipJARsIMeHea.gemain is a terminal domain.
5. The antimicrobial compound of any one of claims 1 to 4 wherein the protein transduction domain is
TAT (YGRICKRRORFRfE: tragsdpgosdfiaiebial compound of any one of claims 1 to 5 wherein the
cationic oligopeptige-afouR: AP é0ahaude ainarangiofnaginngeiRUBSthe plotthe
antimicrobial compound of any one of claims 1 to 6 wherein the cationic oligopeptide group is R6 and
the spacer (FUtIYSHER dOMEBhe antimicrobial compound of any one of claims 1 to 7 wherein the

hydrophobic groupisgaéet o640 @ravE Kha hyﬂ{@@&abjﬁbﬂﬂﬁegfﬁda@e palyRiRker gBouphe

antimicrobi com ound.o an ne o{ %%lnrnguisl H}e e|n the h(}/fdt_rh Qa(%PIC rqup com [cises a
steroid grof}f) cﬁlp}?%ie |cro ial compound 0 ereln SE16i |§’|s a cholesteryl

group. 24 grdih; khé antlmlcroblal compound of any one of clalms 1 to 10 which is CholG3R6TAT,
wherein Chol represgils 3£ SRIN AR E THT FRESEAR YERKKERERER, said
hydrophobic group being such that the amphiphilic antimicrobial compound is
capable of forming micelles in an agueous matrix.
2. The antimicrobial compound of claim 1 wherein the cationic
oligopeptide group comprises arginine residues and/or lysine residues.
! The antimicrobial compound of claim 1 or claim 2 wherein the cationic
oligopeptide group is between 5 and 35 peptide units in length.
4. The antimicrobial compound of any one of claims 1 to 3 wherein the
protein transduction domain is a terminal domain.
5. The antimicrobial compound of any one of claims 1 to 4 wherein the
protein transduction domain is TAT (YGRKKRRQRRR).
6. The antimicrobial compound of any one of claims 1 to 5 wherein the
cationic oligopeptide group has from 2 to about 15 lysine and/or arginine groups.
| 7. The antimicrobial compound of any one of claims 1 to 6 wherein the
cationic oligopeptide group is R¢ and the spacer group is Ga.
8. The antimicrobial compound of any one of claims 1 to 7 wherein the
hydrophobic group is a C4 to C40 group or a hydrophobic biodegradable polymer.
9. . The antimicrobial compound of any one of claims 1 to 8 wherein the
hydrophobic group comprises a steroid group.
10. - The antimicrobial compound of claim 9 wherein the steroid group is a

cholesteryl group.



12. The antimicrobial compound of any one of claims 1 to 11, said compound being in the form of
micelles or nanoparticles.  13. The antimicrobial compound of claim 12 wherein the micelles or
nanoparticles have a mean diameter of about 10043 about 700nm.  14. The antimicrobial compound
of any one of claims 1 to 13, said compound having a MIC against each of Bacillus subtilis, Candida

albicans and Stachybotry Jes o) icrompolat 15, [ s.for making
an amphiphilic antti]r}rliicrob%?%%%%%%gcﬁgﬁgﬁgaﬁﬁga §fg cﬁir%%liﬁoll% g‘g?mﬁcésés
comprising édpfingd Hyldrapisetic Ebalpoumiesenta spebidestaysipeisin androfdid traprsdertion domain,
a cationic oligejpapRaR @RKRR coupled through its C terminus to the protein transduction domain, and a
spacer group comprising uncharged peptide residues, said spacer group being coupled through its C

terminus to the N términud & thEEHEEHRbIRsBRRYIE ofodp! ona @ITHéprschs® of blairdl5 wherein

said coupling£RFARHSSsiHRAG!IAY Mg%gpﬁgﬁggmp&ith the N-terminus of spacer group or
with a functional group in the species. . . 17. The process of claim 15 or claim 16 wherein the

hydrophobic compdund is Qb ABGHGERE RS EemPoUns! Phechigtels SHsHIbIBOIAISHHS 15 o 17

additionally eenspesioiihesiemebdisheisisodhshantinicrobipbeonopasnd in water so as to form
nanoparticles or igelles %the antimicg)gti:al com?poand in the water, _19. The ess of claim 18
aticies & somprs

pro (
wherein the nanoparticles F niicaNBE 8%éh ESHP aPSpRBBICEFE R rduiidd by %hydrophilic
shell and theprgeess dowipgse MidCongenatingponedrinaibsherapltiCagils abictne enade of the

nanopartileg, ory oSy A PENeRLICKIIngsmictogrgapisms comprising exposing said
microorganisms to an“antimicrobial compound according to any one of claims 1 to 14. 21. The
method of claim 205wherefn theenisroryamismgarmsetecisgiben twigiowgbednsistingwfibacteria,
yeast and fupausiand [ixiies.of iy e all of these,;d5,r.c2& The Mmeiigd alaiim 70 or claim
21 wherein the co%gntratio_{r,leof the antimicrobial com’po?jlnd }géo\fvhich theﬁgln(:slcrgofga%sr%]s%s exposed
is less than BEéivrkstisicompsard to a species comprising a protein transduction domain, a

cationic oligopeptide group coupled through its C terminus to the protein transduction
domain, and a spacer group comprising uncharged peptide residues, said spacer group
beiﬁg coupled through its C terminus to the N terminus of the cationic oligopeptide
group.

16. The process of claim 15 wherein said coupling comprises reacting the
hydrophobic compound with the N-terminus of spacer group or with a functional
group in the species.

17. The process of claim 15 or claim 16 wherein the hydrophobic
compound is a haloformate ester. '

18. The prdcess of any one of élaims 15 to 17 additionally comprising the
step of dispersing the antimicrobial compound in water so as to form nanoparticles or
micelles of the antimicrobial compound in the water. |

19. The process of claim 18 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.

20. A method for killing microorganisms comprising exposing said

* microorganisms to an antimicrobial compound according to any one of claims 1 to 14.

21. The method of claim 20 wherein the microorganisms are selected from

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

these.



23. Use of an antimicrobial compound according to any one of claims | to 14 for the manufacture of a
medicament for the treatment of an infection in a subject, said antimicrobial compound being effective
in treatment of said infection.  24. Use accordlnéslo claim 23 wherein said infection is an infection of
the brain of the subject. ~ 25. Use of an antimicrobial compound according to any one of claims 1 to
I TRy i 1 o yTREe composionsamerisiuaan apInicialal femRgRd according
to any one of claims 1 to 14 together with one or more armaceutlc ally accept e carriers, diluents
and/or adju\attigiicrolpgl mpmm@@nkﬁ@mmgwm&tawﬁWWHeﬂem then aharithobial
compound isjp.the fepm of nanoparticles or micelles in an aqueous matrix.  28. The pharmaceutical
composition of claim 27 wherein the nanoparticles or micelles each comprise a hydrophobic core
surrounded by a AirophilissRERRARIEHETBPIHGTRIRBIAP GHerdeie anE preSlaimpd &ores of the

nanoparticlesofmicetetufacture of a medicament for the treatment of an infection in a subject,
said antimicrobial compound being effective in freatment of said infection.
24, Use according to claim 23 wherein said infection is an infection of the

brain of the subject.

25. . Use of an antimicrobial compound according to any one of claims 1 to
14 in therapy.
- 26. A pharmaceutical composition comprising an antimicrobial compound

according to any one of claims 1 to 14 together with one or more pharmaceutically
acceptable carriers, diluents and/or adjuvants.

27. The pharmaceutical composition of claim 26 wherein the antimicrobial
compound is in the form of nanoparticles or micelles in an aqueous matrix.

28. The pharmaceutical composition of claim 27 wherein the nanoparticles
or micelles each comprise a hydrophobic core surrounded by a hydrophilic shell and
one or more therapeutic agents are present in the cores of the nanopartlcles or

mlcelies



