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MULTI MERI C FORMS OF ANTI M CROBI AL PEPTI DES Fi el d of
the invention The present invention relates to novel

woriovitsesng ¢ forns of peptides with antim crobi BET/SG2009/000144

properties. The invention also relates to nethods of
maki ng these nmultiners. The invention relates to the
use of these multiners forlinhibiti ng the growh of a
broad spectrum of m croorgani snms. The invention
MUl HRESIC FORISDE ANEIRERGBIAIPEOTIES] Ng t hese
peptides. Backgr oumnd the tnvention Defensins are
cationic antim crobial peptides and are conponents of
Field loé theningeptiommune system In hunans, the al pha
def ensins are produced by neutrophils or the Paneth

cells of. the.i ' il e. i
Theg Peird dneeiias) "ERtashdp; A Al ctlimii Jemie o, BEBRIES Wath
antiﬁg’&g?i’aﬂl md}fe\,gﬂiesﬂ'ﬂhédhi/@?tjm alge rélatss mgaetsdsgfanaking these

i_ve an ram [ '
Sl e e oo pos e, Back 1, gt 400k B e
; . g ay
aro B B BB P ey 1

contpusitipestdoduwisigptresetpefiidesnportant in its interaction
and di sruption of the mcrobial cell wall and cell

<

menbrane. Several studies suggest that full Iength
BacBfsd sFh&wen®bm di mers at a bacterial nmenbrane but
non-covalent forns (Hoover et al., 2000; Hoover et

al ., 2001 Schibili et al., 20 and, one st ud
Defanijhesare CAMENIAI HEITISHRRBh PRRYIS FREL Shn TR GSRETS ©f the
: 0 S [ , ,
mn%’tr[eo@zrﬁwgssyésg?rﬁpcm RRaRs, He alpiPHeferdme e, pidieced by
neutrophils or the Paneth cells of the intestinal tract while the beta defensins
are produced by epithelial cells. Defensins have broad spectrum anti-microbial
properties against gram negative and gram positive bacteria, some fungi as

well as enveloped viruses.

The exact mechanism for the anti-microbial properties is not completely
understood but the hydrophobicity and the net positive charge of the peptides
appear to be important in its interaction and disruption of the microbial cell wall

and cell membrane.

Several studies suggest that full length defensins may form dimers at a -
bacterial membrane but non-covalent forms (Hoover et al., 2000; Hoover et al.,
2001 Schibili et al., 2002) and one study suggests that dimerisation may affect
antimicrobial properties (Campopiano et al., 2004). However, the properties of

these dimers were not studied or characterised in detail.

The development of antibiotic resistance is a challenge in the development of
antibiotics. Although the antimicrobial activity of defensins is not- completely
understood, the possible mode of action of defensins suggests that microbial

resistance may develop very slowly or minimally and the potential of using
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t hese diners were not studied or characterised in
detail. The devel opnent of antibiotic resistance is a
webablizrsge i n the devel opnent of antibiotics. PCT/bGUYN000144

the antim crobial activity of defensins is not

conpl etely understood, the possible node of action of

def ensi ns suggests that mi<€robial resistance may

devel opfvery slowy or minimally and the potential of

. . |

aerafR0EE DRI PPISRLE | Thdele, BRI the aiso known
to hagettogielty so Host belts, nigclodimyarnaenmalin selshwbichneaay| linait their

t.heir applj.cation as antimcrobials. It is therefore
appHeRidy é”{'@"‘tﬂ%bl'é‘sop new peptide derivatives of

defensins wth high antimcrobial activity and | ow

It ishPeteord debPabIE tbYdeVvelbPTREW Béptideedenvativiesast défensins with
present invention relates to isolated nultiners

highispiimisiobiabastivitpandde® host kell taxicityhBD3 (SEQ 1D NO 1)
G | NTLQKYYCRVRGGRCAVL SCLPKEEQ GKCSTRGRKCCRRKK

Sumﬁ%%?\f QHF& iEQeﬁiJni rst aspect, the present invention
retates to an 1rsolated nultimer of defensin peptides
of formula (Un, wherein Uis a peptide conprising SEQ

Thel Ipelent idventien falatgadnisatrtedanultiners Herived frapphBDS (BEQ

D @Qﬂér[) NG 2
b NFLQKYYXRVRGGRXAVL SXLPKEEQN GKXSTRGRKXXRRZZ X
conprises any amno acid; Z conprises any am no acid
hBIOS (SR lpeNaksgnt . For exanple, Z may include but is

GINPLAKYY ERIRGGREAVIS CIBREE NI BRCETRGRKTORRKKO
particul ar, Z may be |ysine.

According to a first aspect, the present invention relates to an isolated

multimer of defensin peptides of formula (U), wherein U is a peptide

comprising SEQ ID NO: 2 or a fragment or variant thereof and n 2 2.

SEQ ID NO: 2
GINTLQKYYXRVRGGRXAVLSXLPKEEQIGKXSTRGRKXXRRZZ

X comprises any amino acid; Z comprises any amino acid or may be absent.
For example, Z may include but is not limited to lysine, ornithine or arginine. In

particular, Z may be lysine.

According to another aspect, the present invention relates to an isolated
multimer comprising at least two units of a peptide U, wherein the peptide U

comprises SEQ 1D NO: 2 or a fragment or variant theréof.

The peptide U is repeated in the multimer. In particular, the repeating peptides
U are linked together covalently. Further, the peptides U may be linked
together through at least one amino acid B. Each B may be an amino acid
having at least two amine groups. For example, each B may include but is not

limited to lysine, ornithine or arginine.
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According to another aspect, the present invention

relates to an isolated nultimer conprising at |east
wo nonsisys of a peptide U wherein the pepti dePdI/SG2009/000144

conprises SEQID NGO 2 or a fragnent or variant

thereof. The peptide Uis repeated in the nmultinmer. In

particul ar, the repeating beptides U are |inked

t oget her coval ently. Further, the peptides U nay be

TheE'g@ES@ﬂ%%ﬁL%e@ﬁ %rﬁqfrt]ﬂ%h%?b c#rﬁ/g@hltm& Qﬁ?@d?&ln@%dth@ present

ast “two ani ne
inve@tiod peay Eerar’gwmtje desextreBinéiO 26671{1&63921 i s not
limted to |ysine, ornithine or arginine. The repeating

uni t. or .the tj de in_an [ . '
ThegrasseRU beRein RRRBaraerle ser TEd sRBE SERLIP NG p The
fragfié IREF%e fimesBt brany leByth kelivee et 8EQ ID NO: 2.

rag rrents derived from SEQ | D NG 2. The fragnents
In pamquia;grﬂmr@p@ﬂeauwaér@mpr&@r SEQ 1P bR SEQT ® friggmen rmlyOf

ar ular, the peptide U nmay co SEQ I D NO 3

Var'SPt@'ef%af;nent or vari ant thereo%/ Sggrll ?)eNQ Q3

al NTLQ<YYXRVRGGRXAVLSXLPKEEQ GKXSTRGRKXXRR X

SEQd)IBgiOs%s any anino acid tide U of the

GlINTIL QKXY G@@X.AHL§W§QE SFBGIRWRRCOH.'}I ng

X cerpHASt ABY aﬁ%!ﬁ@@@' -the invention relates to an '
isolated nultinmer of fornmula (UnB 111 Zj wherein U

Thecpeptidesdof Smomutimer may hava & ehajasmf +Jriovit’- ant

t hereof, each B conprises at |east one am no acid
AccoedingUue arwthei aspertathd masotion relates to an isolated multimer -of

formula (U)nBmZ;, wherein U comprises SEQ ID NO: 3 or a fragment or variant
thereof, each B comprises at least one amino acid residue comprising at least
two amine groups, Z comprises any amino ajcid, nz2, m=1andj=0. B may
comprise an amino acid having at least two amine groups. sin particular, each

B includes but is not limited to lysine, ornithine or arginine.

According to one aspect of the invention, the B and Z in (U)nBmZ; may both
comprise lysine (K) and the formula may be expressed as (U)aKnK;. According
to a further aspect, m may also equal the number n-1 and j may equal to 1 and
the formula of the multimer may be expressed as (U)Kn1K (or (UK)n. The
peptide U in (U)aKnK; or (U)sKn-1K may comprise SEQ ID NO: 3 or a fragment

or variant thereof.

The multimer(s) of the invention may be linear or branched. If the multimer
(U),is linear, the peptide U repeated n times may comprise SEQ ID NO: 2 or
any fragment or variant of SEQ D NO: 2.

For a branched multimer, for example the multimer (U),BnZ;, the multimer may

be branched at the terminal ByZ; residues.
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two am ne groups, Z conprises any amino acid, n 2, m
1 and j > 0. B may conprise an am no acid having at

WO e@sfti3tswd ani ne groups sin particular, each BPCTIEG2002800144
but is not limted to |lysine, ornithine or arginine.
According to one aspect of the invention, the B and Z
in (UnBngZ nmay both corrpri%e l'ysine (K) and the
formul a may be expressed as (U nKnKj. According to a

Théufﬁdﬁﬁheﬁssl‘é%%rdlﬁﬁ BY 1l ?FN h‘ﬁ’l' %lﬁ d&%fsre %P}nﬁg%ygr of

equal to 1 and the for
remq@nlm@ ofghe Peptide U. IEo(r@D(a(rm@ ntheTheltipeptrhale cbhpfise 2 to

T e SR R .

be iandiaelrj Wimarietenén, peatantdr, héi‘é‘ﬁ\'é?qweﬂtémbp eodi'é’tlnéf 'H%fnamer
t he pepti de U repeated n t'i mes

| i near
a”‘&g’?‘?ﬁﬁlﬁieé | bEeartisukan N2may benanfevegnewnber. Mare anpadfcular n

i e SRR BN e 8GR B0

termnal BnZj residues. The nmultinmers according to the
Furithefe ey mingyacid mesidse ofitlye mutteer ofiay epeatis@@nuanird acid

ha\ﬁrfl e{rllelgzgggtobg argtecﬁl%og%glgpl Eﬂ?e%@nﬁ@ % gogprise

BO¢ fﬁlﬂpﬁnioaﬂ@b%r &y ofiRdr profeeting lgrbu®r may be a dimer,
trimer, tetraner, pentamer, hexaner, heptaner,

onanger and decamar In part| cular, n may be
The i EIERN 1B 4P 2tatb o) H(t PLRIGRAING Aflpasbape mltiaey of
thewWdiftionst arting from 2 and increasing in nultiples of
2 Further, any ami no acid residue of the nultinmer may
nprise an amno acid having at |east one protecting

Acc@rgl@gly, The p’w@pg@m i ielptgs dops mathednyfr prapaing, aBleast one
mufifRéG-off8im@k (@Y wiehh PiLh Behil8 ShPtRing SEQ ID NO: 2 or a
fragment or variant thereof, the method comprising linking at least two units of

U together.

The multimer(s) of the invention may also be produced by recombinant DNA
technology. Any part or the whole of the multimer(s) of the invention may be
produced by recombinant DNA technology. For example, the peptide
monomers may be synthesised separately by recombinant DNA methods and
then linked together to form multimers by chemical methods.

Accordingly, the present invention also relates to an isolated nucleic acid
molecule encoding any part of or the whole of the multimer(s) of the invention.
The nucleic acid molecule(s) may be inserted into a vector. Further, either the
nucleic acid molecule(s) or the vector comprising the nucleic acid molecule(s)
may be introduced into a host cell for expressing any part of or the whole of

the multimer(s) of the invention.
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The invention also relates to a nethod of preparing at
| east one nultinmer of the invention. Accordingly, the

WO pwensises rel ates to a nethod of preparing atPCES62009/000144
one multimer of formula (Uyn, wherein Uis a peptide
conprising SEQID NO 2 or a fragnment or vari ant
t hereof, the nmethod conpri st ng linking at |east two
units of U together. The nmultimer(s) of the invention

. i tec \V .
TSRS B0 B
synthesiat Fonexamplee the wditreer(s)yofitee dmisniantm&NBe produced by a

I o F h ti : b
ol R PP L SpETENSPRs) PRBRE ohif MRAIGH: hoot. and
then |inked together to formmnultinmers by chemni cal

Thestverdion Aecaeltittgty a ineenddr 65 prdpdriigeat le@Bt 8h& nultimer of
d Unlecule encodi ng

relates tq an isolated nucl ei c_aci .
for %’H&ﬂ KQH?WBW%E» whereeU\gosnrrisse i@ IRUND: fear@iragmepher variant
n .| . e .S, .
therEVfE Relch"B, FOmpRtes S i, FRu°ErBliSinglBY 1951, two, amine
groaipb dZ womgrisies (sly aminbleeio/end or= 2 onpz fsamig % e nucl ei ¢

acid mol ecul e(s) jmy be.jntroduced into a host cell
f or DR BYIEIY ﬂ{:}'eéﬁglo%%?&'do%%ﬁe’the whol e of the
mul timer(s) of the invention. The nmultinmer(s) of the

i nv@ntomplinpeat lebsta thet arcsiacid 2 theveoliayprdeni cal

synthesis. For exanple, the nmultinmer(s) of the

I nventi on may, be produced, by a.solid phase peptide
syritNdiokihg Spisast RBEHRIGIsted ARIRGRsit fmduerBito the coupled
I N8t ARThRh&ia resiiates to a nethod of preparing at

| east one multimer of formula: (UnBnZ , wherein U

con‘Fri ses SE(% ID NO 3 or a fragment or variant
t heMdgeMoNighing Rigtastng gsoun{shipmdhadinged riasidlaty) at
| east two am ne .
(v) providing additional chain extension by linking protected amino acid

residues, according to the sequence of the peptide U in order from the
C-terminus to the N-terminus, wherein after each linking, the protecting

groups are removed for the next linking; and

(vi) terminating the linking of amino acid residues depending on the

number of residues to be added.

The protected amino acid B comprises at least two side chains protected by
protecting groups. In particular, each B includes but is not limited to lysine,
ornithine or arginine. The amino acid Z first coupled to the solid phase may

also be but is not limited to lysine, ornithine or arginine.

The method may be extended to produce further multimers. For example, the
extended method to produce further multimers further comprises, after step

(iv)

(iv)(a) linking further protected B residues to the linked B residue(s);
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groups, Z conprises any amno acid and n 2, m 1 and

j 0. (i) providing at |east one solid phase; (ii)
weowplisrsgs at | east a first amino acid Z to t hePGDBGZI09/000144

phase; (iii) linking at |east one protected am no acid

residue B to the coupled first amno acid residue;

(iv) renoving the protecti® group(s) fromthe |inked

B residue(s) (v) providing additional chain extension

(ol A BEREAE U RS s AEFPTHAS 1 °

C-termnus to the N-term nus, wherein after each

(iv)(@)neperfing $tep fiviiee @ndr(ly)@.oemps are rempved for the
next linking; and (vi) term nating the |inking of

; ' [+ j di ng on the nunber of
("’)@ﬁgﬁé}?"S%E‘géfegggzaﬂagﬁg protected amno acid B
conprises at |l east two side chains protected by
Thepmwltemterm@omecwplepehd qratthé cuinaber efaamirle Igﬂ@up&% Ebtlf the
sine, _ornithine r arﬁlnlne

”Ufaﬁ%f %f[ eI %%PPH&‘ BZEJ&%&OW%@%@ ySing KRS er ﬁﬁythmeséhe
ext@@déwhétﬁomﬁ‘ia)i bFBdlﬁ,‘é ﬂh%lthﬂé‘sﬂﬁcre%‘sm t#‘\' ﬁ‘)‘illtgﬂes of two from

ar gi_ni ne. may be extended
thefrieyipes nmnmerrrérrr@ mFBW@ﬁéﬂ@h@d frph‘eth@@t)éenmﬁ metiadiwilbbe

foub ety rdpepl UifufWo: iBFHRu HPO R0 ot ected B 1 eci dues

to the linked B residue(s); (iv)(b) renoving the
If Bpisargimirien (Rgwhighy( bas threm darhimeBymoaps dives pﬁ (anvihé Jroups

ancépg%%g)apﬂgg Sl Q).g) )ém)g %(,s])t)mul?mer f)o med Wl|| be a)t(rlgr)xer

The subsequent multlmers formed using arginine will increase in multiples of

three.

For each round of multimerisation, combinations of lysine or ornithine with
arginine or vice versa may be used for B, and multimers with different number

of repeating units may be produced.

Following completion of the synthesis of the multimer, the multimer may be
released from the solid phase.

Brief description of the fiqures

Figure 1 illustrates the structures of the protected lysine residue Lys(Fmoc),
the V2 monomer and the V2 dimer. The lysine (K) residue in bold shows the
position which Lys(Fmoc) were incorporated during the synthesis.

Figure 2 illustrates the synthesis of the V2 dimer by solid-phase peptide
synthesis (SPPS).

Step (i) illustrates the removal of protecting group using 20% piperidine in
DMF (N,N-Dimethylformamide).



10

15

20

25

The multinmers fornmed depend on the nunber of am ne
groups in B. If the nunber of am ne groups in Bis

wo dm9/1316u8 exanpl e in lysine (K) or ornithine, PE¢ESG2009/000144
ext ended net hod nay produce nmultinmers increasing in
multiples of two fromthe previous nultimer. The
multimers formed fromthe &tended nethod will be
four, eight, sixteen, thirty-two, sixty-four and so

Ste?ﬂt“\-l&i)i}flllﬁsﬂréte@ %é"@&uélﬁgs 25 Porﬁbaswhﬁré o 589U YRR 1 -

mary am ne one secondary am n
bengaitalxol- 1-lyt}~(dlmeihylammo)rmthylenapdl-melthylmetrmrtammum), 0.5

v OB HERT e Rhe Patiagls. ¢ B BEEARDIS SR eudamtie) in nmap
(N-FABthYIpRfrolddnepn, conbi nations of | y3| ne or ornithine
Wi th arginine or vice versa may be used for B, and

s with different nunber of repeating units may

Fmt&?é(LryrSgE ficcuplath e dog riymesnfﬁsectueohoandttﬁeth@mm@SSf]emf(l) is
t
replsafd Tuid Hefning NEGidee [RPArein 2f1cE8 GR3EH LERE (17 4

illustrates the structures of the protected |ysine
Stepedi) diustiajes Fhaio)extengionZomprising smnydeseoﬂ/spmwm 0.5M

i RlBE BEAY5 A Ral P bR 5 B of e

V2slyméhesis. Figure 2 illustrates the synthesis of the
V2 di mer by solid-phase peptide synthesis (SPPS). Step

R e e e
usi@Bi%eidll\dﬁaw E:%%g}t?%}tg%z TPUP(tifldorogBefid BRI W50 Jorerddl, 1.5%
water, 1.0% T[S (triisopropyl S|Iane) 2.5% EDT (ethane dithiol).

RGRKVVRR (SEQ ID NO: 44) is the repeated in the dimer.

Figure 3 illustrates that the SPPS method can be used to form multimers
increasing in muliples of 2. For example, dimers, tetramers, octamers and
further multimers wherein the number of monomer units increases in multples
of two may be produced. The lysine (K) residue in bold italics shows the

position which Lys(Fmoc) were incorporated during the synthesis.
The sequences in Figure 3 are:

RGRKVVRRKK (SEQ ID NO: 45)

RGRKVVRR (SEQ ID NO: 46)

Figure 4 is a graph which illustrates that the V2 dimer does not show
cytotoxicity toward human conjunctival epithelial cells in comparison with
native hBD3. The results are from four independent experiments and data
points show the mean and standard deviations. The X axis indicates the

peptide concentration in pg/ml and the Y axis indicates the % cell viability.
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1-yl]-(di nmet hyl am no) net hyl ene) -/ V- net hyl r net hanami ni u
m, 0.5 MHOBT (N hydrozybenxotrial zole), 2 M DI EA

w@ Dovassuopl yet hyl ami ne) in NVP (N-net hyl pyr r oPCTISGBE)N9/000144
Frmoc(Lys) is coupled to the Iysine residue bound to
the resin. Step (i) is repeated. Two argi ni ne residues
(R are then added to each&hain. Step (iii)
illustrates chain extension conprising six cycles of

Figee3 ‘éﬂds?ra@eé tha W%E%&Y@c MetdORT/of WM 5'50% A its Grtempinus

i ncorporate the remainfng amno acld
pedides qn sabbitldrythroates t he cl eavage reaction to rel ease
the diner fromthe resin using the cl eavage agent

o Bl BB PBb e 5 AR o o
peritiglebastehutnahicohjuncRERIGARR:(SEQILD NO. 44) is the

repeated in the diner. Figure 3 illustrates that the

. SPPiJ[Te hg_gs can be used to formnultiners increasing
Fighie HiS&ﬂa ? exemplijcadion qiiaanetiqakeinrepating adieterodimer.
octaners and further nultinmers wherein the nunber of

The®e@uidicednh FigureGr &@ses in nul tples of two may be
produced. Tﬁgl ysine (K) residue in bold italics shows

the position which Lys(Fnbc) were incorporated during

RGRie/\FRt(8EQ P Nflid*equences in Figure 3 are:
RGRKWRRKK (SEQ I D NO 45) RGRKVWRR (SEQ I D NO 46)

RGRIGIVIRRY\ GEQ IHARY: 2y ch illustrates that the V2
- dimer does not show cytotoxicity toward human

conjunctival epithelial cells in conparison with
Figure "8 illustrates an exemplification of a method of preparing a -
heterotetramer.
The sequences in Figure 8 are:
RRVVKRGRK (SEQ ID NO: 58)
RGRKVVRR (SEQ ID NO: 44)
RGRKVVRRVV (SEQ ID NO: 46)

Figure 9 illustrates an exemplification of a method of preparing a

homogeneous tetramer.
Definitions

Where X is found in a peptide sequence or formula, X represents any amino
acid, including protected cysteine residues including but not limited to C(Acm),
C(But), C(Cam), C(t-Buthio), C(Bzl), C(4-MeO-Bzl) and C(Mmt).

Variant of a peptide or multimer refers to variations in a peptide sequence (of
the multimer) wherein one or more amino acids may be substituted with other
amino acids. The substitution is usually conservative, such as with amino
acids that has similar properties. The variant(s) generally maintain a net
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native hBD3. The results are from four independent

experinments and data points show the nean and standard
walewpasisems. The X axis indicates the peptide PCT/SG2009/000144

concentration in ng/mM and the Y axis indicates the %

cell viability.Figure 5 illustrates the haenolytic
effects of wt hBD3 and its9C terninus peptides on
rabbit erythrocytes. Figure 6 illustrates the

hCj ff | towiCat '
e e o e efantle) OFF SRl (e Fd B gooo
antirniguobéal propéries remddswanytateinipy.i fi cati on of a met hod of

preparing a heterodi ner. The sequences in Figure 7

A b S, Al eth A Al A9 kT gTole RETRopabtive

gropps pacdifigd awitieteey aicet hiiBdule, THE ré@aitee 2@dori prebat bﬁ%%ical

ar e: RGRK (SEQ I D NO 58) RGRKVWRR (SEQ I D NO 4
reaﬁ@%/é@&é(@ﬁ@j"{%rﬂgo- 46) Figure 9 illustrates an

exenplification of a method of preparing a honpgeneous
Dethfiéd 888&riptidRf dfthbiimsy¥here X is found in a peptide

sequence or fornufa, X represents any am no acid,

i ncludi ng protected cysteine residues including but

Accrsdingi ta taedirsto aspeetmthecpmisent  inggrttion relates Bat anholsplated
mullii?! br @éeMER Bebliad bk MMdia (U), wherein U is a peptide

comprising SEQ ID NO: 2 or a fragment or variant thereof and n = 2.

SEQ ID NO: 2
GIINTLQKYYXRVRGGRXAVLSXLPKEEQIGKXSTRGRKXXRRZZ

X may comprise any amino acid; Z comprises any amino acid or may be
absent. For example, Z may include but is not limited to lysine, ornithine or

arginine. In particular, Z may be lysine.

According to another aspect, the present invention provides an isolated
multimer comprising at least two units of a peptide U, wherein the peptide U

comprises SEQ ID NO: 2 or a fragment or variant thereof.

The peptide U is repeated in the multimer. In particular, the repeating peptides
U are linked together covalently. The peptides U may be linked together
through at least one amino acid B. B may comprise an amino acid having at
least two amine groups. For example, B may inciude but is not limited to

lysine, ornithine or arginine.

The repeating unit or the peptide U in any multimer according to the present
invention may be any peptide described in WO 2007/126392.

The peptide U may include peptide fragments derived from SEQ ID NO: 2. The
fragments may be fragments of any length derived from SEQ ID NO: 2. In



10

15

20

25

30

35

Variant of a peptide or nultimer refers to variations

in a peptide sequence (of the nmultiner) wherein one or
WO9PE1HAMSNo aci ds may be substituted with ot hdlCTAY20¢P/000144

acids. The substitution is usually conservative, such

as wWth amno acids that has simlar properties. The

variant(s) generally maint¥in a netcharge of + 1 to +

11. The variant(s) are generally active and have good

t

sarRE18 Ylc ) R ChERRBCSEAMCE KIS £y dvor o varant
themdofi ts reactive groups nodified wth an |nert

nDIecuIe to reduce and/or prevent chenical reactions
SEE“ ctlve group Det ai | ed description of the

L@(LWEF&!GS&@%%GRK&?( esent
chFh ?x@, é%ﬂ ° an

mul t1T ner of defensin
Thé3 é‘iE’t'ideSUQﬂ t%m: vela Eﬁ&%@%ﬁm% M4 i ant
nd

orrrula (U)n wherein Uis a peptide
er eof

Fuﬁér%%ﬁ%WW%Bﬁ%%%WNés@ 058 or

conprise any am no acl d; Z conprises any am no aci
fragragntow wisehtherot. exanpl e, Z may include but is not
Iirritedtolysine ornithine or arginine. In

ticul si ne. in to not her
SE§3E O el o vgg A "Eﬁ%ﬁgt%g” Jsol ated
%@W pep t| de U
X camprises anM@nyegta | Z pemRResaRY SR AOKC! maypeabsent
fragment or variant thereof. The peptide U IS repeated
SEQHDUN@ fUBBigrapeptide %Neidcf[ﬂrathQfﬁ@ teEPEWS) ng pept i des
YXRBVERGGRXARESXIIYSERBHCKXHRGRIKXRREZ pept | des U ma
X cbmplrnsag adly teogioplasid; Z comprises any amino acid or may be absent

SEQ ID NO: 6 (40 aa peptide derived from hBD3 C terminus)
LQKYYXRVRGGRXAVLSXLPKEEQIGKXSTRGRKXXRRZZ
X comprises any amino acid; Z comprises any amino acid or may:be absent.

SEQ ID NO: 7 (29 aa peptide derived from hBD3 C terminus)
RXAVLSXLPKEEQIGKXSTRGRKXXRRZZ
X comprises any amino acid; Z comprises any amino acid or may be absent.

SEQ ID NO: 8
KEEQIGKXSTRGRKXXRRZZ (20 aa peptlde derived from hBD3 C termmus)
X comprises any amino acid; Z comprises any amino acid or may be absent.

SEQ ID NO: 9
KXSTRGRKXXRRZZ (14 aa peptide derived from hBD3 C terminus)
X comprises any amino acid; Z comprises any amino acid or may be absent.

SEQ ID NO: 10 (19 aa peptide derived from hBD3 aa 8-26)
KYYXRVRGGRXAVLSXLPK
X comprises any amino acid

SEQ ID NO: 11
GIINTLQKYYXRVRGGR (17 aa peptide derived from hBD3 N-terminus)
X comprises any amino acid

SEQ ID NO: 12 (full length hBD3 derived peptide, C replaced with W)
GINTLQKYYWRVRGGRWAVLSWLPKEEQIGKWSTRGRKWWRRZZ
Z comprises any amino acid or may be absent.
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through at |east one amno acid B. B may conprise an

am no acid having at | east two am ne groups. For
wez@npsesgs B may include but is not linmted to PYBEBGEN9/000144

ornithine or arginine. The repeating unit or the

peptide U in any multiner accordl ng to the present

i nvention may be any peptilde described in

2007/ 126392. The peptide U rray i ncl ude pepti de

o i

Z cospprisesghemie 3ef Oéﬁ‘PaSt F‘Bt“j?Xt SEQ ID NO 3

o “.I;Q%W%%@F?P%?% & 52?@1&2

Zcqmerlmoanwemtmqmgtdfqnm% @8RpPt se any one of SEQID

NOs: 4 to58 or f t h
SEQ P NOa15 ﬁébtﬁf@;l 3&1}?2@@(? var| ant t e Q)I D NO
GlINMORVESEVRGCREMKEESL t ses any

chﬁﬁpmesaamyllanﬂtmauﬁrorsmay bﬁ)abaﬁn’fno aci d or rray be
absent. SEQ ID NO. 5 (36 aa peptide derived from hBD3

SE@IDN®@i 11 ¢l eRIRBERANRSKIPEFRUCCRASPRGRIDINRAY X

GlINTDIRKYYER ARG GRAAVLSALPKEEQIHHASTRERIARRAD aci d

Z cOnphSes gy ahtenbcidFronaPbbl@bséni. 40 aa peptide derived
fromhBD3 C term nus)

SEQ Y NORYRAGRNGBNEDERQ I EOGIRERKORRIRCed with C(Acm)

GIINTLQKYYC(Acm)RVRGGRC(Acm)C(Acm)VLSALPKEEQIGKC(Acm)STR

GRKC(Acm)C(Acm)RRZZ

Z comprises any amino acid or may be absent.

SEQ ID NO: 18 (full length hBD3 derived peptide, C replaced with C(But)

* GIINTLQKYYC(ButRVRGGRC (But)C(But)VLSALPKEEQIGKC (But)STRGRK

C(But)C(But)RRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 19 (full length hBD3 derived peptide, C replaced with C(t-Buthio)
GIINTLQKYYC(t—Buthlo)RVRGGRC(t—Buth|o)C(t-Buth|0)VLSALPKEEQIGKC(t—
Buthlo)STRGRKC(t—Buthlo)C(t-Buthlo)RRZZ

Z comprises any amino acid or may be absent

SEQ 1D NO: 20 (full length hBD3 derived peptide, C replaced with C(Bzl) .
GIINTLQKYYC(BZI)RVRGGRC(le)C(BzI)VLSALPKEEQlGKC(BzI)STRGRKC
(le)C(BzI)RRZZ

Z comprises any amino acid or may be absent

SEQ ID NO: 21 (full length hBD3 derived peptide, C replaced with C(4-MeBzl)
GIINTLQKYYC(4-MeBzl)RVRGGRC(4-MeBzl)C(4-
Mele)VLSALPKEEQIGKC(4 -MeBzl)STRGRKC(4-MeBzl)C(4-MeBzl)RRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 22 (full length hBD3 derived peptide, C replaced with C(4-MeOBzI)
GIINTLQKYYC(4-MeOBzl)RVRGGRC(4-MeOBzI)C(4-
MeOBzl)VLSALPKEEQIGKC(4-MeOBzI)STRGRKC(4-MeOBz|)C(4-
MeOBzl)RRZZ

Z comprises any amino acid or may be absent.

SEQ ID NO: 23 (fult length hBD3 derived peptide, C replaced with C(Mmt)
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X conprises any am no acid; Z conprises any amino acid
or may be absent. SEQ ID NO 7 (29 aa peptide derived

WO e@siihiBB8 C tern nus) RXAVLSXLPKEEQ GKXSTRGRKIXPSZA0X000144
conprises any amno acid; Z conprises any amno acid
or may be absent. SEQ I D NO. 8 KEEQ GKXSTRGRKXXRRZZ
(20 aa peptide derived frof®hBD3 C terni nus) X .
conprises any am no acid; Z conprises any am no acid

GIINTLWY‘P MFh“t fraﬁ%@&m@(pﬁnﬂﬁ%ﬁﬁgﬁ%s@ﬁ@%me
%ﬁgﬁg%% BRER bRy P aBRAY: 3o Geri ved f rom hems

SEQa|BNEE R4TOIMBNREHBBYBXVEY péptiegPC 'réS@céﬂ)ﬂvnﬁ*ﬂﬂn@@lﬂed C
GllML@@EQRDR@GRkk\@SMW@é&@ﬁ CRROGRREPL 1 d :

X cderiprised ¢ )h@@ﬁu{)Fb B’b }Bl (4@%‘?3 ng Bzl) or
C(»@Ciﬁfrtg %ﬂ% Xlgmrfdl Lid % E %eﬁ?” AN 'K??ﬁe,
Al NTL YYV\RVRGGRV\AVLSV\LPKEEQ GKWSTRGRKWARRZZ Z
SE6opNQeR5 ghBDénileniveatii0 au CvymidusafragnienSEQ ddpldéad with
anyl@m{iaatidD®ngt h hBD3 derived peptide, C replaced F) :
RGGK)M}R%XYFR\/RGGRFAVLSFLPKEEQ KFSTRGRKFFRRZZ Z

i
X RS oy SRR, e ShiEbsgRy FERLER.

SEQ ID NO: 26 (hBD3 derived 10 aa C-terminus fragment, C replaced.with W)
RGRKWWRRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 27 (hBD3 derived 10 aa C-terminus fragment, C replaced with F)
RGRKFFRRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 28 (hBD3 derived 10 aa C-termmus fragment, C replaced thh Y)
RGRKYYRRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 29 (hBD3 derived 10 aa C- termlnus fragment, C replaced with L)
RGRKLLRRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 30 (hBD3 derived 10 aa C-terminus fragment, C replaced with l)
RGRKIIRRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 31 (hBD3 derived 10 aa C-terminus fragment, C replaced with H)
RGRKHHRRZZ
Z comprises any amino acid or may be absent.

SEQ ID NO: 32 (hBD3 derived 10 aa C-terminus fragment, C replaced with
C(Acm), C(But), C(t-Buthio), C(Bzl), C(4-MeBzl), C(4-MeOBzl) or C(Mmt)..
RGRKXXRRZZ

X comprises C(Acm) C(But), C(t-Buthio), C(Bzl), C(4-MeBzl), C(4-MeOBzl) or-
C(Mmt); Z comprises any amino acid or may be absent.

SEQ ID NO: 33 (hBD3 derived 10 aa C-terminus fragment, C replaced with V)
RGRKVVRRZZ
Z comprises any amino acid or may be absent.
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45

G | NTLQOKYYYRVRGGRYAVLSYLPKEEQ GKYSTRGRKYYRRZZ Z

conpri ses any amno acid or may be absent. SEQ ID NO
wazoopfissks | engt h hBD3 deri ved peptide, C repl aRerSG20097000144

S) G | NTLQKYYSRVRGGRSAVLSSLPKEEQ GKSSTRGRKSSRRZZ Z

conprises any amno acid or_may be absent. SEQ ID NO

16 (full length hBD3 derivéd peptide, C replaced with

A) G | NTLQKYYARVRGGRAAVL SALPKEEQ GKASTRGRKAARRZZ Z

NG, ORI A B, 00
Z RISV RO FREFRY RFR350m VL SALPKEEQ GKO( ACm) S

SE ”9%6( (é Iﬁzg co ses an agc\i no arC| or ith-
e o TR S e o
R C( BUt SE‘(RV BUL ) C( BUt éVLSALPKEEQ GKC(BUL) S
X corepiiees By, BuBIRREL-Bulbimp Ki(Bek, GfyMaRzhe C4¢iMe@Bz)) or
C(M&})-be absent. SEQ ID NO 19 (full |ength hBD3 derived
eptide, Creplaced with C(;-Buthiﬂcg _
SE% th $§chBDRudeniverROREERDUS- BRptideopludiBgt termoindl 84, C.
repfagedquiixeny anBoe laciel) STRGRKC. (t - But hi 0) C( t - But hi 0) RRZZ
RGRIOOMBR ses any anmino acid or may be absent SEQ I D NO
20 (full lTength hBD3 derived peptide, C replaced with
SEQ E2INO: 37 (hBD3 derived C-terminus peptide excluding terminal KK, C
repﬁd@l&TWﬂﬁW@(\[@ZgA@\/R(IRC( BZI ) C( BZl') VLSALPKEEQ GKC( BZI ) S
RGRRGWIIRR

SEQ ID NO: 38 (hBD3 derived C-terminus peptide excluding terminal KK, C-
replaced with F)
RGRKFFRR

SEQ ID NO: 39 (hBD3 derived C-terminus peptide excluding terminal KK, C
replaced with Y, Y2-8AA) '
RGRKYYRR

SEQ ID NO: 40 (hBD3 derived C-terminus peptide excluding terminal KK, C
replaced with L) :
RGRKLLRR

SEQ ID NO: 41 (hBD3 derived C-terminus peptide excluding terminal KK, C
replaced with 1) :
RGRKIIRR

SEQ ID NO: 42 (hBD3 derived C-terminus peptide excluding terminal KK, C |
replaced with H)
RGRKHHRR

SEQ ID NO: 43 (hBD3 derived C-terminus peptide excluding terminal KK, C
replaced with C(Acm), C(But), C(t-Buthio), C(Bzl), C(4-MeBzl), C(4-MeOBzl)
or C(Mmt).

RGRKCXXRR

X comprises C(Acm), C(But), C(t-Buthio), C(Bzl), C(4-MeBzi), C(4-MeOBzl) or
C(Mmt).

SEQ ID NO: 44 (hBD3 derived C-terminus peptide excluding terminal KK, C
replaced with V, V2-8AA)
RGRKVVRR
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(BZI')C(BZI)RRZZ Z conprises any am no acid or may be

absent SEQID NO 2 1 (full length hBD3 derived
w@ewbilshsss C repl aced with C(4- MeBzl) PCT/SG2009/000144

G | NTLQKYYC( 4- MeBzl ) RVRGGRC( 4- MeBzl ) C( 4-

MeBzl ) VLSALPKEEQ GKC( 4- MeBzl ) STRGRKC( 4- MeBz1 ) C( 4- MeBzl|

YRRZZ Z conprises any anmindacid or may be absent. SEQ

ID NO 22 (full length hBD3 derived peptide, C

- MROBZ|
SELEM AES 45”%{8 7 Rf/R)GGRC(4-I\/E(]32I)C(4-

R
PKEEQL GKQ(, 4- 71 ) STRGRKC( 4- MeOBz! ) C( 4-
gE 88%\%"&%'15?%am no acid or may be

: QID NG 23 (full length hBD3 derived
eptide, C replaced with

SEQ I N347NYAaRevemant YRIRAERC( Mt ) C( Mit ) VLSALPKEEQ GKC

RGRYYYIRRMY RKC( Mt ) C( Mt ) RRZZ Z conpri ses any . ani no
acid or may be absent. SEQ ID NO 24 (full length hBD3

SEQ:D Néd 48epV4 demnothercV4d6dA) t h nodi fied C
RGEHWWRRYWYRVRGERXXVL SALPKEEQ GKXSTRGRKXXRRZZ X

conprises C(Acnm), C(But), C(t-Buthio), C(Bzl),

SEQ(Hb NeB2lo) (v3dhéndeeBz! ) or C(Mit); Z conprises any
RVRRVYRRCI d or may be absent SEQ ID NO 25 (hBD3
derived 10 aa C-termnus fragnent, C replaced with any

SEATRCAS0YSR BEREERRZZ X conpri ses any amino acid; Z

RRERR/KRRES any am no cid or may be absent.

SEQ ID NO: 51 (V2D monomer)
RDRKVVRR

SEQ ID NO: 52 (E2 monomer)
RGRKEERR

SEQ ID NO: 53 (K2 monomer)
RGRKKKRR

SEQ ID NO: 54
RRRRRRRRRR

SEQ ID NO: 55
\AYAYAY)

SEQID NO: 56
YYYY

SEQ ID NO: 57
RRVVKRGR

SEQ ID NO: 58
RRVVKRGRK

According to another aspect, the invention relates to an isolated multimer of
formula (U),BnZ;, wherein U comprises SEQ ID NO: 3 or a fragment or variant

thereof, B comprises an amino acid having at least two amine groups, Z
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SEQ ID NO 26 (hBD3 derived 10 aa C-term nus fragnent,
Creplaced with W. RCGRKWARRZZ Z conprises any am no
w@eiod/1ans48may be absent. SEQ ID NO 27 (hBD3 derPCTme62000000144

aa C-termnus fragnent, Creplaced with F) .
RGRKFFRRZZ Z conprises any am no acid or may be
absent. SEQ ID NO 28 (hBD® derived 10 aa C-terninus
fragnent, C replaced with Y) RGRKYYRRZZ Z conpri ses

corﬁ@rﬁe{’j}g%ﬁgaﬁg@g [d 'Y é)ema,bs,eé}{d §E€9 Iln ﬁh‘@gulélg éet’t%D@ may

érm nus frag rren ed wth
inclUdB(Eah(ldJRRZmFectmlpsnnseermthmeamnargmmed or may be
absent. SEQ ID NO 30 (hBD3 derived 10 aa C-term nus

Aoesiariontna BRRREk ohily Bealitante 2y b RdUIBas Rk ot

co R%’%é’ nglnlao(l(%%r@ ﬂh@rfmrﬁw% méﬁ%@%reﬁd&@é ao)%et V4. tAtchyding

conprises a

am no aci ) be
to axfusther aspets, mmalsqegngydéedwﬂ%dﬂ I sk ey £apkgs! and

the&o@%ﬂf”‘ogﬁ it ﬁfe?draﬁ 4&%@%& (b) ’K"%tRERw 0) The

pepfideolrin i (B8KH( Ac (0) . KC(Butgy, c@ﬁpn%t&&@)lp OB3I 9r, a fragment
C(4-MeBzl ). O 4- MeOBzI ) or

or variant thereof.

The peptide U in the formula (U)nBmZ;, (U)nKmK; or(U):Kn4K may comprise

SEQ ID NO: 3 or a fragment or variant thereof, such as RGRKXXRR (SEQ ID

NO: 36) or any one of SEQ ID NOs: 37-44.

For example, if m =n-1,j=1,B=Z=K U comprises SEQ ID NO: 44, the
multimer has the formula (SEQ ID NO: 44),K.+K. If n = 2, the multimer has the
formula (SEQ ID NO: 44),KK.

The multimer(s) of the invention may be linear or branched. If the multimer
(U),is linear, the peptide U repeated n times may comprise SEQ ID NO: 2 or
any fragment or variant of SEQ ID NO: 2, such as any one of SEQ ID NOs: 3-
58. For example, the multimer may comprise (SEQ 1D NO: 35),, (SEQ ID NO:
36), or (SEQ ID NO: 45),.

For a branched multimer, for example the multimer (U),BnZ;, the multimer may

be branched at the terminal B,Z; residues.

The multimer may comprise any number of repeating units. For example, the
multimer may comprise 2 to 10, 2 to 20, 2 to 30 repeating subunits. In addition,
the multimer may be a dimer, trimer, tetramer, pentamer, hexamer, heptamer,

octamer, nonamer and decamer.

For example, for a branched dimer of formula (SEQ ID NO: 36).BZ, the

branched dimer may comprise the structure:



C(Mrt); Z conprises any amno acid or nay be absent.
SEQ ID NO 33 (hBD3 derived 10 aa C-term nus fragnent,
wamepsseed with V) RGRKWRRZZ Z conprises any Bi/sG2009/000144
acid or may be absent.SEQ ID NO 34 (hBD3 derived 10
aa C term nus peptide) RGRKCCRRZZ Z conprises any
anmino acid or may be absent® SEQ ID NGO 35 (hBD3
derived 10 aa C-term nus peptide, C replaced with
C(Acnm), C(But), C(t-Buthio), C(Bzl), 0(4-MeBzl) 1
C( 4- MeQRBERIOEXRR( Mt ) . RGRKXXRRKK X conpri ses C(Acny,
C(But), C(t-Buthio), Bzl)_ 0(4-MeBzl), 0(4-M0Bzl)
or C(Mit). SEQID NO 38 (‘thS derived C-term nus
pept i deRSRKXMRRY terfinal KK, C replaced with any
am no acid) RGRKXXRR SEQ ID NO 37 (hBD3 derived
C-term nus peptide excluding termnal KK, C replaced

As %ta'ﬂeWéﬂ@'esb‘MaﬁQB@%BRt SEQHiNGr A8y hbBShalstrustack:
C-term nus peptide excluding termnal KK, C replaced

with F) Eg? ﬁ SEQ I D NO 39 (hBD3 derived
C.-ter‘mﬁ '596 e exchuding termnal KK, C replaced
with Y, Y2-8AA) - B

RGRKXXRR -

In particular, for any of the multimer according to the invention, X may be V.
The V2 monomer has the sequence RGRKVVRR (SEQ ID NO: 44).

According to a further aspect, the invention also relates to a method of
preparing at least one muitimer of formula: (U).KmZ;, wherein U comprises
SEQ ID NO: 3 or a fragment or variant thereof, Z comprises any amino acid

andnz2, mz1andj=1.
(i) providing at least one solid phase;
(i) coupling at least a first amino acid residue Z to the solid phase;

(iii) linking at least one protected K residue to the coupled first amino

acid residue;
(iv) removing the protecting group(s) from the linked K residue(s)

(v) providing additional chain extension by linking protected amino acid
residues, according to the sequence of the peptide U in order from the
C-terminus to the N-terminus, wherein after each linking, the protecting

groups are removed for the next linking; and

(vi) terminating the linking of amino acid residues depending on the

number of residues to be added.
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RGRKYYRR SEQ I D NO 40 (hBD3 derived C-term nus

peptide excluding termnal KK, C replaced with L)
WORGRKLIIRR SEQ ID NO 4 1 (hBD3 derived C-ter nmBiESG2009/000144

pepti de exctuding termnal KK, C replaced with I)

RGRKIITRR SEQ I D NO 42 (hBD3 derived C-term nus

peptide excluding termnal K, C replaced with H)

RGRKHHRR SEQ I D NO 43 (hBD3 derived C-term nus

THECERO®acEY 2 iS4 Aok 86 T B 51 plzakg BB afly A fh: For
examplg(, Mhinpy ifREGRICKXRR notdinited todpsing Asrnthine(dBwryinine.
C(t-Buthio), C(Bzl), 0(4-MeBzl), C(4-MOBzl) or

, ' : ;. ; . g

ol Pl araP Bl e SR ol dbs Ml R, SO GRET Y be

rel E5ESIIRRNERE IsBlitlPhads. (V2 nmonomer) RGRKVRRKK SEQ 1D NG
46 (V4 nononer, V4-10 AA) RGRKVRRW

For example, performing the above steps for the peptide sequence
RGRKKXXRR (SEQ ID NO: 36) will produce the following dimer. The lysine
(K) residue in bold italics shows the positions - which Lys(Fmoc) was

incorporated during the synthesis.

RGRKXXRR ~
K — 7
RGRKXXRR s

In the synthesis method, the Z and lysine residues are shared between the

monomer units.

In particular, when X is V and Z is K, the dimer below is produced. This dimer
is the V2 dimer, (SEQ ID NO: 44),KK.

RGRKVVRR “
K — K
RGRKVVRR s

The method may be extended to produce further multimers. For example, the
extended method to produce further multimers further comprises, after step

(iv)

(iv)(a) linking further protected lysine residues to the linked second lysine
residue(s);

(iv)(b) removing the protecting group(s) from the lysine residues from (iv)(a);
(iv)(c) repeating step (iv)(a) and (iv)(b), or

(iv)(d) proceeding to step (v) and (vi).
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SEQ I D NO 47 (Y4 nononer, Y4-10 AA) RGRKYYRRYY SEQ I D
NG 48 (WA nmononer, Wi-10 AA) RCRKWARRWN SEQ | D NO 49
w@ YB9mrsasrer ) RVRKWRR SEQ I D NO. 50 (V2R nonone€§/SG2009/000144

RRRKMRR SEQ ID NO 5 1 (V2D nononer) RDRKWRR SEQ | D
NO 52 (E2 nonomer) RGRKEERR SEQ ID NO 53 (K2
nmonomer) RGRKKKRR SEQ | D N8 54 RRRRRRRRRR SEQ | D NO
55 WWSEQ ID NGO 56 YYYY SEQ ID NO 57 RRAKRGR

This extended method will produce multimers increasing in multiples of two
from the previous multimer. The multimers formed from the extended method
will be four, eight, sixteen, thirty-two, sixty-four and so on. Repeating the
additional steps of the extended method once produces a tetramer, as shown
below. If X is V and B and Z are K, then the tetramer is known as the V2- .
tetramer. The repeated unit in the V2 tetramer is RGRKVVRR (SEQ ID NO:
44).

- RGRKVVRR

AN
K
y
RGRKVVRR .
K —K
RGRKVVRR
K -~
%
RGRKVVRR

Further, repeating the additional steps of the extended method twice will .
produce an octamer. The multimer(s) of the invention may exclude the

terminal K residue.

The multimers prepared as described above are homogeneous multimers .
(homo-multimers), such that a peptide monomeric unit is repeated in the -
multimers. The peptide multimers of the invention may be homo-dimers,

homo-tetramers or other homo-multimers.

Further, the method of preparation may be extended to prepare heterogenous .
multimers, such that the peptide units in the multimers are different. When
preparing the homo-multimers, the protected amino acid B have at least two
side chains protected by the same protecting group. However, for preparing a
heterogeneous multimer, for example, a heterogeneous dimer, a differentially
protected amino acid C may be used, wherein the side groups available for
chain extension are protected by at least two different protection groups. In
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SEQ I D NO 58 RRWKRGRK According to another aspect,
the invention relates to an isolated nultiner of
wo eronb 4 U) nBnyj

a fragment or variant thereof, B conprises an am no

acid having at |east two am ne groups, Zconprises any
amino acid, n 2, m 1 ad@j O In particular, each
B may include but is not limted to |lysine, ornithine

or_ar ine. ord ' - .
wioghes b HSorER R R ) Bt RGles o eyl PLBI phin
exteH¥fort font at malsaarmt feactve S&Eﬁgmu@sAﬂ@) rikerKyst. peptide chain

A
i) o' Gt T i b ol

aIIoWJét%BsgﬁﬁﬁﬂPXh%\ﬁ)éif( m("%ﬁ %n@%’h (én@siﬂ KNsdcdfid( @actikdhitie Q'l’ftb@lp

K may conprise SEQ |
In tN@ way othea fifst quapide drauvandaﬂite seearsbpeptite chap may hﬁve

he.fornul a nBnYj, (UnKnKj O (U nKn-1 K may
d'ﬁ%’@ RAMINO agieh § L%éce% or a fragment or variant

thereof, such as RGRKXXRR (SEQ I D NO 36) or any one
Acc@?dlﬁg%ldﬁoﬁ@ asplct dheRovertiommalatesitd ammetimed of prepatl,ng a

pepfie muHm#raof((:fpﬁ%lIl%ﬁﬁds(ﬁglryz?ﬁmﬁwﬁwhtﬁpﬂe” E’yaf 'Sl R
con%%élsgpfgsﬁe ?\hﬁ Gof (Rl @ (BEQhEE NQ 0 ##adbdsitivEiateger, m =

the i nventioh may be linear or

1 ob@aewrhpdsing fthe ktepswdfti mer (U)yn is linear, the peptide
U repeated n tinmes may conprise SEQ ID NQ 2 or any

0 PR b BBl a0 N0 2, such a0 any one

t exanple, the multiner may
conprise (SEQ ID NO 35)n, (SEQ ID NG
(i) coupling at least a first amino acid Z to the solid phase;

(iii) optionally linking at least one amino acid B to the coupled Z;

(iii) linking at least one protected amino acid C to Z or B; wherein C comprises

at least two differentially protected groups;

(iv) removing a first protecting group from the linked amino acid C to expose a

first reactive side chain;

(v) providing chain extension of a first peptide U to the first reactive side chain
of C;

(vi) removing a second protecting group from the linked B amino acid to

expose at least a second reactive side chain; and

(viii) providing chain extension of a second peptide U? to the second reactive

side chain of C.

A heterogeneous peptide multimer may thus be prepared.

, Wherein U conprises SEQ | DPCUZBGB00000144
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36)n or (SEQ ID NO 45)n. For a branched mul'tiner,

for exanple the multinmer (UnB 111 Zj, the nultiner
woreyohgisks anched at the ternminal Bn¥j resi duesPCTb&2009/000144

mul ti mer may conprise any nunber of repeating units.

For exanple, the nultinmer may conprise 2 to 10, 2 to

20, 2 to 30 repeating subuffts. In addition, the

mul ti mer nay be a diner, trinmer, tetrarrer pent aner,

t
1883 Bhe SEPI S orBSe Rt DO R ARt Blramer
maﬁ)lzeszprapl@eedbréncﬂhmdormml stp cippis Smarfdrmed once. Other

e b SEISBIBHERAS R e ke risPB 0N Sl (L Aapadingy.
RGRKXXRR B RGRKXXRR I n particular, for any of the

Acooldingreo anssthedi sxpetn tHéemv@MﬁBﬁlr@l‘ateg fgﬂ)énbﬁso‘létea hSeptide-
equence

m”X*HE%F &?ﬁérmalaa[@ﬂa(u?gm@p@mz Wh@reﬂrhvléntar‘@h LAl emprises a

peplet EducreAy iR %/ RABRS EaBH cBnd RES LB iy
least two armrgergmupzﬁ, A/ootingrises hey anfmo Acithnpri2Xewharyx = 0 or a
pog\m/é]%tg&ér, m=1or0. ‘

Each of C, B and Z may include but is not limited to lysine (K), ornithine or
arginine (R).

In particular, U' or U? may each be a peptide comprising SEQ ID NO: 2 or a
fragment or variant thereof.

U’ may comprise but is not limited to any one of SEQ ID NOs: 1 to 58.
U? may comprise but is not limited any one of SEQ ID-NOs: 1 to 58.

If n =2 and m = 1, the multimer is a heterogenous dimer of formula
[(uucz.

For example, U' may comprise RGRKVVRR (SEQ ID NO: 44) and U? may
comprise RGRKVVRRVV (SEQ ID NO: 46), C and Z are K, m=0, n=2. The
structure of the heterogeneous dimer comprises:

RGRKVVRR N
K — K
RGRKVWRRW
For example U" may comprise RRRRRRRRRR (SEQ ID NO: 54) and U2 may
comprise VVVV (SEQ ID NO: 55), C and Z are K, m=0, n=2. The structure of

the heterogeneous dimer comprises:

RRRRRRRRRR |
K — K
ww
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and n 2, m 1 andj = 1. (i) providing at |east one
solid phase; (ii) coupling at least a first amno acid
WO e@pdsis4¥ to the solid phase; (iii) linking arCT/eaxi09/000144
one protected K residue to the coupled first am no
acid residue; (iv) renoving the protecting group(s)
fromthe |inked K residue( (v) providing additiona
chai n extension by |inking protected anmi no acid
resi dues, according to the sequence of the peptide g

Fori éxamhislerU ¥ mam ddmepiise RARRABRRRR HEER t2MNDNG4) and U™ may
erein after each |inki t ecti ng

cormis K0 holSERADHRR: 585k st 2688 VPOt BT AL RN LT O

thegdé?‘%ﬂSQ?BQSU§mn%e&ﬁﬁ'grié&$i dues dependi ng on the nunber

ues to added. The am no acid Z first coupl ed
to the solid phase may be any am no acid. For exanple,
Z may i ncl uRRBRRREBRMR I\i\]rri ted to lysine, ornithine
or arginine. Follow ng conp i_QnKof t he synthesis of
the multinmer, the multinmer be'rel eased fromthe
sol id phase. For exz%%Y\é, perform ng the above steps
for the peptide sequence RGRKKXXRR (SEQ I D NO 36%
If nwk Kl angt ks de thenbetesbgempusgmyltinesr. is Fheeteyegeneque)tetramer. A

residue in bold itali posi tions which
hetgm?_rlﬁggy t\ﬁa@ fPHPB%QQ{@ﬁB@F?% t he synt hesi s.
RGRKXXRR K - Z RCGRKXXRR _
The method of the invention may also be extended to synthesise other

multimeric peptides, such as trimers. Both homo-trimers and hetero-trimers

may be synthesised.

A method of preparing a peptide trimer of formula UU?CU'Z, wherein U', U?
and U® each comprises a peptide, C comprises an amino acid comprising at
least two amine groups and Z comprises any amino acid, the method

comprising the steps of:

(i) providing at least one solid phase;

(i) couping at least a first amino acid Z to the solid phase; and
(iii) providing chain extension of peptide U'to Z;

wherein, (A) the peptide trimer is a heterogeneous peptide of formula
UBU3(C)U'Z, the method further comprises:

(iv) linking a differentially protected amino acid C to an amino acid of

peptide U';
(v) removing a first protecting group from the linked amino acid C;

(vi) providing for chain extension of peptide U? to amino acid C;



In the synthesis nethod, the Z and |ysine residues are

shared between the nononer units. In particular, when
woX2009/13M53d Z is K, the diner below is producepCT/S6G2099/000144

dinmer is the V2 diner, (SEQ ID NGO 44)2KK. RGRKWRR K -

K RGRKWRR The net hod may be extended to produce

further nultiners. For ex&@®le, the extended nethod to

produce further nmultimers further conprises, after

S R BB (AR 1478

(i\g)q@b) renovi ng the protecting group(s) fromthe
ysi ne residues from(lv)(a) (iv)(c) repeating step

b e e rbbA ST A 5

|ncreaS| ng in multiples of two fromthe previous

(B) 03 Uter y! The: Bubhi the peptitardnier eonigizesXtandedU’),BU"Z,
nmet hod will be four, ei ght, sixteen, thirty-two,
5 the sigthgd figther4ommisesn. Repeating the additional steps

of the extended nethod once produces a tetraner, as

Shc(ir(‘lghhﬁh@‘% totected 8m Ré‘%@loBBQG@nZarﬁfn% dbid thépﬁd@W

novvn as the V2- tetraner he repeated
unit in the V2 tetraner is RGRKWRR (SEQ I D NO 44

RGRK\VWRRhoving the protecting groups from the Ilnke amino acid B; and
(vi) providing for chain extension of two peptides U' to the amino acid

B; or

10 (C) U2=U®# U, C = B, and the peptide comprises formula (U, B(U")Z, the

method further comprises:
(iv) linking a protected amino acf'd Bto ah amino acid of peptide U’;
(v) removing the protecting groups from the linked amino acid B; and

(vi) providing for chain extension of at least two units of peptide U? to

15 amino acid B.

In the case of (A) and (C) above, a heterogenous peptide trimer may thus be
prepared. In the case of (B) above, a homogeneous peptide trimer may thus

be prepared.

According to another aspect, the invention relates to an isolated peptide trimer

20  of formula UUCU'Z; wherein U', U? U*each comprises a peptide sequence;
C comprises an amino acid comprising at least two amine groups and Z
comprises any amino acid. In particular, the peptide is branced at amino acid
C.
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K/ RGRKMRR K - K RGRKMRR \ K RGRKWRR Furt her,
repeating the additional steps of the extended nethod

wo oh00a3wsis | produce an octaner. The nul ti mer ( SPCDEGL002/000144
i nvention may exclude the termnal K residue. The
mul ti mers prepared as descri bed above are honbgeneous
mul timers (honmo-nultiners): 23such that a pepti de
nmononeric unit is repeated in the nultimers. The

TheeRULLRe BHtHd | @Bra%e@{)%ﬁﬁtrehtrfw% i@y be homo-diners,

hono-tetramers or tlrrers Further, the
nmet hod of preﬁgr ation may be extended to prepare

het er ogenous ™ ners, such that the peptide units in
the multimers are dofferdfit— ahen preparing the

honmo- mul ti merg?® the protected am no acid B have at
Ieast two side chains protected by the sane protecting

(gm However, for preparing a heterogeneous
Eagh,of iGre ,anidoZ. reapriptlede dubes eobdietiedu Iysimer (K)a ornithine or

ntially protected am no acid C may be used,
arg rﬁé Qﬁﬁ the side groups available for chain extensi on

are protected by at |least two different protection

In pprbegar, UntUfi or Wasmy @adh EahpARsO ST IDINGF QWt SR fra§ment
d to all ow peptide chain

or Varlanyﬁ'\ereof
For example, U', U? or.U® may each comprise any one of SEQ ID NOs: 1 to:
58. For a heterogeneous peptide trimer, two of the peptides may comprise the

same sequence with the third peptide of a different sequence.

For the heterogeneous peptide trimer, UU?CU'Z, U, U? and U® may be but-
need not be different peptide sequences. For example, U' and U? may:
comprise the same sequence while U® may eomprise a different sequence. -
Alternatively, u' and U® may comprise the same sequence with U? having the

same seqguence.

If U> = U®# U" and C = B, the peptide is of formula (U2 BU'Z.
If U' = U® # U2, the peptide is of formula U'U2CU’Z.

IfU' = U2 # U®, the peptide is of formula USU'CU'Z.

However, if U'= U? = U® and C = B, the peptide is of formula (U"), BU'Z

(homeogeneous peptide trimer).

An example of a heterogeneous peptide trimer with and its synthesis is-
illustrated in Figure 8 and described in Example 1D.

Accordingly, the invention relates to an isolated peptide trimer of formula
UPUPKU'K; wherein U' comprises RRVVKRGR (SEQ ID NO: 57) and U? -
comprises RGRKVVRR (SEQ ID NO: 44) and U® comprises RGRKVVRRVV
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extension fromat least a first reactive side group.

After the first peptide chain extension(s) are
weeovphiztserl, the other protection group may be PENBGEEI/000144

to al l ow subsequent chain extension fromat |east a

second reactive side group. In this way, the first

peptide chain and the seco pepti de chain may have

di fferent am no acid sequences. According to another

aspect, the invention relates to a nethod of preparing
(SRQEPNOdd6jruThis eterofedavumutimdr (48 V2VRRAA{SE: At ARISEM and
ham@qreﬁnteach of UL and U2 conprises a peptide with Ul

2Y1C RO where x = 0 or a positive integer, m=1

0; conprising the steps of: (i) providing at | east
one solid phase; (ii) coupling at least a first am no

acid Zt id phase; (iii) optionally Iinking at
| east oanGQE?XE‘E‘ac\d B to the coupled Z; (iii) linking
at | east one protecteld am MR\VAKRGE te—Zlor B; wherein
C conméﬁﬁ§y§hvlvea»s’t two differentially protected

groups; (I1v) renoving a first protecting group from
the linked amno acid C to expose a first reactive
side chain; (v) providing chain extension of a first
The epiitirers of dh?h@rersengtmv%m \Bosspae @tinisralfialcproperfies.

Acé&ﬂﬁl‘gj'li‘agtlh% ﬁﬁﬁtﬁ’rﬂgrsomeFe cgrf&“ﬁhﬁxﬁgﬁbt grgcij/lobg%gﬂalgg the

amn to expose a secon
groa\ﬁlapﬁmlanm@rgamsm); provi di ng chain extension of a
second peptide U2 to the second reactive side chain of

Thé:present invention also provides a method of inhibiting and/or reducing the
growth of microorganisms comprising contacting the fnicroorganism with at

least one multimer of the invention.

The present invention also provides a method of treating at least one microbial
infection comprising administering to a subject at ieast one muitimer of the
invention. The invention further provides inhibiting and/or reducing the growth
of at least one microorganism in a subject comprising administering to the

subject at least one multimer of the invention.
The microorganism may be a virus, fungus or bacteria.

Accordingly, the present invention also relates to the use of a multimer
according to any aspect of the invention in the manufacture of an antimicrobial
composition. The antimicrobial composition may be used for inhibiting and/or
reducing the growth of at least one microorganism, for example, in a subject.

The present invention also includes the use of a multimer according to any
aspect of the invention in the manufacture of a medicament for treating at least

one microbial infection.

Accordingly, the multimer(s) of the invention may be formulated into
antimicrobial compositions and/or pharmaceutical compositions. The
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A het erogeneous peptide nultimer may thus be

prepared.|f the optional step (ii) is omtted, a
whedoenstsds ner is forned. A hetero-tetraner mayPGESG2009/000144

prepared if the optional step (ii) is perforned once.

O her heterogeneous multiners may be prepared by

repeating step (ii) accordi?®gly. According to another

aspect, the invention relates to an isol ated peptide

er i
anficrofRl  Aa/bb ditrthalcebicalt embBetiohs onta; e {OThTaRd for
topienl, Iraé,apauremmsrpt adednistnation nofcﬁeadinmsttl‘aé@h H))ﬁﬁﬂialétm\ The
mifPisfoLE v ofoRy o Bataguiaien i cyeghiop comeasiim(s)
anﬂ]or@olliﬁdn(s)@ﬁd/érﬁfddﬂé’& IOng sélﬁtn&%?}' imted to lysine

(K), ornithine or arginine pgrEtlfltj)lﬁer ;Jl or
or a
The AR Coror o ?w%%%azs@zzms %&%L&@t%mmmposmns for
coé‘ﬁ !rié\ggéf él’ g@U%eQ@ﬁclﬁ?@ grlr:e% {:/304},% 8 §|‘§% ?% twﬁ‘.orr?%lted

to a@aﬂ’@tenﬁneedléz asiteath~a stertt lbe ardrbssingr is a
het er ogenous dinmer of forrmula [(ULl)(U2)]CZ For

AR AT REIR PR A G

to e imzdntiors 2t |84 Gig aﬁﬂirhfc@omél é&lﬁpbﬁh@ﬁ RPERFPIRarfdRUtical
co {ISGS RGRKVWRR K ~ K RGR

composition comprising at least one multlmer according to the'invention.
Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by
way of illustration, and are not intended to be limiting of the present invention.

EXAMPLES

Standard molecular biology techniques known in the art and not specifically
described were generally followed as described in Sambrook and Russel,
Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory;
New York (2001).

Example 1 Method for solid-phase peptide synthesis (SPPS) of multimers

(A) Synthesis of homogeneous dimer

The method for the synthesis of the peptides is adapted from Krajewski et al.,
(2004). Fluorenylmethoxycarbonyl (Fmoc)-protected L-amino acids and resin
were purchased from Advanced Automated Peptide Protein TECHNOLOGIES,
AAPPTEC) (KY, US) and used with the following side-chain protective groups:
Lys(Fmoc) was incorporated only at second residue from C-terminus for
synthesis of dimers, Arg(pbf), Lys(Boc), Tyr(But), Trp(Boc) and Fmoc-
Lys(Boc)-Wang resin (substitution 0.72mmol/g). Syntheses of dimers were
carried out on Apex 396 (Advanced ChemTech) by Fmoc chemistry.
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For exanple Ul may conprise RRRRRRRRRR (SEQ I D NO 54)
and U2 may conprise VWW (SEQ ID NO 55), C and Z are
Wa00mm81540=2. The structure of the heter ogeneoRGT/SGI009/000144
conpri ses: RRRRRRRRRR K W WFor exanple Ul may conprise
RRRRRRRRRR (SEQ I D NO 54) and U2 may conprise YYYY
(SEQ ID NO 56), C and Z &be K nr0, n=2. The structure
of the heterogeneous diner conprises: RRRRRRRRRR YYYY

| f .= =
corgoeba AR i SR BT i
pon{t( Wb idVER( @RBIiKg dfhientiishethnind ddie torﬂnenWamg resjn was

b
carr?@f)? @ld:ﬁli(éﬁa%eg\gt &Iaﬁgkges%%gﬁ?%ﬁ@rgu (!;11%52 arc%ubsequent

cougﬁrggrrgaulbﬁ?r(ﬁr ﬁ ?y\%rtée%' fﬁéﬁ dﬁlt”ﬁﬂtﬁod 5‘M HBTU/0.5M

arrng a pepti ormula U3U2
HOBMEZEI DIEA jn NB/II%n%ls &8 afertativenthei coipling p@@ﬁtiogaé may also be

canggb R4 BT THRT A MR A B Ps qoaBRY o, Fufel. Pinoc

dep?&IEEﬁéﬁW%& diBe§ baPWitRR0% plpeptme idiDigFat | east one .
oL tﬁeazgl | ((jl [ %agoupl ng at least a first amno acid

TheosesisWere gea@g&/mgb@ﬂngthﬂL?ort@ESnc 4508 £82 fhenol, 1.5%

water, 1.0% TIS (triisoproply silane), 2.5% EDT (ethane diol) to release the
mﬁltimer from the resins. Alternatively, the resulting peptidyl resins may be
treated with a freshly prepared mixture of TFA/TIS/phenol/Thionisole/water
(90/1/2.5/5/1.5, the ratio of volume percent) for 2-3 h at room temperature.

The crude peptides were then precipitated by filtration into ice-cold diethyl
ether, separated by centnfugatlon washed three times with ice-cold ether and
dried by automated evaporation of ether and other remaining or residual
solvents in crude solid products in fume hood or dried under vacuum at room
terhperature. The precipitate dried directly from the ether resuited in a TFA
(trifluroacetic acid) salt. TFA salts may affect the pH of peptide solutions or the
viability of cells in culture. Lyophilization from 2 ml 2% acetic acid replaces the
TFA salt with an acetic salt, which allows easier handling the other peptides

and removes trace amounts of scavengers.
The scheme of the synthesis method is illustrated in Figure 2.

High yields of crude dimer and purified dimer may be obtained from this SPPS
method. For example, yields of crude and purified V2-dimer are 90 and 27%,
respectively. Further, 50 mg purified V2-dimer may be obtained based on 0.08

mmol synthesis scale.

The method described is an example of the synthesis method but
modifications to the method may be made. For example, any method for the
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wherein, (A) the peptide trinmer is a heterogeneous
peptide of fornmula U3U2(C)ULZ, the nethod further
weompnsses: (iv) linking a differentially protRCT/8G2009/000144
amino acid Cto an am no acid of peptide Ul; (v)
renoving a first protecting group fromthe |inked
amino acid C, (vi) provididlg for chain extension of
peptide U2 to amino acid C (vii) renoving a second

R S L S S . 088 1 o

sPRSim&hagi d C (B) U2 = U3 = C = B, and t he peptldeA
tr| mer conprises formula (U1)28U1Z, t he net hod further
|ses (iv I|nk|n rotected amno acid B.to an

(B)§’ﬁ‘ sigcPidhaimo %’Eﬁ?‘tﬁeedi‘m v) renoving the protecting
groups fromthe |linked amno acid B; and (vi)
Thep Eﬂ’ﬁhgél@ gnfeﬂfodcﬁ@yrb@@x&ﬂﬂ'eantoolﬂwet éé\fhtﬁ@ﬂ*s igfes hbindgeneous
he am no acid B; "or 1, C =B, and the
tetrpépraaellus@ﬁﬁﬁd inekigtise Ia (u2)2 B(U1) Z, the nethod
further conprises: (iv) linking a protected amno acid
c _ Vig r -
Folfiy ertBiesfonf b PRRiC £% kel lo (RECHRBLIRE] Nit
Lys(Bbg), pro\Frdocyys oesidbas wvaargttbemlmhedfto dhelleyss Further amino
nits. of tldeU2t acid.B. In the_c
acidsy chaipy ?%H%IBBV)Q’”% ero8 aisds t?)eB'ﬂd('J'get Pi ﬁé&oﬁigneous
tetrhmé‘i (V2 tefr8RmrEds illustidied. CR&S condifiGis fdrome, déprotecion (step

honbgeneous peptide trinmer may thus
i), couphng (step ii) and chain extension were the same as for the preparation

- of the homogeneous dimer.

(C) Synthesis of heterogeneous dimer

For the synthesis of a heterogeneous dimer as illustrated in Figure 7, the
differentially protected amino acid Fmoc-Lys(Aloc)-OH was used as the
branched site to prepare a heterodimer. THe Fmoc and Aloc groups have
different reactivity with Aloc being stable under the basic conditions used to

remove Fmoc.

The deprotection of the immobilised Fmoc-NH-Lys(Boc)-Wang resin was

performed as described above.

As illustrated in Figure 7, Fmoc-Lys(Aloc)-OH was, then linked to the lysine
residue attached to the Wang resin (coupling step ii). Only the Fmoc group of
Fmoc-Lys(Aloc) was removed (Fmoc deprotection) and extension of the first
chain was performed with (step iii). When all the amino acid residues in the
first chain had been linked, (i.e. the first chain completed), the Aloc group on
the Lys(Aloc) was removed (Aloc deprotection) using a Palladium catalyst and
the second chain extension was performed. When all the amino acid residues
in the second chain had been linked (i.e. second chain also completed), the
product was released by acid cleavage. Any remaining protecting groups used
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be prepared. According to another aspect, the
invention relates to an isolated peptide trinmer of
wo oroaB 48 3U2CULZ; wherein Ul, U2 U3 each conpPCERE2009/000144
peptide sequence; C conprises an am no acid conprising
at | east two anmine groups and Z conprises any am no
acid. In particular, the p&tide is branced at am no
acid C The structure of the isol ated peptide triner

conp f i ncl
to GRABIBAR o PR B8 R R fesi B B pPopidte e Boc,
pbfal\,ﬂr)fdmmg(tl?ésyhthesaeremJﬂheh rehihvedJZ or U3 may each
conprise SEQ ID NO 2 or or a fragnent or vari ant
t hereof. F Dl e ut,. U or U3 may each conpri se
P RIS &f NEEFOYENG PUAE WBIETEG 3" het er ogeneous
peptldetrlmer two of the peptides may conprise the

AnSSERI8 B8 B Syrvhédis i@ hétefahapeblis pepttie Aritiet iemaaﬂrated in
sequence. For” the heterogeneous peptide trine

Figuse Ui, fitst, exmﬂn%wm togdhaeipnraebilizrd hsine (6} Teitiue is a first
pe;?rftlic{/ef z%lfr)pgf WRM GRS S NoY 5??‘ n‘%gﬁsecﬂi'erﬁgp A Fmoc-

o rise ame' sequence wh may conprise a
Lys{isldayr@intis sletieen te thé\ R eresiluiev et yhe W tardinug ebyhe peptide

RHRVURES Ther Fiopcross e threoutband St BESIE () of
RdF@KWR@{ {%%%QCB?S@)Z-MMIS 'didEd By chédn ,extém@em ek first amhine

formul a
group of the Lys(Aloc) residue. Following the second chain extension, the Aloc
group is removed and a third peptidé (U%) of RGRKVVRRVV (SEQ ID NO: 46)

is added by chain extension to the second amine group of the Lys residue.

Alternatively, Fmoc-Lys(Fmoc)-OH fnay also be added after the extension -of
the first peptide U' is completed. A peptide U? may be extended in duplicate to .
form the heterogenous trimer U2U%(K)U'K.

For a homogeneous peptide trimer, Fmoc-Lys(Fmoc)-OH may be used after
the extension of the peptide U is completed. The same peptide U may then be -

extended in duplicate simultaneously to form the homogeneous trimer.

Example 2 Antimicrobial assay

The method for testing antimicrobial activity of antimicrobial peptides used an

absolute killing procedure as described below.

Preparation of test organisms

The test organisms were either reference cultures obtainéd from American
Type Culture Collection (ATCC) or clinical isolates obtained from the
Department of Pathology, Singapore General Hospital. All cultures used in the

s’tudy were not more than 5 passages from the source.
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30

35

If UL = U2 U3, the peptide is of fornula USULCULZ.
However, if Ul = U2 = U3 and C = B, the peptide is of
wo oroaBs4g Ul) 2 BULZ (honmeogeneous pepti de tri ne€i/SGAN9/000144
exanpl e of a heterogeneous peptide trinmer with and its
synthesis is illustrated in Figure 8 and described in
Exanpl e 1D. Accordi ngly, t#® invention relates to an
i sol ated peptide trinmer of formula U3U2KULK; wherein
| % S
Théﬂaa‘éﬂéﬁéﬁ (C%E%eIBDI W@mﬁ&iﬁan g asr% éog %@%@% and
’thel wa@cwﬁ}e onhSabwaedo@exte@mAlgar rfSDA)sslarmte at 35°C for 16

nouf Y BB W ARG R BT Thaid Bfe RS in

Phosprené IbQﬁemeQS(LﬂﬂbdFSt‘étébbPﬁémﬁﬁwb@ié I¥SP) at 20°C..
Accordingly, the nmultinmers may be used for 1nhibiting

d/ or . reduci ng the growth of nicroorganisns. The
GgRIsm ion al so provides a nmethod of inhibiting
and/or reduci ng the growth of m croorgani sns

Th@f&ﬂl@Wi BEy RS ek GsEAh mééﬂexgamsmwth at | east
one |ner of the invention e present invention
@a%ﬁl ét?seﬁTédTﬂ of treating at |east one
fj %hﬁ@%@%qw' sing administering to a
P
Hd

e R e

jajfe
3 \zg dompnas aeeidingsa BAER 14476/07 Source: Urine
Clin cal Pseudomonas aeruginosa PAE249 DM15013. Source: Wound

Clinical Pseudomonas aeruginosa 07DM023257. Source: Eye

Clinical Pseudomonas aeruginosa 07DM023376. Source: Eye

Clinical Pseudomonas aeruginosa 07DM023155. Source: Eye .

10 Clinical Pseudomonas aeruginosa 07DM023104. Source: Eye

11. Pseudomonas aeruglnosa ATCC 9027

12.Pseudomonas aeruginosa ATCC 27853

13. Escherichia coli ATCC25922

14. Clinical Escherichia coli DB16027 Source: Blood

15. Clinical Escherichia coli DU46381R Source: Urine

16. Methicillin-resistant Staphylococcus aureus (MRSA) DM0O9808R Source:
Eye

17.Clinical Staphylococcus aueus DM4001 Source: Eye

18. Clinical Candid albicans DF2672R Source: Urine

19. Fusarium solani ATCC 36031

u“

Q".00.\1._.0’.C":'>~.<'~’.'\’.-A

Preparation of test solutions of compounds

The freeze-dried antimicrobial compound was dissolved in purified water and

distributed into screw-capped plastic tubes at a concentration of 1,000 micro-

grams (ug) per ml. These served as stock solutions and were kept at -20°C.

On the day of conducting the test, one tube of the stock solution was defrosted
and diluted in purified water to a concentration of 500 pg/ml. Thereafter,
further dilutions were carried out in either USP Phosphate Buffer, pH 7.2 or
other solutions (including but not limited to 10 mM sodium phosphate buffer,
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subject at |least one nultiner of the invention. The
m croorgani smmay be a virus, fungus or bacteria.
waecwonshisug)l y, the present invention al so rel at BGT/8G20097@00144
use of a nultinmer according to any aspect of the
invention in the manufacture of an anti m crobi al
conposition. The antim croffl al conposition may be used
for inhibiting and/ or reducing the gromh of at | east

: . ng v nor at
pH 0N, M 6T AN I5HaSSunT Qiuﬁ_%?(aT‘E ®r ﬂﬁs.@ S ﬁ%fgl)ﬁu Pfitpr%rtest

present invention also includes the use o
congeotiatiomgy raquiredy naspatyt raofingHfeomr.25 igimi tor6Q hg/ml.
.manufacture of a nedicanent for treating at |east one
m crobj.al infectjon. Accordingly, the multiner of
Terf RECRERR (0 SFahS dest SoRaISa & SIAPFaRporstation was
inoSRETRAS likicOsheatll QF MHRATdBRGSINLC aksC YHRRINA 'd?f‘%Peciﬁc test
Theant i m crobi al and/or pharnmaceutical conpositions o
congaptralion ée mipdided fioal caypitfl betviean, 1 pat@heival and 1x 10f

)4 ' r L0k st rnat y. i.nhal at.ion.
cfutf s ¥oF o e T ot R e Fol P ey iR hélbatea at
35°Coforudt at@dsi rrheyiacdbaﬂbm@émFéﬁdtm@éﬁai tand/ may be varied as

~solution(s) and/or contact |lens solution(s). The -
rquﬂ‘F‘ij-i mer (s) of the invention may al so be fornul ated
.into conpositions for coating devices. The devices

AftdrnAtWstRioTE dhe ahtiRYbISIBF a8ty GFthBUbsNdiutibd el ih&ctiated
catheter, a needle, a sheath, a stent or a dressing.

by aht0-feldediution inuPlihdVeutralisinge Bratht (NB). clountrersdiigions were
. i r i i pvent | t

e L e e

cultprearTres platés alere imqubzitéd ah 3600foi FRrpwas. Thasiaeeount of

e B RE R DAL BBA " e o1 e

more readily understood through reference to the ,
As ARINQRUIGE DRETRIRS ¥t FrHaEm REQAAGALERY, parallel to the Test,
into the buffer used in the preparation of the test solutions instead and
incubated under the same ‘condition as the Test. The viable count of the

inoculum control was determined as for the Test.

The antimicrobial activity of the compound was expressed as log reduction
calculated by subtracting the log number of colony forming units (cfu) of the
test organism survivor after 4 hours’ exposure time at 35°C from the log

number of cfu of the inoculum control of the test organism.

The method described above was used for Examples 3-7 and in particular, the
method for gentamicin in Example 6 is similar except that gentamicin was

substituted for the antimicrobial compound.
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way of illustration, and are not intended to be
limting of the present invention. EXAMPLES Standard

wodeasisas bi ol ogy techni ques known in the artPEREG2000000144
specifically described were generally followed as
descri bed in Sanbrook and Russel, Ml ecular Coning: A
Laboratory Manual, Cold Sp3r1i ngs Har bor Laboratory, New
York (2001). Exanple 1 Method for solid-phase peptide
synthesis (SPPS) of nultinmers (A) Synthesis of

ExaRf18 9B rafinsiciir adiety et Roddingsr & Sin8Y M. &Sy /rfbfsatﬂ‘?CC
eptides 1's adapte rom Kraj ewsKi

902F| yor enyl net hoxycar bonyl ( Froc) - prot ect ed L-ani no
acids and resin were purchased from Advanced Autonat ed
Peit CENGLOG R Y

Theu%eo‘Jn ﬂ%tﬁépgﬂp%rﬁ%ow ng si 5@ C |v§1€|—'§%tse P\r/‘? Qet?cqunonas

aerug/sgsamdECCMB27.ncor porat ed only at second resi due from
C-termnus for synthesis of diners, Arg(p bf)

The V2RIl e lthlrot AR ABRMsEE, @ﬁ@@é@é PRYpEe&7 in

uswv%@spam lﬁﬁféit(brémaré@@écaﬁfﬁnd &dw@Pﬁdrrﬁ?ﬁ@dﬁEﬁé Dori¥éntion)

nmoc chem st ially avai

at phwetos&@ P%Y\Rar?@er @@ﬁlmlmal@féwﬂmgﬂlaa@ﬁ@t%ﬁx shigyving large
l’edL%{’llOHE in %é ‘Ha‘&?érla‘f%\%ula‘ﬁ%p Ealet li‘f 'ﬁﬁ)er %@'v@& Afiblnt

resin carri e
of bébteNa-whs stb(p:r on@sdnmnsb add lamdﬁjurs 86 begt@lctt%ﬁrtnecalhumoﬁ g%l/ml of
eac ons or acyl ation carried out wit
V2 L&@E‘W %ﬁ? qeansg . As an alternative, the
coupl i ng reactions may al so be carried out with
TablBTJ- NeRhidrBbidlMFadtivig Sairlkesis aealdnsd ATEE "7 (Log
Redﬁe%n)dﬁmgb EHosBRaWASufRIH 82 Aisow th 20% prperidine

Dnuent for dl!utlon USSP USP Phosphate USP Phosphate -
of sample from | Phosphate Buffer Buffer
100ug/ml to test .| Buffer pH 7.2 pH 7.2
concentration pH 7.2 ‘
Test Concentration - 4hrs 4 hrs 4 hrs
ug /ml
25.0 > 6.54 > 6.38 ND
12.5 > 6.54 > 6.38 ND
6.25 ‘ 2.82 1.84 3.04
3.125 0.59 0.22 0.69

The salt solution of the USP buffer used above is dilute compared to

physiological conditions, and therefore the antimicrobial activity of the V2.
dimer was also tested at physiological salt conditions using 10 mM phosphate

buffer pH 7.2. The V2 dimer also maintained high antimicrobial activity against

P. aerugonisa ATCC 9027 at physiological salt concentration (Table 2).
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The resins were treated with 90% TFA (trifluortacetic
acid), 5.0%phenol, 1.5%water, 1.0%TIS (triisoproply

W@ Rloanas#8 2. 5% EDT (et hane diol) to rel ease t hBCT/SG2009/000144
multimer fromthe resins. Alternatively, the resulting
peptidyl resins may be tregted with a freshly prepared
m xture of TFA/ TI S/ phenol | i oni sol e/ wat er
(90/1/2.5/5/1 .5, the ratio of volune percent) for 2-3

Table® ARtb A Sqalid IR MG Qéﬁlq‘ﬂ%s% Afeie 9027
LLoarﬁé:dlmﬁbﬂ d:ﬁﬂ\ﬂ 1'0 %%géllf”? FI,IIJ) VE/db—:tléefgul z e '7??”&535\”[ h

Dllu?@fﬁr‘)&h}b% t}q and-dried—by automat ed evaporation of
ren dual solvents in
i OQEJ 8ucta+ qu?ép #’H or dried under

est canpantra Hosp at e

°pnnmfn. ecipitate dried
Tes}i(enge Waﬂ%m the dther resulted ijn a TFA
ug Imlu fluroacetic acild) salt. TFA salts nmay affect the

pH 0f5Q8pt i de sol utli ons 05.68he vidbility of cells in

cult 880 Lyophilizdgtion 5682 m [2% acetic acid

repl at®s the TFA sglt w thogn acetlic salt, which

alTows ggsi er handlfing thgopther peptides and renoves

frace :@q@ynt§ of scavengeégg The schene of the

bym hests nethod—s—+ittostrated—™ Figure 2. Hi gh

o S48 AT P oo T 6 By e

hlgb raadtecanrgnpration iofdl 5822 anldeNa&t. eT 190 r«amdtsZ?w%cated that the V2
respectivel 5 r ed.V2- r may be .-
d'%timeae%%wso# 1826 éston‘g%"gslﬁﬁ ‘T?@L?%t'f&@é‘i’ jal aefivity at high

salt@seedirdgseri bed is an exanple of the synt hesi s met hod
but nodifications. to the nethod may be nmade. For
exanpl e, any nmethod for theprotection and deprotection
Tahié 3tAwtimiciotialdtivity eggMé’s&ado@mnas @@rmmnbk@ASEI@BQOZ?
(LogiRethattion) at 35°C

Diluent for dilution of
sample from 100ug/mlto | 155.2 mM
test concentration NaCl 155.2 mM NaCl | 155.2 mM NaCl
Test Concentration 4 hrs 4 hrs 4 hrs
ug /mi :
50.0 ND 5.23 2.82
25.0 2.82 2.78 1.71
12.5 1.71 2.14 0.78
6.25 0.78 ND ND
3.125 ND ND ND

ND — not determined.

Example 4 Comparison of the V2 dimer with hBD3 derived peptide monomers.

10 amino acid peptide monomers derived from hBD3 as described previously
(WO 2007/126392) were also assayed for their activity against P. aeruginosa
ATCC 9027. ‘
The antimicrobial properties of the monomers of V2, L2, C2, F2 and H2 in USP
phosphate buffer were studied and shown in Table 4.



(B) Synthesis of honbgeneous tetranmer The synthesis

nmet hod may be extended to the synthesis of a
wheomgarseous tetramer as illustrated in Fi gur ePGI/SG2009/000144

Fol | owi ng deprotection of the Fnoc-Lys linked to the

i mmobi | i sed NH2- Lys(Boc), two Fnopc-Lys residues were

then linked to the Lys. FuP®her amino acids chain

extension were then perfoned to produce a honpbgeneous

Tab®t 4 B8k dBbE UATRY Jordfo 'a[rm’nHBté&& e&ept,ﬁaem%ﬂeﬂie% UWibinst
Ps&8oBfa SRRSO ERL

cal ExXtenstrom wetre t ar atl on
—af +In haoamaonaatie. di nner (. Sunt hecsi s nf

W%Mr bl-lawr i hp\ \ggj fnaqi S 2 3 H2

Copgsrtralipanictrs |diker| 4usi | | ust fltsed i n [Fhgare 7, | this

Lugdnt f erentj al | \ protlected ani ho acid Fnoc-Lys(Al pc)-OH
20R90used [aNDt HeNDr gridbed sit £0t4d pr epgdre3a 0.29
16@106r odi D TINDFnuk7and Al pe .53 oups |lege di f f ppsnt
5@@0t i vi t)y3. 97|56 det h§i ng St gy underp gne bas) Rp

290@! t1 ons3 ¥5aqyHo rEgYve FbRD 11 The depg@tecti ofiNpf
7@% InIIUDr3"2§ D—'_'m. le-tyb\ R -_Wlilrrg TS T T WS @Dn.um

jf? et 280 'FEfTZf”I’ﬁZ @LTIN@LEZL!-!}
¢ 25‘7 Z*)I'JMMI Mang NQQJ_I’]_(C_{'I\N'DIHHSL Ql\
P38t he lﬂn’%ﬁ NBud B89 Erme- | MY Aloc) WA r enovieiD
ND¢ pabeeigapinedect i on) and extension of the first chain .
5 NO’(ﬁa@ Hdog seduection equglsttepsd%ei hactwihe beind killed; dniogoreaitiction
equals itd 3% ibactdria beingt kilbdii 2 Ibqadetiection eqlald, to($9%. badteria
being kiledc Bdog recuctibe eqdils tolo9. 9Ycaeaqéta peidg killed. '

Comparing the results of the V2 dimer in Table 1 to the V2 monomer.in Table
10 4.the V2 dimer shows a much hlgher efﬂCIency in killing than the V2 monomer.
~ The V2 dimer showed a >6 log reduction (Table 1) at a concentration of

12.5 pg/ml at 4 hours compared to the V2 monomer which shows a 3.23 log

reduction at 12.5 pg/ml and only a 3.97 log reduction at 50 pg/mi (Table 4).

Example 5 Antimicrobial activity of V2 dimer against clinical isolates of

15 P aeruginosa

The antimicrobial activity of the V2 dimer was also tested against several
clinical isolates of P. aeruginosa from the sputum, wound, urine and the eye.
The V2 dimer also showed antimicrobial activity against these clinical isolates
(See Tables 5-8), suggesting that the V2 primer may be effectively used

20 against actual clinical specimens.
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the Lys(Aloc) was renoved (Al oe deprotection) using a
Pal | adi um cat al yst and the second chai n extensi on was

w@erbosrserl. \When al |
second chain had been |inked (i.e
the product was rel eased by acid cl eavage.

conpl et ed),

the am no aci d resi dues iPCT/RG2009/000144
second chain al so

Any renmi ni ng protecting gﬁ‘bups usedt o protect
reacti ve groups of the am no aC| d residues as

TalR8P’ gp{ﬂ\ £

b KJ’E)B@!I Bﬁ:‘fiv'

e vﬁ‘

'uri tth .

ae 110S,

i

S

t li‘lé of P.

of a“

Dul%e‘ﬁ%?é’:ﬂ“”s

ﬁﬂ? of@s e

CO"IQ@B’“’R“P'&%IJJU@ t

eg}fgn?’ﬁ nt |t ge

N ter

an Frmcp

T RE R

lEfif of RGRKVRR
y&( Al oc) - OH
m nus of the pep

g Pn%h%mhate

1 D NO-
tlde

TymrapidrRcalThe
Psqugtsmaleay U2)

aerapmiosaext ensi
Lys( Al oc)

Ies

Fﬁ’ﬁat GAGUD30 S
dIREBFHORR (S
@ouroet he fir

iShigumFol | ow

RAtrPAMBYed an
HIR4BYNO7 44) is
SowroeNSpg@uenp o
ng the second ch

ked to
dPA1sdtABR@30
Ded8d 7oy

f Sbhee: Sputum
ai n

Te X3 &HveneAtioh N

jﬁﬁlpt' de (U3)

e Al @engroup
of RGRKV\RRVV(

'S renq\hqxg and a
SEQ ID NG 46)

thll‘04h
s added by

ormt ()4 Sye Std

ond

Chey) | extenst
2B 1

af t Ay

uc. 7—\Ilt
4+l h

1 lIdI qugé\‘y‘: n:l

uuly\
of thefg

AT fCl C

adf
| nt‘at ad ’A

~
A\PAvAN;

Ile v/h

~J C P\/'FI
hpgpeﬁghdpd Ln

‘%5n1thp h

J
pt prr?ﬁmmus i

riner 802 K) W1

horﬁa&%ﬁeous

epti ded9ri ned,

Froc1198s ( Fnoc)

- OH may2. Iéé

used after the extension of the peptide Uis

co
Tahig

| eted. The sanme peptide U nmay then be extended in
b | Antiricrobial tambiwity séfy V2o dimem adeinsio mhnieak airsiins - of P,

aerug

noea . (Leg e wetidn Nisblated frobi wbhuad 2835°C

(A) Data for P. aeruginosa PAE239 DM5790/07

Diluent for dilution | USP USP Phosphate USP Phosphate
of sample from Phosphate Buffer '| Buffer-
100ug/mi to test Buffer pH 7.2 pH 7.2
concenfiration pH 7.2
Type of Clinical PA2 - PAE 239 | PA2 - PAE 239 1 PA2 - PAE 239
Pseudomonas DM5790/07 DM5790/07 DM5790/07
aeruginosa Source: Wound | Source: Wound Source: Wound
Test Concentration 4 hrs 4 hrs 4 hrs
ug /ml
~50.0 1.35 1.58 1.97
25.0 1.21 1.56 1.40
12.5 1.18 1.52 1.26
6.25 1.12 1.29 1.22
3.125 1.16 1.27 1.22

(B) Data for P. aeruginosa PAE249 DM15013

Diluent for dilution
of sample from
100ug/mi to test
concentration

UsP
Phosphate
Buffer
pH7.2

USP Phosphate
Buffer
pH7.2

USP Phosphate
Buffer
pH7.2
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The method for testing antim crobial

anti m crobi al

organi sns The test organisnms were either

activity of

pepti des used an absolute killing
WOt BdtBe as described bel ow. Preparation of P€€§@2009/000144

ref erence

cul tures obtained from Anmeri can Type Cul ture

Col I ection (ATCC) or
t he Depart rrent of Pat hol ogy,

clini

&2l

i sol ates obtai ned from
Si ngapor e General

Ty%?é]ﬁ%ﬁbgrﬂ%%é sag

aciug mO\$ ast cul ||

T heY S

se S

1o

Test Genceniratign g
ug frat vest ed by

for 4lbr5hours.

centrifugatid

%gi f}?‘égg{ er

The Grfg'ﬁm s
n_and washing t

PhB@.phat e buf

fer, PA87. 2 (

Uni t ed 4364t es Ph

PB4

ar nacopéios,

USPj.0at 200C.

Test4.60gani

ns used.3he foll

bwi ng >4.99

Or g2/ SNBWer

e useglgpn the

study4. 49 Bacil

US Cer 2y

AILM51F/8 Z|.

Cangifga al' b

cans AL 10231

O O NI AC) ==

3 OTgeal.

—PsE H

y ggUﬂdb

23U —L}H%d/ 07

eruglgaéd‘PAt

S|

urce: 1.71 .

AL DO

D[Jul.'b I"F u i

DV6790/ 07. So

ftcar—rseuaot
urce:

Wound 5.

TaAS  dcTl Ugl"llUbd
Cini cal

P

OQOR7

RCZO0J

Pseudononas

P strains_of P.

%IIG\T aer Ugl nosa

D"lé%?téar @iE&QnowBR}‘é

of syepigdratRas a

Jasth

lﬂﬂe‘?
M\WSS Source

CUU’U

’ %P‘ Phosphate
°ho. ©

e':r’h:% 07C
10Qua/mil tntesbseu as aer ugifMfdde2 07DVD23104| P u?ce
compgatration pH 7.2
Type of Clinical PA3 - PAE 240 | PAS - PAE 240 PAS - PAE 240
Pseudomonas DU14476/07. DU14476/07 .| DU14476/07
aeruginosa Source: Urine | Source: Urine Source: Urine
Test Concentration 4 hrs 4 hrs “4hrs
ug /ml :
50.0 2.08 1.88 1.72
25.0 1.58 1.52 1.56
12.5 1.21 1.52 1.42
6.25 1.25 1.52 1.28
3.125 1.15 1.52 1.13

Table 8 Antimicrobial activity of V2 dimer against P. aeruginosa (lL.og

Reduction) isolated from the eye at 35°C IN USP phosphate buffer -

(A) Data for P. aeruginosa 07DM02357

Diluent for dilution | USP USP Phosphate
of sample from Phosphate Buffer
100ug/ml to test Buffer pH 7.2
concentration pH7.2
Type of Clinical Ps-A Ps-A
Pseudomonas 07DM02357 07DM02357
aeruginosa Source: Eye Source: Eye
Test Concentration 4 hrs 4 hrs
ug /ml
50.0 2.41 5.53
25.0 1.76 3.66




11. Pseudononas aer ugi nosa ATCC 9027 12. Pseudonobnas
aerugi nosa ATCC 27853 13. Escherichia coli

wa2009aBisws cal
15. dinical

Escherichi a coli
Escherichia coli

ATCC25922

DB16027 Sour ce: P&I/662D09/000144
DU46381 R Source:

Uri ne

16. Methicillin-resistant Staphylococcus aureus (NMRSA)

DVMD9808R Sour ce:

Eye 17. C3fni cal

St aphyl ococcus aueus

DVA001 Sour ce: Eye 18. CI i ni cal Candi d al bi cans
2“@ AN N 1/ T S Uy AU LSO
1 || Ujr C CD&I@ L] ULI rJlm T s \PAv ) Iu.tl .
Emrn ed nt i obi-al J\nn‘ng gYvas_dissol ved i n
nlmj;gf?éri wat e and14§7qt ribiuted int-84screw apped

Iastlc tubes at a concentration of 1,000 mcro grans

.(B)(lﬁgtﬁfpéP Aprugiesec0 daMPE3336 st ock sol utions and were

kept at -200C On the day of conducting the test, one
of—the—staek selution was—defrostedand dil uted
D”Fﬁn gﬁ YHOR WYeP 1o .a cont gﬁ’r Bhesphate 500 my/ m .
of sqpapledremar | fur'i“ﬁ%ﬁ &ie1 uti pRYff¥ere carried|out in
10Q@ug/u fo tesp %fﬁ%”t e Buf ferPHpHR 7.2 or ot her sol utions
CO'F\@Q%'IQLQPng b tDH(Yt-2I imted to 10 nM sodi um phosphat e
Typeibf Slinipal 7. 4, P4® M pot askPs#B buffer 7.2 or 155.2 niv
Pséladdhona t he Q#3MO0268ZENt F @TDKO23BRGUI red] nornal |y
aemn@girgisag from 65@xcayEge t o SBure/ Fe Ten mcro-litres
Te§tConcEntiaient|eSt f gaNl SM PT ST aatkEdT sed
ug fANcentration was inocul ated into one ml of the
chuna test| sot u§|3@n of —specifizsgest—concentration
luzslbuw de—a—final ﬁskimuﬁ?h—be{—wefji’rs—l——x—%&a cfu/m and
~™25° 1.76 2.15
) 6.25 1.38 1.88 .
3.125 1.07 1.16
(C) Data for P. aeruginosa 07DM023155 -
.Diluent for USP USP . USP
dilution of Phosphate Phosphate Phosphate
.sample from Buffer -~ Buffer Buffer
100ug/ml to pH 7.2 pH 7.2 pH 7.2
test
concentration
Type of Ps-C Ps-C Ps-C
Clinical 07DM023155 | 07DM023155 | 07DM023155
Pseudomonas | Source: Eye | Source: Eye | Source: Eye
aeruginosa
Test 4 hrs 4 hrs 4 hrs
Concentration
ug /ml :
50.0 4.97 3.58 4.30
25.0 3.14 3.23 3.52
12.5 2.77 3.21 2.89
6.25 2.71 2.23 2.77
3.125 1.91 2.00. 2.33
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cfu/m as far as possible.
solutions were than i ncubated at 350C for 4 hours.

The i nocul ated test
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required. After
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r||r1| .2 AT
T IRV,

9027.
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The antimicrobial activity of V2 dimer was also tested for clinical isolates from

at physiological salt conditions using 10 mM phosphate buffer. V2 dimer also

showed antimicrobial activity against clinical isolates from the eye in repeated

experlments (Table 9A, 9B and 90) the wound sputum and urine in repeated
expenments (Table 10A and B), suggestlng that the V2 dimer can also be

used against clinical isolates under physmloglcal conditions.

Table 9 Antimicrobial activity of V2 dimer against P. aeruginosa (Log

Reduction) isolated from the eye at 35°C IN 10 mM potassium phosphate

buffer at 35°C

(A)

Diluent for 10 mM 10 mM 10 mM 10 mM
dilution of Sodium Phophate Sodium Sodium
sample from Phophate Buffer Phophate Phophate
100ug/mi to Buffer Buffer Buffer

test

concentration

Type of

Clinical Ps-A Ps-B Ps-C Ps-D
Pseudomonas | 07DM02357 | 07DM023376 | 07DM023155 | 07DM023104
aeruginosa Source: Eye | Source: Eye | Source: Eye | Source: Eye




The V2 di ner shows anti m crobi al

aer ugi nosa ATCC 9027 in USP Phosphate buffer

waecwongismgy t o US Phar macopei a Conventi on) at
pH 7.2. The antim crobi al

physi ol ogi
efficient,

popul ati on.

cal

activity agai nst P.
(prepared
PCT/SG2009/000144
activity was

showi ng | arge reductions in the bacteri al

(See Table 1).3&he inocul ati ng amount of

bacteria was ~107 organi sns and at 4 hours of contact

e at— 1275 ngrnt—of V2 djer, the—solution—was
—Cr)iﬁ gﬁﬁét'o‘?{jﬂi I igggé. Tabl e 1¢ ARt i mi drobial St giAty 4 hrs
ﬁi heioP.| aeruc/insa|{ATCC 9027 (Log Reduction) in USP

Ud Allhsphate lbuffer pH 712 at 350C The salt solufior .of

_+B800USP nyffer2®ed ahove 223dil ule cobfddred 1o 3.77
pBYEi ol agilcal 28ditions, &8d t heref or 8 1dhe 2.09
ah2bmi crolli al 4ddi vity of 186 V2 di mer168s al $o t esdzd
at6@bysi oljogi cal97sal t {condi tfgons usi ng1 892 MM phosphaie
busfies pH[7.2. oBge V2|di meg 481 SO ai ni@igged nign. 061_ .

antim crobral activity against

at physi ol

ogi cal

P aerugoni sa
salt concentration (Table 2).Table 2

ATCC 9027

(B)Anti m crobial Activity agai nst. Pseudonpbnas aer ugi nosa

ATCC 9027 (Log Reducti on)

in 10 mM Pot assi um Phosphat e

Buffer pH 7.2 at 350C. I'n addition, the antini crobi al
Dilgggttifei t y oflOtrhil V2 di m#0 ks al so| desayied undgnohmhmah
diluiahtofconc ¢ Motadsiom of | Potassiury! NaCPotadsturhesu| Pstassium
sampldifesthed hafte V2| pheBhaRt conpaBbhafe 0Ns| phopRa
100uy/%Pta10 | Wurepd anti eegapi al act pykky at hi pBy&a} t
tesgoncentrati on. Table B Antim crobfal Activity|agal nst
condefidag@nas aerlugi nosa f\TCC 902.7 Log Reducti bn){ ath
Ty ND—= Pl detern gy EAalTp!Taﬁﬁ_f‘(E/fi’gﬁai’i 50 P\S')_.Dtne
CIGadi T WopBAREDR-del bV aRbEdr, 135 | 07DM023104
Pseuo!omonas Source: Eye | Source: Eye | Source: Eye | Source: Eye
aeruginosa L :
Test 4 hrs 4 hrs 4 hrs -4 hrs
Concentration :
ug /ml

50.0 1.77 1.51 3.06 1.54

25.0 1.36 1.45 2.99 1.49

12.5 0.78 1.35 1.68 1.19

6.25 0.69 1.12 1.41 1.09
3.125 0.62 0.76 0.79 0.73

(€)

Diluent for 10 mM 10 mM 10 mM

dilution of Potassium Potassium Potassium

sample from Phophate Phophate Phophate

100ug/mi to Buffer Buffer Buffer

test

concentration

Type of Ps-B Ps-C Ps-D

Clinical 07DM023376 | 07DM023155 | 07DM023104

Pseudomonas | Source: Eye | Source: Eye | Source: Eye

aeruginosa

Test 4 hrs 4 hrs 4 hrs

Concentration

ug /mi




10 am no acid peptide nononers derived from hBD3 as

descri bed previously (WD 2007/ 126392) were al so
waswased4d or their activity agai nst P. aerugi nPEHSGNCL000144

9027. The antim crobial properties of the nonomers of

V2, L2, C2, F2 and H2 in USP phosphate buffer were

st ud| ed and shown in Tabl e32. Table 4. Antinicrobi al

Activity of 10 ami no acid peptide mononer s agal nst

o r\nn—r 41 H
Ub11

domongs ae oS3 —AT 027+ (tog R n) at
;E&_ﬁ I\IL}- IIUF %ﬁ% f ||1 T ?63 T\ | EU é{’d%ti 02']
Zybl s—+o0-168% ‘;19 eri-d hnl\z;J/l ] IJ:d -I 0g rn\lucti on
t0:90%# eria hej ikg’ola 11 Ld; 904476Lr educti on
pn@&ﬁq 99% hé¥t eria bei hd4kill ed: 30418q reduction
eghdRE to 99. 99%Bdact erli a b@i08g ki I|| ed.-OCshparilng t he

results of the V2 diner in Table 1 to the V2 nmononer

in Table 4 .the V2 di mer shows a nuch hi gher
Tallef 101 émtivnicmoblall betivtyt lvfnVR hdinvgr ramzimstr clidibal olated P.
aertigimesaghoyRbductibn) isgldtedifror wouad 28 &ur) asd ufine at 35°C IN-

10 aM peBidsaiue phebpAate ufekm at 4 hours conpared to the
V2 nmonomer which shows a 3.23 | og reduction at 12.5

(A)rg/ M and only a 3.97 log reduction at 50 ng/m (Table

4). Exanple 5 Antimcrobial activity of V2 dinmer
D”L@ﬁifd}st Cli [ T agr Sa The
duuaaﬁ i Croﬁwta hvitypy 6?119{”?/2 dfﬁh;m al s mm“t/s‘%
r inic at es rugi
?g%{lﬁg e ﬂp@ﬁ?ﬁzm vvounquBSﬁ lf%e and Té{%ﬁpha}e The ?fphate ‘
tes al sp showed antim crobial acti vﬁy agai nst Rese
con%hl?étfg?ll ! soI at es (Se(= Tabl es 5 8), suggestl ng |t hat
I i ctivel aaat-hSt
i TR b Eﬁ%’p AR
aerdginosa f &%‘7/(9 i I ns ource Urine DM15013
Source: Wound Source:
Sputum - Wound
Test 4 hrs 4 hrs 4 hrs .4 hrs
Concentration :
ug /ml
50.0 2.54 1.21 1.28 3.01
25.0 2.03 0.78 1.11 2.02
12.5 1.14 0.58 0.72 1.30
- 6.25 0.66 0.40 0.61 0.97
3.125 0.21 - 0.06 0.29 0.26
(B)
Diluent for 10mM 10 mM 10 mM 10 mM
dilution of Potassium Potassium Potassium Potassium
sample from Phophate Phophate Phophate Phophate -
100ug/ml to Buffer Buffer Buffer Buffer
test
concentration
Type of PA1 - PAE PA1 - PAE PA2 - PAE PA2 - PAE
Clinical 230 230 239 239
Pseudomonas | DR4877/07 DR4877/07 DM5790/07 DM5790/07
aeruginosa Source: Source: Source: Source:
Sputum Sputum Wound Wound
Test 4 hrs 4 hrs 4 hrs 4 hrs
Concentration
ug /ml
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aerugi nosa (Log Reduction) isolated from sputum at

350C Table 6 Antimcrobial activity of V2 diner
wa@g@pnsts4gl i ni cal strains of P. aerugi nosa (LORCT/SG2009/000144

Reduction) isolated fromwound at 350C (A) Data for P.

aer ugi nosa PAE239 DVb790/07 (B) Data for P. aerugi nosa

PAE249 DML5013Table 7 AntifAPcrobial activity of V2

di nner against clinical strains of P. aeruginosa (Log

I'(SQI.{I)CII 1y SUQ el : ULIL U{Zfsbc at—356€ {Zq%e;v 159

LAY Y Al

- 1AITT CT U aﬁ VIt et uUun T
HQS Qg: nosz? {HLeg—Redueti-ot nn\ ‘ﬁlglat e ¢h78h-= eye atl-27
Qi% IN-USP phddhat e but £ dr2§ A) a fQ)58B 0.77

A

2848 nos4 07ONEHI5712 5 10/ 3. 17] 6. 250.4060 2./35 0.62

3.34851.37 1.90.21B) Data f &64P. aer ugi h68 07DND233749

(C) Data for P. aerugl nosa 07DMD23155(D) Data for P.
; n geptamhici? -

dlrner vvas al so tested for clinical isolates from at

A EhipaReaihr Bre SPimERRH) el 47, Vi caer b ge R was
madgzagaatst chmmak:leblartémbfaﬂ’géuddn@cmésf@r@ﬁﬁrdsa. repeat ed .
experiments (Table 9A, 9B and 9C) L gl \g/oggg\ aﬁgugum
n BEL ey, et N eoe ahfeiamion Wera detisd carlasdlinical

lsol@\kesmfr@)ﬁi woitliebRg spfem BAY Séd?ﬁé&baaésdééj 'bié ‘B?SThe study

Table 9 Antiamicrobial activity of
shoyad,dhafoder thegveenrlidsolatle) V2 olisneschas mnnnvwabyae aativity to

ger?fél%%nlu NEdP 1M Qpﬁ}t@ﬁs ‘s%rgtgh%pgﬁﬁgr QHE\IV&E ghgr5 Ccl:m‘umlcroblal

activity.

Table 11 Comparision of the antimicrobial activity (Log Reduction) V2 dimer
with_gentamicin against clinical P. aeruginosa isolates from sputum and
wound at 35°C :

V2-dimer V2-dimer Gentamicin Gentamicin
Diluent for USP USP USP USP
dilution of .| Phosphate Phosphate Phosphate Phosphate
sample from Buffer Buffer Buffer Buffer
100ug/mi to
test
concentration :
Type of PA1 - PAE PA2 - PAE PA1 - PAE PA2 - PAE
Clinical 230 239 230 239
Pseudomonas | DR4877/07 DM5790/07 DR4877/07 DM5790/07
aeruginosa- Source : Source: Source : Source:
Sputum Wound Sputum Wound
Test 4 hrs 4 hrs 4 hrs 4 hrs
Concentration ‘
ug /ml
50.0 >4.79 2.52 0.39 3.31
25.0 >4.79 2.69 0.54 3.04
12.5 >4.79 2.36 0.65 3.03
6.25 >4.79 2.28 0.35 3.07
3.125 >4.79 2.04 0.22 3.02




(A)(B) (C)Table 10 Antim crobial activity of V2 diner
against clinical isolated P. aerugi nosa (Log
wRe@aasises) i sol ated from wound, sputum and urPEESGL009/000144
350C I N 10 nM post assi um phosphate buffer (A) Exanple 6
Conpari son of antimcrobial activity of V2 dinmer and
gentamicin A conparison of 4the antimcrobial activity
of V2 dinmer and gentam cin was nade agai nst clinical
L Pgeu ; 010 i .
I e ey BRI AL T both VI Puet B ervapion
were itebteal agsiobhcksicalr molates rfcbranarirsep @hd nsputdnt anpac®dpared
S a 5 The stud howed that for the und
(S¢ERbIE R Vv radreale eomReraHlk peity to gentamicin

agdrit Bdseitilo iE8latdshe sputum i sol ate, V2 di mer showed
hi gher antim crobial activity. Table 11 Conpari sion of

10

he antimcraobial activity (Log Reduction) V2 diner
M@maans«omoﬁh@@tmmr ial activity Ab@@w.
withggriamicin eaainshelinisalhRdaenigitpsa isgate Fieoand wound
at 391 the antimcrobial activity of both V2 diner and
gentamicn were tested against clinical isolates from
urine and sputum and conpared (See Table 6). The V2
di mer al sd \&hdimeer congayadimenact i v| Gentamigent arfiGémamicin
Dilagrstifost t hassPtwo 1 sol|ajgp. Tabl e [[@sFonpart sidnjgp
dilutioe g¥nt i M| @rdipabtact ||\WhdsphlaRy Refppbégite V2 dipRisphate
sarﬁbfem&ﬁntf@lﬁfé? agal ns;dﬂ‘érnaca't gSgSﬁélugl nof’ﬁ. Bﬁﬁer
s fir i ne ar a = 4Hn a thijr
:eos%fgzdy?(?t hd B i cr obi| & 2&ti vi ty BPTH6Eh V2 il Ténd
corfeRtAlbS! 1 were - A
Type of PA3 - PAE PA4 - PAE PA3 - PAE PA4 - PAE
Clinical 240 249 DM15013 | 240 249.
Pseudomonas | DU14476/07 | Source: DU14476/07 DM15013
aeruginosa Source: Urine .| Wound Source: Urine | Source:
. Wound
Test 4 hrs 4 hrs 4 hrs 4 hrs
Concentration
ug /ml ' . :
50.0 1.81 5.19 4.57 2.63
25.0 1.51 3.86 4.18 2.60
12.5 1.40 3.75 3.88 2.50
6.25 1.22 3.73 3.76 2.41
3.125 1.11 3.77 3.66 2.28

In a third study, the antimicrobial activity of both V2 dimer and gentamicin were

tested against clinical isolates from the eye (See Table 13). This study shows
that V2 dimer and gentamicin have comparable activity against P. aeruginosa

isolates from the eye.
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tested against clinical isolates fromthe eye (See
Table 13). This study shows that V2 diner and

w@embAasises n have conparabl e activity agai nst PPCT/SG2009/000144
aer ugi nosa i solates fromthe eye. Tabl e 13 Conpari si on
of the antimcrobial activity (Log Reduction) V2 diner
with gentanicin against clffical P. aeruginosa
i solates fromurine and wound at 350C : Taken

TabRIF3 %mp&k@oﬁ%‘?\‘rﬁe riithiDoRal SRy t(bgﬁ Ry@dL%ltlgﬁf \gglmer _
witH dErfiamidin’ agdinst Bl 585“/@”5? rihdsy i<bBR S fréh 'y IH ,\é’ wound

at Elat V2 Urirer 1may used Wt 1T arm
ntam ci n agai nst m cr oor gani sns. Exanrpl e 7

Antim crobial activity of V2 di ner agai nst other
organi-sns.(A) _Candi al bicans ATCC 10231 Th

ant i ni cr oHiVA-dieen vi 1y Vi@rdigeerdi nef Gegdamioin Cah@eatamicin

Dilsemtifeans AMd$P 10231 wad)SRsted. C| U8Pi cans atUBP2 x .
dilution adF U irPhédphpteosph&thesphéteer wWehesphated W Phospltidte
sardplf feormnt |Buffeent r at | oBsiffer V2 di nBuffand | ncubBlffer f or

108udimits at| 35@Q The fesur s show phiet.2V2 di mepHat 250
testlg, 25 ugland.12.5 ugim achieved| 3.6 to 4 lo

Coﬁ@m@&,bﬁnc aga| nst C. aI b| cans AT£ 10231 . ?’abl e

fapie rTrn TTo HLLIVIL |nSl '\ LG
cn 1'

e i Ui DA RS B o
% '(Lﬁnteéoggé ] (?reJ OﬂﬁC@C Fr7oRHce: Eye -

aef#@éﬂ%& V2 di mer shovad antimcropial activity agai.nst
le 15) Table 15 Ant|microbial Activity

- B, cereus|
Tes{gai nst Bdci | 14B'cer elis ARQUS11778 (LddReduch i on)t brs
Cogmatlon

ug /mi %
50.0 4.31 >4.33 >4.61 >4.33
25.0 3.80 >4.33 >4.61 >4.33
12.5 3.17 = 402 >4.61 >4.33
6.25 3.11 3.75 : >4.61 . >4.33
3.125 2.74 3.35 >4.61 >4.33

Taken together, the above studies suggest that V2 dimer and gentamicin have
comparable antimicrobial activity and the V2 dimer may be used with an

efficacy equivalent to gentamicin against microorganisms.

Example 7 Antimicrobial activity of V2 dimer against other organisms.

(A) Candida albicans ATCC 10231

The antimicrobial activity of V2 dimer against Candida albicans ATCC 10231
was tested. C. albicans at 7.2 x 10° CF U in USP phosphate buffer were
mixed with with different concentrations of V2 dimer and incubated for 4 hours
at 35°C. The results show that V2 dimer at 50 ug, 25 ug and 12.5 ug/ml -
achieved 3.6 to 4 log reductions against C. albicans ATCC 10231. (Table 14)
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(© dinical Escherichia coli DB0016027R I n addition,
the V2 dinmer was able to produce reductions agai nst
wo b@orsises pl e anti bi otic resistant strain of BEPCT/SG2009/000144
DB0016027R (clinically isolated from bl ood) which has

an antibi ogram profile of resistance to gentam cin,
anplicillin and other anti4iotics. Table 16
Antim crobial Activity against E coli DB0016027R (Log

Tab % 295 ZaGhTPE oAt Ehe TR ROZBE (L
‘Re rc‘ﬁpg],ab &h effect ive broad spectrum antl m cr obi aI
Further, V2 dimer's efficacy against a nultiple

Tes?t@fqrrrxgbﬂ réﬁ%rﬁl Sﬁy?ecﬁb(/ g}g{'nﬁ@? Tim&hotd) | Mege edhsetibetion

apeuti c agent against where

ot her antibgotics cannot bg used4 Exaan e 8 3.94

('\/f otoxici f\/ of \/2 diper—TFHe-—evtot eHtret
aglording

oxtett Y of
were tested ﬁgal nst human conj unét ival} cells

tothe et IJQO%OESCH ped i n WO 20gQ/7 126392 andg g@npar ed
with native hBD3. Figure 4 [shows that V2 diner has

cyt ot oxi c. at igoncent rations| of aBout 15 ng/ M~

reduced cy®oR®xicity to hunan cofjunctjival ce&-B& in

however,—the VZ dinmer was not cytotoxic at
concentrations of 100 ng/m . The cytotoxicity profile

- (B) Hadillus oeteds AACGVME7 EDnparabl e to that of the nononer

i des.from 2 t
T Eryghed SEVIY Al VA P pep( R oRigh BYE Y7 e
wad iédtat cvebdidderastiowdd anﬂrhldrb@avacﬂvltyeagaiuggBstceréusﬁt (Table

this dinmer could be used in a host for treating
15)ni crobi al infections and/or reducing the growh of

. Table 15 Antimicrobial Activity against Bacillus cereus ATCC 11778 (Log
'Reduction) at 35°C

Diluent for dilution of | USP Phosphate USP Phosphate
sample from 100ug/ml | BufferpH 7.2 - Buffer pH 7.2
to test concentration
Test Concentratlon 4 hours 4 hours
ug /ml
50.0 2.29 1.70
25.0 2.76 2.04
12.5 2.75 1.32
6.25 0.86 1.26

(C) Clinical Escherichia coli DB0016027R

In addition, the V2 dimer was able to produce reductions against the multiple
antibiotic resistant strain of E. coli DB0016027R (clinically isolated from blood)
which has an antibiogram profile of resistance to gentamicin, amplicillin and

other antibiotics.
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20

m croorganismin the host. Oher diners of the

peptides from WD 2007/126392 are simlarly expected to
w@b®o/13t5e’v hi gh antim crobial activity and | owpCT/SG2009/000144

cytotoxicity. Exanple 9 M ni num I nhi bitory

Concentration (M C) determ nation by broth

macrodi | ution techni que M @4 was determni ned by broth

macrodi l ution method nodified fromthat described by

Tah1 é\'ﬁ‘h'td?ﬁé’# Xe

350k armdar us @ iy o HEOT— Bt A
6 strengt h and wi t hout addition of Ca2+ and l\/gz+ was
usad fgo uytion—Serial twofold dilutions of \?

bt TScmiitione ofeamplefmnad | n MISR Phesehaterytfier pHh7 .2
t 4QPug/da test gencentratigitul um of t est organi sns in NVHB

(1/ 6 dJest@gnpgnivatioradded tol 1 m of each lbursti on of
V2 diner togymél d as final concentration of 104 to 105

colony form0)g units/m 1 n each test tubexg3he tubes

wer e | ncubgized at 350C Tor 16 to 20 nours s p0§|t|ve

control confzasnl ng ont y 1 ne DOT[ —armd—orT lgblll and—=
negat I \VAS] (, IEQDI —tube—cont
a1 1 al ot h t s as Tha

cl'l_bU | |—|UUU | "JClI arT—e1 C ST AvE=J L B~

above—was—Fegeat-ed—f-or—each ;g ;fgr ent tez rganismin

separate experinments. The M C of V2 diner peptide f;r
V2eamherd idhitiedbrdpi! Bt BEARSENEE Mg d"@her® Bcter

as the Iomestrconcgnctﬁ)rea |o§ o% pepta%f éﬁﬁ% % ? 8ena
suggesits that gt mayeoan teffectiess braadgspeciram ﬁmenmrﬁbmSF arthsay, V2

BRG0P RSP PI S copsugpess

thataibimaylbe MnCeffagtival thergsalticsagdnt\dgalhsEwhe& ofHdFedntibiotics

V\B-%iner nd gentam cin agai nst different strains of
cangaf eﬁ&fé’?i ve bacteria Pseudononas aerugi nosa and

Example 8 Cytotoxicity of V2 dimer

‘The cytotoxicity of V2 dimer were tested against human conjunctival cells

according to the method described in WO 2007/126392 and compared- with

~native hBD3. Figure 4 shows that V2 dimer has reduced cytotoxicity to human
conjunctival cells in comparison with wildtype hBD3. Wildtype hBD3: was

cytotoxic at concentrations of about 15 pg/ml, however, the V2 dimer was not

cytotokic at concentrations of 100 ug/ml.b The cytotoxicity profile of the V2
dimer was comparable to that of the monomer peptides from WO 2007/126392

The re‘duced cytotoxicity of V2 dimer to human conjunctival celis and the high
antimicrobial activity of the V2 dimer suggest that this dimer could be used in a
host for treating microbial infections and/or reducing the growth of
microorganism in the host. Other dimers of the peptides from. WO
2007/126392 are similarly expected to also show high antimicrobial activity
and low cytotoxicity.
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Escherichia coliTable 18 MC (ug/m) results of

V2-di mer, Y2-dinmer, W2-dimer and Gentam ci n agai nst
waledobassat strains of G ampositive bacteria PCT/SG2009/000144

St aphyl ococcus ureus. Bacillus cereus and fungi

Candi da al bi cans, Fusaum sol ani Table 19 M C (ug/m)

results of several C-terni #8s nononers agai nst

different strains of Gam negat ive bacteria

ma&g@mmmbndeérfrﬁmwt st rains of G am posi t ive bact eria

St aphyl ococcus ureus, Bacillus cereus and fungi
Candi da al bi cans, Fusari um sol ani Ref erences Canpopi ano
. d,ar ke .. J., Pplfer Cl1
Ml%ngﬁgydg’fﬁr@ine gnbrqﬁ mac?q;&h.\;\@ |me da dﬂgdl@gp, from; that

deStrided004) tiRt I Netioha- @"de'ltiéé rref a@hrﬂ@élh'L&%orétBry Standards
defensin dinners: a novel |ink between beta-def'ensin

(NEehi.i Bhe Mualige Hinten daretha (MHEB) at b streagth and ywithput addition

of Ea anﬁ:‘aﬁg’n“é ?%ﬂ&e@%@%ﬁmﬂ%ﬁg{) ﬁ%@%dﬁi@fshgp B dimer
solGlien ws/p@pased |raNM-IBL(b1635\t$ﬁrhgtii) in (e(?@&@des'r][ﬂerhrﬂtd,ﬂiﬁdctm&n of
shows evi dence of hi

tesgLaé‘%Jn'?%‘%? 3%&@1822.{5” 'ffgﬁqih) wagaddeddm1 v of géyg@l%gtion of V2

< dmiersto J{f@@vﬁé ﬂlﬁéMconEE}ﬁFét%Yl & 167% H'@b%w fo]m'hni%g%ﬂ'nl in

ucture of human bet adef ensi n-

: ea@h rte%tttub@l Toeo ey e“éer@fInbébatedeﬂ’feﬁéf’(ﬁéforJ‘lS moo:eo hours. A

oo AR B o L b o

: tub@ndorhﬂamg |mﬂ3eghes@ro|tm hivdriet alsp Reubdiddy iPfpaitaingroC tindest

analogs of ani ¢ and

ol i ci n_Bi oorgan d
Samﬁfﬁs gi2beng Ay E%anéGfCF g}f@ﬂf& Uiieigst g @roaBlsMn Aeparate

ex&?lﬁ%rﬁt% €ehd MCHA VD Bfhe grl-yﬁgﬁfd%tfgf ¥ <§§ @ﬂqeél%olgileg?? leference

Met hods for determnin ter|C| activit

" organism asoBRe |asager owebl cowentration @mptldeél"latonhlblted visible
' gro%th %Ifﬁ?gteg?gpda% Y Standards (Villanova, PA).

" The MIC was also determined for other peptides and compared to gentamicin. The
" MIC results are shown in Tables 17-20.
20 -

Table 17 MIC (ug/ml) results of V2-dimer, Y2-dimer, W2-dimer and gentamicin

~against different strains of Gram-negative bacteria Pseudomonas aeruginosa and

Escherichia coli

| Test Organism V2- | Y- | wa- V2- | Gentamicin

dimer | dimer | dimer | tetramer

| ATCC 27853

Pseudomonas aeruginosa 12.5

Clinical Pseudomonas | 12.5 12.5 12.5 6.25
aeruginosa
DM 023104 Source : Eye

Clinical Pseudomonas 12.5 25 12.5 6.25
aeruginosa
DM 023155 Source : Eye

Clinical Pseudomonas 12.5 12.5 12.5 12.5
aeruginosa 07DM 023257
Source : Eye




Schibii D. J.,
W encek J.

bet adefensins |l ead to a better

pot ent bactericidal

Hunt er
M, MCray Jr

H N Aseyev V.,

St aphyl ococcus aureus J.
8279 8289 V\D 2007/ 126392C aims 1. An i soI at ed

P. B.,

Bil .

St ar ner

T, D

Tack B. F. and Vogel
WOR009J131348002) The sol ution structures of the RGHEY$2009/000144

under st andi ng of the
activity of HBD3 agai nst
Chem 276(42)

heretr

| UCI TSl C U U it
C'"’lﬁ?lgsf“&é’ Sl con‘prﬂ?i‘ﬁg SF:% | D ,\%’5 6}%)51‘r<agm=:nt
aergPinesei ant thereof |and n p 2. 2. The |soI at ed
07IHMORBAE6 %Wrﬁedﬁr)(@ to clalmil,_wherein the peptides U
Clinica) Rsawdomareget her| d@val bnt2-5. |312%he| i stR-ated 400
aernginosaer accordi ng [to any| one off the pfecedi ng|clai ns,
PABIRI0DR4BAE/0Fept i dgs U are | nkqtd t oget her through at
SolireestSpmgmam no acild B. 4|. Thejisol ated nul tiner
ClimeaPsEuddnichagny orle 1@f5t hetpeegedpry cl ains, wher &
aerh?ﬁ:]oegptl de U conprji ses apy one|of- SEQ I'D NO 3-58 or
pPAE Ms70p/0%ar i ant) therepf. 5. |The isplated myltimer
So&%gor b rgdto“agy one Sf t he Precedi ng cl z:\i s, \\@ierei n
OC o _11asS | e T s e
Chmgcll omﬂrﬁsrrer acco?%ligwggl?g )legsne ?é'?ﬁe
aergpg)@élgbg&%}ﬁé% Havi ng formul a (U nBnZj, whenein U
b 3 or|a fragnment of variant

Sounger: GUﬁne each B conprisestat legst onel aming ac¢id
Chmajahl?ﬁgemiommt twg &R%e| gidlps, 62%oppré-28s any
aergginosaacid, m> 1 :
PAE 249 DM15013 Source
: Wound , : :
Escherichia coli 125 | 12.5 25 12.5

1 ATCC25922 ;
Clinical Escherichia coli 6.25 | 6.25 12.5 6.25 :0.78
DB16027 Source : Blood . '
Clinical Escherichia coli V 6.25 12.5 6.25 6.25
DU46381R Source : Urine

Table 18 MIC (ug/ml) results of V2-dimer, Y2-dimer, W2-dimer and Gentamicin
against different strains of Gram-positive bacteria Staphylococcus ureus, Bacillus
cereus and fungi Candida albicans, Fusarium solani -

Test Organism V2- Y2- W2- V2- Gentamicin
dimer | dimer | dimer | tetramer

Methicillin-resistant 12.5 12.5

staphylococcus aureus (MRSA)

DMO09808R Source : Eye

Clinical Staphylococcus aureus | 12.5 12.5 12.5 12.5

DM4001 Source : Eye

Bacillus cereus 125

ATCC 11778

Candida albicans 12.5 25 12.5 12.5

ATCC10231

Clinical Cadida albicans | 12.5 12.5 12.5 12.5

DF2672R  Source : Urine

Fusarium solani ATCC 36031 25 12.5 12.5 3.125




and j] 0. 7 . The isolated nultiner according to claim

6 , wherein the peptide U conprises any one of SEQ ID
WONReRY133%8t 0 44 or fragnent or variant thereof PCE/SGEH/000144

isolated nmultiner according to any claim6 or 7,

wherei n each B conprises |ysine, ornithine or

arginine. 9. The isolated 40l timer accordi ng to any

one of clairrs 6 to 8, V\/nerein m— n-1 , ]

accor

Teég;@?%éggf? BIK@:M?@I L%&Uﬁ gﬁ; r\T W \Pol at eI% ti ﬁoﬂ;;r

rong- D one UI charnms 6t o8 —wherernmnr=n-1
Pse:ﬁ‘d?fﬁgHéié’ gjﬁgu%%%ﬁ U conprisies SEQ I D NO 44, |and the

nul timer has formua (SEQ ID|NO 44)nKn-i K. 12| The
ATCC@78%%d multiner according tio claim 11, wherein n =

Clificaland Pseudarmonasel 8s |f 9ptnyl a2§ SEQ | D>RD  44) 2KK. 5.
The isolated nmultiper agcordijng tojany one of {he

aer&g}g&g ing clainms, Wwhereiln the nmultinmer is branched.
14. The isolated nultinmgr accordi ngg to any onejof the

DMm2aded i Suyred diyes, Wwhereiln the nultiner is linear. 15.

Clinfeal Pseldaiveshasucl ei £ >#0i d »80 gcub®@ ¢ncodrBQ any| part25f .
aeroginddze whol e of the nul tji mer laccording to any one of
DMta2815% SoediendEyvel ai ps. 16. A viector jconprising the

Clineat Peewdoaainds ol ecul=50a¢cesali ng500 | cl ai ARBEAS. >50
aeruginosa 07DM 023257
Source : Eye

Clinical Pseudomonas 50 | >50 25 >50 - >50 -
aeruginosa ~ ' »
07DM023376 Source . Eye

Clinical Pseudomonas . >50.| >50 >50 >50 ->50 -
aeruginosa

PAE 230 DR4877/07
Source : Sputum

Clinical Pseudomonas | =50 >50 >50 >50 - 50,
aeruginosa -
PAE 239 DM5790/07
Source : Wound

Clinical Pseudomonas 6.25 25 12.5 >50 25
aeruginosa :
PAE 240 DU14476/07
Source : Urine

Clinical Pseudomonas aeruginosa >50 >50 50 [ >50| 50
PAE 249 DM15013 Source : Wound 4
Escherichia coli ATCC25922 25 >50 12.5| >50 | 12.5
Clinical Escherichia coli 25 >50 6.25| >50 | 6.25
DB16027 Source : Blood

Clinical Escherichia coli DU46381R 25 50 6.25| >50 | 12.5
Source : Urine




17. A host cell conprising the nucleic acid nol ecule
according to claim15 or the vector according to claim
wag09a8154A net hod of preparing the nultinmer acPCI/EGHHI/000144
to any one of clainms 1 to 14 conprising linking at

| east two peptides U together. 19. The net hod
according to claim 18, whed8in the nultiner is.
formula (UynBngZj, conprising (i) prow ding at | east

BRS03RK Sund b ! B hink S Th{
TR e SR gl
albia0k 96 8 My aC| res é{

renovi ng t e protectlng group(s) fromthe I|nked B
am no acid resi due(s) (v) pr OVI ding additional chain

TeSVG@AREMAN DY TNKITg p@g{et i {5 agr ¢ REsTdues; Y4
according to the sequegag ”8}\!& p%ﬁw de mlclnt)ﬁ‘\%fn t Mdnomer

MeHiGTirdEEiahio e N tgrmrnus,  wierer mafjter—eacn;

stabhﬁ&id&@us Lheud ,@hgg;l ng groups arje renmgved for t‘_he
DMUSBYSE: | SHUrEW: Eve’1 ) tarmnating the 1inking of amino

Clim&d oty nyr —gfsgrestduesHt
Dwﬁgégté !og_g&ﬁjs(w [ ; cgtgloon( Py, rellllégsay n>é§0t he rn,lhltzlsrjrer ;
BadiildBardlg sof rd phase. 20 The metthod—agcording—tio
claim 19, further conprising, aftler step (iv): (|v)(a)
[inking further protected B resi dues ta the |inKed
Mdi8 sy (iv) (b reqoving the protectling grou (s)

bican® r esi dues fr?ém ({v$9a) ;| 1@i%) (@P r epeat|ilAp

1® 39\%1;\ nn;i (ianl( ‘50, , erol v)l(d) prloceedinglto
§ I9ad ( @bjcans >5 125 | >50 25
DF 672[J ( gource ‘Jrlnqe

Fusarium solani ATCC 36031 50‘ >100 25 >100 12.5
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21. The nethod according to claim19 or 20, wherein

each B conprises |lysine, arginine or ornithine. 22.
wab@omretsod according to any one of clains 19 POI/RG2009/000144

wherein the peptide U conprises any one of SEQ I D NO

3 or fragnment or variant thereof. . 23. The nethod

according to any one of clns 19 to 21, wherein the

gipt |Tﬂe U clorrprijses any one of SEQ ID NGs: 36 to 44.

. e isolated multimer according to any one of

R—e]fél’féﬁ&_% 1 to 14, 48-49 and 51-57, for inhi >t/)iti ng and/ or

reducing the growth of at |east one mcroorganism 25.
CanTtidnd@.a} thrka)I0L. iJetolfac &b Cdi BegranpPdnylLangteyoR. | Gyams J.1R..
Maxwll1A., 4Bd 4orim)d).SR: §2004) oBtruchwetactivitye stlatiogships | in agafensin
dimerdea Fbwd Ok Bétwicsh detd-defensdbtertne sirgaliratand amtimidrokial activity.
J. BRt.@CHeth 2TR(4D):4807 1e¢ne of clains 1 to 14,:48-49 and

51-57, for use in eye drop conposition(s) and/or
Hoavet DIM.pRé&jsphamkal Br R¢ @iuraertthal &hsPwbAuQpeapkgim L7, Ghgrtov O.
andanhd riubkobskil J.c (BRI The rstrsicivpe i ofi higmameaigrieiepsip-2 shows
evideacooithighprtooderrofigomerization. JaBied. Qhano 274(42):829H1-8nd

51-57. 28. A pharmaceutical conposition conprising the
Hoavat D,MerChectour@i agd tLobkewskbde (880101 Hhaysiryctyrs afshuman keta-
defensih-5 1 inSightsp dnto Tteucturel wrapestissap’ detmeaPesion &cBinldChgm-
276(42)8P@2 11627 or the pharmaceutical conposition '

-according to claim28, wherein the conposition Fl S
KrafewiskiuKat Marghendt 6piengl, , Y6 -alPomsaipenY g Roller, P. P. (2004)
Syrdhisisranst HiM-1 diegriase inhibitory activity of dimeric and tetrameric analogs of
indolicin Bioorganic and Medicinal Chemistry Letters 14: 5595-5598.

National Committee for Clinical Laboratory Standards (1987) Methods for determining
bactericidal activity of antimicrobial agents by National Committee for Clinical
Laboratory Standards (Villanova, PA).

Schibli D. J., Hunter H. N. Aseyev V., Starner T, D. Wiencek J. M., McCray Jr P. B,
Tack B. F. and Vogel H. J. (2002) The solution structures of the human beta-
defensins lead to a better understanding of the potent bactericidal activity of HBD3
against Staphylococcus aureus J. Biol. Chem. 276(42) :8279-8289

WO 2007/126392
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for adm nistration by inhalation. 30. The
antim crobial conposition according to claim27 or 29
woeotvhgsphar maceut i cal conposition accordi ng tBCT/EG2009/000144

28 or 29; wherein the conposition is suitable for
eyedrops and/or contact lens solution. 3 1. A contact
| ens sol ution conprising tR8 nultinmer according to any
one of clains 1 to 14, 48-49 and 51-57 and/or the

i m crobi al conposition according to claim27 or

‘*@@—32 A conposition for coating a device conprising
the nmultinmer according to any one of clains 1 to 14,

1. 48- A9 igniated TnBTMiMe3 Df daferein peptidex eftfowntila @J), wherein U is a
conpeystidel compriging SHQ IDNO] 2iomaFagridnt ok \B#ibNE thereof and n
accapding to claim33 wherein the device conprises a
nmedi cal device. 35. A device according to claim 33 or

2. 34 Thelsdidtet meulbRIer GRcBRITRY 6 SR ?@W’i@{eﬁf the2p 8BSy are
a siifebhogéthet 88ValBhty® dressing. 36. A kit conprising
at | eéast one nultiner according to any one of clains 1

3. 10 e igtiatdd muftiRdr Ezcorﬁind ﬁ?%ﬁ'%e?r %‘Ptthg' egﬁlﬁb claims,

throy

CONPRSIciH He ééﬁﬁ’&ég Ugarteoh ed Esf‘ ne amino
Ieaac,g,d e pharmaceuti cal conmposition ac ord in

claim28 or 29; disposed in at |east one swtabl e

. Contil ReYjated 'mu 5908 R tdr{éqof"?iqé rebEGHG' Hims,
* th ﬁér%mlt ﬁl d Ce{rg/gogen ggg f\%ﬁég 58mor

'CO%%‘% ac!c@?'&ln}wg"e?%rany one of cl a| m 1to 14 48-49

5 ZggTéeéllsﬁo atgg%lu 1 b he?g mr'dg{gc oog'nflt one gP?he precedlng clalms

wherel he pep’u as a charge of + 1 to +11.

6. The 'isolated multimer according to any one of the preceding: claims,
having formula (U),BnZ;, wherein U comprises SEQ ID NO: 3 or a
fragment or variant thereof, each B comprises at least one amino acid -
having at least two amine groups, Z comprlses any amino acid, m = 1

andj=0.

7. The' isolated multimer according to claim 6, wherein the peptide ‘U
comprises any one of SEQ ID NOs: 36 to 44 or fragment or variant
thereof.

8. The isolated multimer according to any claim 6 or 7, wherein each B

comprises lysine, ornithine or arginine.

9. The isolated multimer according to any one of claims 6 to 8, wherein
=n-1,j=1, B=Z =K, the multimer has the formula (U)K, 1K and U
comprlses any one of SEQ ID NOs: 36 to 44.

10.  The isolated multimer according to claim 8, wherein n = 2, the multimer
has formula (U).KK and U comprises any one of SEQ ID NOs: 36 to 44."

11.  The isolated multimer according to any one of claims 6 to 8, wherein
m=n-1,j=1, B =2 =K, U comprises SEQ ID NO: 44, and the
multimer has formula (SEQ ID NO: 44),K..1K.

12.  The isolated muitimer according to claim 11, wherein n =2, and the
multimer has formula (SEQ ID NO: 44),KK.
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38. A nethod of treating at |east one m crobi al
i nfection conprising adm nistering to a subject at

wo e@sti3we nul ti nmer according to any one of clBETEG2009/000144
14, 48-49 and 51-57; at |east one antim crobial
conposition according to claim27 or 29 and/or at
| east one pharmaceutical cbéfposition according to
claim28 or 29. 39. A nmethod of inhibiting and/or

r eddgci f_at.l t.one mcrporganismin a
ST PR B L1 B da
| ea S T 5 5%'?%“ to any one of clains 1 to

14,-48-.4 nd 51-57; at |east one antim.crobial . .
14cor@é%i'?@ﬁ%ﬂa@ﬁjﬁ%‘?ﬁn@c?@dm%i%a@y e f’g] tBadreredipg claims,
| ea¥PEGHR I BhAMHEREUP EER - conposi ti on according to
claim?28 or 29. 40. Use of a nmultiner according to any
15.0neApfisQiptgdnaucieie @cid malecule ensgding- amy pagroftarghe whole of
narifiedoviimer eccaigdingta any podichthepresedingi daimst 1. Use
according to claim40, wherein the anti m crobi al
16.compesttor conmipsisingr thermhidigit iacigl mbtbcate acrtudingdotciem 15.
. growth.of at |east one microorganismin a subject. 42.
17.Us €A dfosa caMicbhpeisirRc #1@f Biid18ict fcidmyoleBfle Hecordthgto kidif 15
a

14, or4Be4Rciit@cedrdimy td Ohirh . manufact ure of
medi canent for treating mcrobial infections.43. Use

18.0f & 157 ' i i Lal - .

45 3075 T prBRpi b fRa RRRIRG 15 oy Bhorof daihs 1.0
conffbedmpdsingidking atdéastiten mapdides W togetwdr. | ens .
solution. 44. Use of a nultinmer according to any one

101 eI b e B g g o o

)nBmZj, comprising -

(i) providing at least one solid phasei
(i) coupling at least a first amino acid Z to the solid phase;
(iii) linking at least one protected amino acid residue B to the coupled Z;

(iv) removing the protecting group(s) from the linked B amino acid

residue(s)

(v) providing additional chain extension by linking protected amino acid
residues, according to the sequence of the peptide U frdm the C-
terminus to the N-terminus, wherein after each linking, the protecting
groups are removed for the next linking;

(vi) terminating the linking of amino acid residues depending on the

number of residues to be added; and
(vii) optionally, releasing the multimer from the solid phase.

20.  The method according to claim 19, further comprising, after step (iv):

(iv)(a) linking further protected B residues to the linked B residue(s);
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45. Use according to claim44, wherein the device is a
nmedi cal device. 46. Use according to claimd44 or 45,
wob@wasrs4g he device is a catheter, a needl e, arPGIeGLIN9/000144
a stent or a dressing. 47. A nethod of preparing a
peptide multinmer of fornmula [(ULl)(U2)]n/2(C)n/2BnZ
V\herel n each of Ul and U2 2dnprises a peptide with UL

n = 2X where x = 0 or a positive integer, m= 1 or

O; q fo (i Vi di e
0 g 8 R b, BB Pedlbb RS 060
Z to the solid phase; (iii) optionally linking at
| edét)(®)mepeatingsstapi(it)(B) and iivibg,oarpl ed Z; (iv) linking
at | east one protected amno acid Cto Z or B; \Ngereln
C ast t dlfferentlally protecte ,
gr o@@)@) p?8§e \/cf ﬁtgpém??'?%{\’)pr otecting group fromthe
l'inked anmino acid C to expose a first reactive side
21.chdile nfethdd prazordihg do cdhigibh 19xbeRS| WhebéindehdH B compnses
pepyside, &fyirdige bherrdithired, reactive side chain of C _
(vil) removing a second protecting group fromthe
22! nh%in%tﬁaanacm;ﬂgtt% ﬁﬁ&% Y élSnﬁ?é 1® $%N duherein the
reagdiiig 1§!din ‘fdé By RYY: 4 39 fr%@ t or variant

extiggipn of secon to the sec
reactive SI de chai n of C 48. An isol ated peptide

03 g‘ﬁgﬁ{g);er forrrul a [%Ulé)%u% /2( Q) n/ %?né Zahevc%rgﬁg% é

B &% ompnses a y one o NOs 36 to 44,

24.  The isolated multimer according to any one of claims 1 to 14, 48-49 and
51-57, for inhibiting and/or reducing the growth of at least one
microorganism.

25.  The isolated multimer according to any one of claims 1 to 14, 48-49 and
51~ 57 for use in treatmg at least one microbial infection.

26. The |solated multimer according to any one of claims 1 to 14, 48-49 and
51-57, for use in eye drop composition(s) and/or solution(s) and/or
contact lens solution(s).

27.  An antimicrobial composition comprising the multimer according to any
one of claims 1 to 14, 48-49 and 51-57.

28. A pharmaceutical composition comprising the multimer according to any
one of claims 1 to 14, 48-49 and 51 57

29. The antimicrobial composition according to claim 27 or the
pharmaceutical composition according to claim 28, wherein the
composition is formulated for topical, oral, parenteral administration or
for administration by inhalation.

30. The antimicrobial composition according to claim 27 or 29 or the
pharmaceutical composition according to claim 28 or 29; wherein the
composition is suitable for eyedrops and/or contact lens solution.

31. A contact lens solution comprising the multimer according to any one of
claims 1 to 14, 48-49 and 51-57 and/or the antimicrobial composition
according to claim 27 or 29.
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45

conprises an anino acid wth at | east two am ne

groups, Z conprises any amno acid, n = 2X, where x =
wWQ@2@p/1a5posi tive integer, m= 1 or 0. 49. The PEDBG2®OY000144

peptide multimer of claim48; wherein Ul or U2

conprises SEQID NO 2 or a fragnent or variant

t hereof. 50. A nethod of pbP&paring a peptide trinmer of

formula U3U2CU1Z, wherein Ul, U2 and U3 each conprises

a C o
27 et el BTEb et g’% Al A e
then\é 88 |st|O es‘?% (1) prowdlpg at i
Iea t, one sol.i ase couping at | east a first
3-am AdeyiGeLont ?g"‘{?‘gea s 85’ %§6°°r§mﬂ fa ¢laim g2evi di ng
chai n extension of peptide Ulto Z; wherein, (A) the
34.peph idg¥iceracaording tg dmm&%ybﬁ@juéh@dgvices:mpmmmaedncal
usugv®e.TZ, the nethod further conprises: (iv) linking
"a differentially protected amno acid C to an am no
35.aciAl deviqeepteatdinglio (hajm r33mor BAgwiRerkin siie BEQiceCidrifrises a
gr atgihétena hbedlel Blshdamianedarth Siessiig. providing for
chai n extension of peptide U2 to am no aC| d C (vii)

36." EMRKitNkh rﬁﬁg’ﬁfj!éﬁs@%ﬁ@%@ﬁnﬁ?%‘é@ofdﬁé“t 'dn'ék@fdc laims 1

amgo 1"40' @g (3.5¥) @é{é F\tl I: Bbg Hlon

of Bg 4131 79R060 frd: qﬁg crica

B, tﬁpnﬁlﬁgré%r r , spose bne :
&

t he conta n

37. A method of lnhlblting and/or reducing the growth of at least .one

microorganism comprising contacting the microorganism with at least
one multimer according to any one of claims 1 to 14, 48-49 and 51-57 -
and/or the antimicrobial composition according to claim 27 or 29.

38. A method of treating at least one microbial infection comprising -

administering to a subject at least one multimer according to any one of -
claims 1 to 14, 48-49 and 51-57; at least one antimicrobial composition
according to claim 27 or 29 and/or at least one pharmaceutical -
composition according to claim 28 or 29.

39. A method of inhibiting and/or reducing the growth of at least ‘one
microorganism in a subject comprising administering to the subject at
least one multimer according to any one of claims 1 to 14, 48-49 and
51-57, at least one antimicrobial composition according to claim 27 or
29 and/or at least one pharmaceutical composition according to claim
28 or 29.

40.  Use of a multimer according to any one of claims 1 to 14, 48-49 and 51-
57 for the manufacture of an antimicrobial composition.

41.  Use according to claim 40, wherein the antimicrobial composition is for
inhibiting and/or reducing the growth of at least one microorganism in a
subject.

42.  Use of a multimer according to any one of claims 1 to 14, 48-49 and 51-
57 for the manufacture of a medicament for treating microbial infections.
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(iv) linking a protected anmino acid B to an am no acid
of peptide Ul; (v) renoving the protecting groups from

wa b@ol13xskeed ami no acid B; and (vi) providi ng fRCT/SGZ09000144

43.

44,

extension of two peptides Ul to the amno acid B; or
(O W =U3 U, C=B, and the peptide conprises
fornula (U2)2 BU1Z, the met#hod further conprises: (iv)
linking a protected amino acid Bto an anm no acid of

pe@ti %ﬁ Ul; Eﬁ\% r enpyi ng. h rotf%%.mg,] o P4pss HHYR )
hese of AUl ceoIng! opne. ims1 K d 51
e L e e
acfed/r sontachlensSAIMAY peptide trimer of formul a h

U3U2CULZ; wherein Ul, U2 U3 each conprises_ a i de;
C beamfiaseyltiareranonsdiag itel apy w5 ofi Gy Mt ﬂ%éﬁt E’?\% and 51-

- anbAdomgtheupanafadtuze of pranaeesition, foieoAENAG 4BVIeR.  The

45.

i solated peptide triner of claim5 1, wherein the
pepskdrRcbrdingto tiairhMan eiheteiatthaieviceds adnedicaBdevies

.isolated peptide triner of claim5 1 or 52, wherein

46.

47.

48.

49.

50.

UL J0scddRiiRgod E1aImRI44 ep 48EQHdPINGhe2devica ié rangatieter, a
°rn¥é&|laj°15%,hte ] ePdtenPdr a HRsssirep! at ed peptide trimer of
any one of clarms 5 1 to 53, wherein U2 = U3 Ul, C =

B and the RePtdrde f s es (YartidBUl 4nultimer of  formula
[(UN)(UD)]w2(C)n2BmZ wherein each of U' and U? comprises a peptide
with U'# U? .n = 2 where x = 0.or a positive integer, m = 1 or O;
comprising the steps of: -

(i) providing at least one solid phase;
(i) coupling at least a first amino acid Z to the solid phase;
(iii) 6ptionally'linking"§it least one amino acid B to the coupled Z;

(iv) linking at least one prot—ectéd amino acid C to Z or B; wherein C
comprises at least two differentially protected groups;

(v) removing a first protecting group from the linked amino acid C to
expose a first reactive side chain; ‘ :

(vi) providing chain extension of a first peptide U’ to the first reactive
side chain of C; ‘ ‘

(vii) removing a second protecting group from the linked B amino acid to
expose at least a second reactive side chain; and

(viii) providing chain extension of a second peptide U? to the second
reactive side chain of C.

An isolated peptide multimer of formula [(U1)(U2)1]n/2(C n2BmZ, wherein
U' and U? comprises a peptide sequence with U’ # U*, C and B each
comprises an amino acid with at least two amine groups, Z comprises
any amino acid, n = 2%, where x=0or a positive integer, m = 1 or 0.

The isolated peptide multimer of claim 48; wherein U' or U? comprises
SEQ ID NO: 2 or a fragment or variant thereof.

A method of preparing a peptide trimer of formula UU*CU'Z, wherein
U' U? and U®each comprises a peptide, C comprises an amino acid
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55. The isolated peptide trimer of any one of claims 5
1 to 53, wherein UL = U3 U2 and the peptide conprises

wo eoombE48J1U2CULZ. 56. The isol ated pepti de trPOBESGLN/000144

any one of clainms 51 to 53, wherein Ul = U2 U3 and
the peptide conprises fornmula U3ULCUlZ. 57. The
i sol ated peptide trimer obfbany one of claims 5 1 to
53, wherein Ul = U2 = U3, C = B, and the peptide

Coc rrnlpﬁgfgr’\gfa?rlggsltafwgué%%e%%%ps and Z comprises any amino acid,
the method comprising the steps of:

(i) providing at least one solid phase;
(i) couping at least a first amino acid Z to the solid phase; and
(iii) providing chain extension of peptide U'to Z;

wherein, SA) the peptide trimer is a heterogeneous peptide of formula
UBU?(C)U'Z, the method further comprises:

(iv) linking a differentially protected amino acid C to an amino
acid of peptide U";

(v) removing a first protecting group from the linked amino acid
C;

(vi) providing for chain extension of peptide U2 to amino acid C;

(vii) removing a second protecﬁng group from the linked amino
acid C; and

(viii) providing for chain extension of peptide U3 to amino acid C;

(B) U2 = U3'= U',:C = B, and the peptide trimer comprises formula
(U1)ZBU1Z, the method further comprises:

(i\{) linking a protected amino acid B to an amino acid of peptide
U’

(v) removing the protecting groups from the linked amino acid B;
and

(vi) providing for chain extension of two peptides U’ to the amino
acid B; or

(C) U2=U% # U', C = B, and the peptide comprises formula (U%) BU'Z,
the method further comprises: ‘

(i\{) linking a protected amino acid B to an amino acid of peptide
U5

(v) removing the protecting groups from the Iinked'amino acid B;
and

(vi) providing for chain extension of at least two units of peptide
U? to amino acid B.
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51.

52.

53.

54.

55.

56.

57.

56

An isolated peptide trimer of formula UPU?CU'Z; wherein U', U2 U®
each comprises a peptide; C comprises an amino acid comprising a
least two amine groups and Z comprises any amino acid. :

The isolated peptide trimer of claim 51, wherein the peptide trimer is
branched at amino acid C.

The isolated peptide trimer of claim 51 or 52, wherein U' U" or U® each
comprises SEQ ID NO: 2 or a fragment or variant thereof.

The isolated peptide trimer of any one of claims 51 to 53, wherein U? =
U® # U', C = B and the peptide comprises (U?), BU'Z.

The isolated peptide trimer of any one of claims 51 to 53, wherein U’
U® # U? and the peptide comprises formula U'U?CU'Z.

The isolated peptide trimer of any one of claims 51 to 53, wherein U’
U? # U and the peptide comprises formula usu'cu’z.

The isolated peptide trimer of any one of claims 51 to 53, wherein U’
U* = U C = B, and the peptide comprises formula (U'), BU'Z.

PCT/SG2009/000144



