WO 2007/126392PCT/SG2007/000121 Antimicrobial Peptides Field of the
invention The present invention relates to antimicrobial peptide(s). In
rti the invention relates to analogs of hBD3, their derivati
ﬁér%@r?ézé}ézreof. Background of the invention Defensins are Snifglsfg_{gzoomooul
kDa cationic endogenous proteins constrained by three disulfide bonds
and are primarily known for their antir:]nicrobial activity (Raj PA. and A.R.
Dentino, 2002). Defensins have been’'shown to be key elements in the
innate immune system of many organisms, the first line of defense against
invading pathogens. They also act as chemoattractant agents for
monocytes and dendritic cells in nlg%:ﬁgls“geang et al, 2001). In humans,
there are currently six a- s, rophil peptides (hNP1 to
hNP6) and four 13-defensins (hBD1 to hBD4). As a class of peptides,
Fielefeingrhardibroad anti-microbial activity against Gram-negative and
Gram-positive bacteria, yeast, and some enveloped viruses including HIV,
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effects of antibacterial peptides including 8-defensins on bacterial and
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these circumstances Accordingly, cytotoxicity may be considered a major
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present invention seeks to address the problems above. In particular, the
invention provides an isolated antimicrobial peptide and uses thereof.
According to a first aspect, the present invention provides an isolated
antimicrobial peptide, wherein the peptide is a linear analog of hBD3 or a

fragment thereof, provided that the analog is not SEQ ID NO:28 and the
franment ic nnt anyvy one nf SEFO ID NOD<e 21 tn A



Any one of the cysteine residues of hBD3 may be replaced with any other

amino acid or a derivative thereof, or may be replaced with a protected

cysteine residue or derivative thereof, or the cysteine residue may be
WOARER2PRL isolated peptide may comprise the amino acid squQ%ﬁgéOBF/OOOIZI

any one of SEQ ID NOs:2 to 12 or a fragment thereof, wherein any one of

Xi, X2, X3, X4, X5 and X6 is: any amino acid except cysteine; a protected

cysteine residue or derivative theredf except C[Abu]; or the amino acid is

not present. According to a second aspect, the present invention provides

an isolated antimicrobial peptide, wherein the peptide is a linear analog of

hBD3 or a fragment thereof and comprises the aminq acid sequence of
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NOs:l:_% to 25, or a fragment thereof. In particular, the isolated peptide
of B-qefapsisssandnminerasiipaayiie midareficdnebSIeSD NOs:13 to 18,
or a fragment thereof. The protected cysteine residue may be any one of
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or C{Cam). The isolated peptide 4 may also comprises the amino acid
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cell type compared to the wild type hBD3. The present invention also’
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to bdRpeiRRdRERIIdRCa HasHBRH AN QieRliBRCUANG tAriaY asRRELAS BETAbU]-
hBI:);%resent invention. The polynucleotide may be comprised in a vector
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invention is a hagst cell comprising a polynucleotide according to
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pharmaceutical composition comprising at least one antimicrobial peptide
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administration. In particular, the pharmaceutical composition is formulated
undegstafthinistration by injection, inhalation and/or topical application. The
pharmaceutical composition may be an antimicrobial composition.
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prodgl%@%position, and/or at least one antimicrobial composition, each as
escribed herein. The present invention further provides a device coating,
wherein the coating comprises at least one pharmaceutical composition,
at least one antimicrobial composition, and/or at least one peptide or
fragment thereof, each as described herein. The device coating may be a
medical device coating. Also provided by the present invention is a device
coated with at least one coating as described herein. The device may be
but is not limited to a catheter, a needle, a sheath, a stent, a contact lens

and/or a dressing. According to another aspect, the present invention
nrovidec a kit comnricina at leact one antimicrohial nentide at leact nne



The present invention also provides a method of treating at least one
microbial infection comprising administering to a subject at least one
antimicrobial peptide, at least one pharmaceutical composition, and/or at
WRE8 B IRAtimicrobial composition, according to any aspect dt{heG2007/000121
invention. Another aspect of the present invention is a method of treating
at least one multi-drug resistant microorganism comprising treating the
microorganism with at least one artimicrobial peptide, at least one
pharmaceutical composition, and/or at least one antimicrobial
composition, according to any aspect of the invention. Accordingly, the
microorganism in any one of the methods described may be
SumrBapgeidbenalienBtaphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, Bacillus cereus, a virus and/or a fungus. The present
The BPXEBHPHIERINP YHERAEI 4 HEES R SREHIGAS HBBUSING Gsurticisenrthe
: atleast one analog of hBD3 or a fragment thereof to at least one cell of
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reduced cytotoxicity to the cell of any cell type compared to the wild type
AccoM%Qjtd\nalthmrs@?aepta@f,thmerqs}@ﬁém/gmmﬁa npEthodesf desigsivigied
_ peptide analog, or fragment thereof comprising, deletin re
ant'”ﬁ?@?@ﬁé,ﬁ’@ﬁ%g@@?&ié B &%&S{gidé Wit mzfr@o%e%rw aqnicr?oqi%géorog @
fragnéigiivativedberepboieithtaairdtectedaipgeisenetiGieCorBeiNa@ and the

thereof, administerin l,.and determining a reduced cytotoxicity. 7
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a-defensin 3 not previously reported: W6, F6, Y6, SO, A6 and C(Acm)6.
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on C18 (150 mm x 3.9 mm, 5 gm, 100 A), flow rate 0.2 ml/min; gradient
Accok@irf?aof glupiidAdn 32pade, i rer8Bedi Rnslittivatogrevidasndn =isolated

1132.9 (IM+5H154) in ESI-MS analysis of purifled W6 on,C18
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3.9 mm, 5 um, 100 A), flow rate 0.2 ml/min; gradient 18:38%»0f glugntsi
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X8 iPWiipdWROBGL 8X3SH: ystside) mproteptedlOBintawsiatec0o derivative
ml/min; gradient 15_3-38F‘go of eluant B jn 32 min. Figure 9A. UV
thergRfSrarR) S BIb R8s PEIPEL (‘f&f’ﬁﬁﬁeﬁ%. mm, 5 um, 100 A), -
flow rate 0.2 ml/min; gradient 18-38% of eluant B in 32 min. .
The isolated peptide according to any aspect of the present invention may

comprise the amino acid sequence of any one of SEQ ID NOs:13 to 25, or a
fragment thereof. In particular, the isolated peptide comprises the amino acid
sequence of any one of SEQ ID NOs:13 to 18,.0r a fragment thereof. The
protected cysteine residue may be any one of C(Acm), C(But), C(t-Buthio),
C(Bzl), C(4—Me-le), C(4-MeO-Bzl), C(Mmt) or C(Cam). The isolated peptide




Figure 98. SIR chromatogram at m/z = 1086 ([M-1-5F1]54) in ESI-MS
analysis of purified F6 on C18 (150 mm x 3.9 mm, 5 pm, 100 A), flow rate
0.2 ml/min; gradient 18-38% of eluant B in 32 min. Figure 9C. ESI-MS
WARARTE28 Durified F6 on C18 (150 mm x 3.9 mm, 5 um, 100 RS oW a{Q00121

0.2 ml/min; gradient 18-38% of eluant B in 32 min. Figure 9D.
Deconvoluted MS spectrum in ESI-MS analysis of purified F6 on C18 (150
mm X 3.9 mm, 5 pm, 100 A), flow rédte 0.2 ml/min; gradient 18-38% of
eluant B in 32 min. Figure 10A. UV chromatogram of purified Y6 on C18
(150 mm x 3.9 mm, 5 um, 100 A), flow rate 0.2 ml/min; gradient 18-38% of
eluant B in 32 min. Figure 10B. SIR chromatogram at m/z = 1105

may gisr-SPMRATESItIESHRK) DS SRAHRICEODAI2E 9 Mk %’ﬁ% o

45 ori¥rd§fént Heerdate 0.2 mi/rnin; gradient 18-38% of eluant Bin 32 min. 9
Figure 100. ESI-MS analysis of purified Y6 on 018 (150 mm x 3.9 mm, 5
pm, 100 A), flow rate 0.2 ml/min; gradient 18-38% of eluant B in 32 min.
Figure 10D. Deconvoluted MS spectrum in ESI-MS analysis of purified Y6
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18-38% of elugnt B in 32 min. Fi 11A. UV chromatogram of purified
cell t)é%eo?%f‘f@'ﬁgag %@Eﬁ?ﬁ '?sggfrﬁ 100 A), flow rate 0.2 ml/min; -
gradient 18-38% of eluant B in 32 min. Figure 11B. SIR chromatogram at
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analysis o ed Ab on 018 (150 mm x 3.9 mm, 5 pm, 100 A), flow rate
polymuzieotids ageaidinoiie-38Yeasathnt B in 32 min. Figure 12A. UV
chromatogram of purified 56 on C18 (150 mm x 3.9 mm, 5 pm, 100 A),

Anothy raig)8e2 MiMmimcoraiasnk8-FRUnabaluat B imddimicelFigompading a
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comBraien 12@8Vaefifowaed byIhnisp¥étof the invention.
2007/126392PCT/SG2007/000121 10 Figure 120. ESI-MS analysis of
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The pharmaceutical composition may be an antimicrobial “compossition.
Accordingly, the present invention provides an antimicrobial composition
comprising at least one peptide or fragment thereof according to any aspect of

the invention and at least one non-peptide antimicrobial agent.

The composition according to any aspect of the present invention may be for
topical administration and may also be suitable for treatment of skin and/or
“mucous membrane(s). The compositidn may be in the form eye drop(s)
composition or solution.



Figure 13C. ESI-MS analysis of purified C6 on 018 (150 mm x 3.9 mm, 5
pm, 100 A), flow rate 0.2 ml/min; gradient 18-38% of eluant B in 32 min.
Figure 13D. Deconvoluted MS spectrum in ESI-MS analysis of purified C6
WER0081265% mm x 3.9 mm, 5.pm, 100 A), flow rate 0.2 ml/min;B§rEdfet07/000121

18-38% of eluant B in 32 min. Figure 14 Comparison of overall molecular -
-hydrophobicity of C-Terminus fragment peptides of hBD3 in terms of
retention time of SIR chromatogranbof charged fragments of peptides
Figure 15 Cytotoxicity of C-Terminus peptides vs concentration WO
2007/126392PCT/SG2007/000 121 11 List of Sequences Sequences
disclosed in the prior art Wild type hBD3: SEQ ID NO: 1

The eresenQRYeGRYRIET ROXIVES GLFKERD |eRCHTHIOR KOO RGN (R deast

one %ﬁérrﬁggéb%m@é@éﬁ@rpé\é@o%@nﬁ' {&'T@KXV%(}%&CWRM%G&%%’[
CAVLSCLPKEEQI GKCSTRG RKC(ACm)CRRKK (Wu et al., 2003)
inverdipenatleasEgnertinizrobial PRy AcenriiRGe any aspect of the

inveﬁ%v&sgf-'fé%ﬁgr{@ﬂ%g%@%m RERR Il ttordMPlo any

[Abu]-BD3 SEQ ID'NO: 28 G I | NTLQKYYC[AbU]RVRG G
aspeREpABIRAW SO bU]LPKEEQ | GKCjAbuISTRG RK CfAbUiC[Abu]RRKK
(Hoover et al., 2003) hBD3delta8 SEQ ID NO: 29 KYYCRVRG G

AnotREeradpeétloRKE Haskht iventBe iIRECHMBH fettdoavepeisilg 2008st one
hBD3deltal0 gﬁ%&g ID NO: 3
L

Q : e
PolypeR g BRIEAT 278 PREEISIGRSFE SRR AERIEIGCRMIIGRE corposition,

and/3Pe8)SsxERoht NRtiRIckIbERECPOIIRGTR KaH R de Sodiovd trirain.2003)
SEQ ID NO: 32 KSSTRGRKSSRRKK (Hoover et al., 2003) SEQ ID NO:

The 3&re%‘:%ﬁt@§§m%§rl§ 1"5‘%%’:6 rp)%)\?lld’e%qg?’?jgﬁé% Igog%gﬂagﬁﬁw&ating
compriseé at least one pharmaceutical composition, at least one antimicrobial
composition, and/or at least one peptide or fragment thereof, each aé described
herein. The device coating may be a medical device coating. Also provided by
the present invention is a device coated with at least one coating as described
herein. The device may be but is not limited to a catheter, a needle, a sheath, a
stent, a contact lens and/or a dressing.

According to another aspect, the present invention pfovides a kit comprising at
least one antimicrobial peptide, at least one pharmaceutical composition, and/or
at least one antimicrobial composition, each described herein, disposed in at
lease one suitable container. The kit may further- comprise at least one

additional antimicrobial agent.

The present invention also provides a method of inhibiting and/or reducing the
growth of at least one microorganism comprising' contacting the microorganism
with at least one antimicrobial peptide according to any aspect of the invention,
at least one pharmaceutical composition according to any aspect of the
invention, and/or-at least one antimicrobial composition according to any aspect

of the invention.
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(Hoover et al., 2003) SEQ ID NO: 35 KYYSRVRGGRSAVLSSLPK
(Hoover et al., 2003) SEQ ID NO: 36 GIINTLQKYYSRVRGGR 12
Sequences according to the present invention SEQ ID NO: 2:
WOHNTLIIY Y X IRVRGGRX2AVL SX3LPKEEQIGKX4STRGREXERERIRK000121
K Any one of X1, X2, X3, X4, X6 and X6 is: any amino acid except
cysteine; a protected cysteine residue or derivative thereof except C[Abul;
or the amino acid is not present. TAe same meaning of Xn applies to the
followings sequences. SEQ ID NO: 3
KYYX1RVRGGRX2AVLSX3LPKEEQIGKX4STRGRKX6X6RRKK SEQ ID

NO: 4 YX1RVRGGRX2AVLSX3LPKEEQIGKX4STRGRKX6X6RRKK SEQ
Therapsnalss rrevides vRoeRANDRREINS [@od© teiyeirgrhe orowth Ina

host GHIGZERRIE %@%ﬁﬁéﬁ\, the method comprising administering to or

- RX2AVLSX3L.PKEEQIGKX4STRGRKX6X6RRKK SEQ ID NO: 7 :
applyEEQEK XS TResk ka6 Jersk RS ENBNRPlyal peptide at least one

phar i HIK K e D A Qe R GIRK XaXGRBIHKISE Qolipgysition,
10 RGRKX6X6RRK SEQ ID NO: 11 KYYX1RVRGGRX2AVLSX3LPK

according 10 A aspei R thekVBRIRYRGGR W6: SEQ ID NO: 13
GIINTLOQKYYVVRVRGGRWAVLSWLIDKEEQIGKWSTRGRKWWRRKK

The PR E&MSARHAONQISHE provides a method of treating at least one microbial
GIINTLOKYYFRVR

infection co%prising ad?n?n?sﬁé%lbsﬁlépg ESI;Eu Ijgléngnga% Fan%Rléﬁtimicrobial

peptide, at least one pharmaceutical composition, and/or at least one

antimicrobial composition, according to any aspect of the invention.

Another aspect of the present invention is a method of treating at least one
multi-drug resistant microorganism comprising treating the microorganism ‘with
at least one antimicrobial peptide, at least one pharmaceutical composition,
and/or at least one antimicrobial composition, according to any aspect of the

invention.

Accordingly, the microorganism in any one of the methods described may be
B.pseudomallei, Staphylococcus aureus, Escherichia coli, Pseudomonas

aeruginosa, Bacillus cereus, a virus and/or a fungus.

The present invention also provides a drug screening method comprising
administering at least one analog of hBD3 or a fragment thereof to at least one
cell of any cell type, and determining whether the analog or fragment thereof
has reduced cytotoxicity to the cell of any cell type compared to the wild type
hBD3.

Another aspect of the present invention is a method of designing a peptide
analog or fragment thereof comprising deleting any résidue of cysteine,
replacing any residue of cysteine with any other amino acid or a derivative
thereof or with a protected cysteine residue or derivative thereof, administering

to a cell, and determining a reduced cytotoxicity.



Y6: SEQ ID NO: 15
GIINTLQKYYYRVRGGRYAVLSYLPKEEQIGKYSTRGRKYYRRKK S6:
SEQ ID NO: 16
W@I?RWLI@RWZYSRVRGGRSAVLSSLPKEEQIGKSSTRGRKSSWWWOOOHl
SEQ ID NO: 17
GIINTLQKYYARVRGGRAAVLSALPKEEQIGKASTRGRKAARRKK
C(Acm)6: SEQ ID NO: 18 GIINTLQKYY C(Acm)6RVRGGR
C(Acm)BAVLS C(Acm)6LPKEEQIGK C(Acm)6STRGRK
C(Acm)6C(Acm)6RRKK C(But)6: SEQ ID NO: 19 GIINTLQKYY
C(But)GRVRGGR C(But)6AVLS C(But)6LPKEEQIGK C(But)6STRGRK
ERONR IREKHUE-Buthia)6: SEQ ID NO: 20 GIINTLQKYY
C(t Buth|0)6RVRGGR C(t-Buthio)6AVLS C(tButhio)6LPKEEQIGK
Figufe(tHBYHEQS HERCEHA ts%ﬂmaaﬁé}ﬁtmg%t%a@zé\)ﬁ;@m@orted
NO: 21 GIINTLOKYY C(Bz|)6RVRGGR C(BzI)6AVLS
W6, £ f51%% WSTRGRK C(Bz1)6C(BzI)6RRKK
C(4-MeBz1)6: SEQ ID NO: 22 GIINTLQKYY C(4-MeBzI)6RVRGGR
C(4- MeBz 6AVLS c MeBzO6| PKEEQIGK C(4-MeBz)6STRG
Figugeg, 168 zt%rﬁ kaé?lﬂfﬁféﬁ“é %‘gfé%QP quya% AB03 and

hBD® |liN§é%\é%§é4d%k&ZWhé?&&R>@fé eQ:=Baih6dnd-SEid Mere 1B,
leg6LPKEEQIGK %4 Me TRGRK C(4-Me0-Bz1)6C(4Me0-

is meaAh ik RRICERG R 4 GIINTLQKYY C(Mmt)6RVRGGR
C(MmU)BAVLS C(Mmt)6LPKEEQIGK C(Mmt)6STRGRK

Figud$/ B1ijASEY sBR RIKK (CifCalar) 6l ST Qs Nepeira 4IGNNT Lypr YWBD3 and
G am)6AVLS C(Cam)6LPKEEQIGK
hBDgE' %@%@@ﬁﬁﬁ% Am)6C(Cam)6RRKK WT C-terminus: SEQ ID NO:
37 RGRKCCRRKK '
Figures 4 (A-G) show CD (circular dichroism) spectra of wild type hBD3 and

hBD3 linear analogs in SDS micelle.

Figure 5 shows the viability of human conjuctiva epithia.l cells on the
concentration of hBD3 analogs.

Figure 6 shows the concentration dependence of the hemolytic effects of hBD3
analogs.

Figures 7(A-D) show the antibacterial activity of the hBD3 analogs.

Figure 8A. UV chromatogram of purified W6 on C18 (150 mm x 3.9 mm, 5 um,
100 A), flow rate 0.2 ml/min; gradient 18-38% of eluant B in 32 min.

Figure 8B. SIR chromatogram at m/z = 1132.9 ([M+5H]*") in ESI-MS analysis of
purified W6 on C18 (150 mm x 3.9 mm, 5 um, 100 A), flow rate 0.2 mi/min;
gradient 18-38% of eluant B in 32 min.



W2: SEQ ID NO: 38 RGRKWWRRKK F2: SEQ ID NO: 39 RGRKFFRRKK

Y2: SEQ ID NO: 40 RGRKYYRRKK L2: SEQ ID NO: 41 RGRKLLRRKK

12: SEQ ID NO: 42 RGRKIIRRKK V2: SEQ ID NO: 43 RGRKVVRRKK
Wﬂé?@é%ﬁ% NO: 44 RGRKHHRRKK C2 or C(Acm)2: SEQ ID RiO/3§2007/000121

RGRKC(Acm)C(Acm)RRKK Detailed description of the invention

Bibliographic references mentioned jp the present specification are for

convenience listed in the form of a list of references and added at the end

of the examples. The whole content of such bibliographic references is

herein incorporated by reference. In the present invention, a series of

. a f heD3 were design nd s ised, and the. influence
Fiodl BB SRS Nl AL e R rex ke B v
100 @os ifivelyaieabd2 dniimiac gragient 18-BgdtaphelbiartrisnoBihein

antibacterial activity, cytotoxicity and hemolytic activity were investigated.
It was found that the linear backbone structure of h(BD3 WO

Figure (3101 2639@RO0IG6d00IE 0B dutd imrteBidd Svitmdiffere nif ouariébd W6 on
phobicity4n presence q isulfide bridge is a key stryctura of
e TS 155 A A % b e sov o

eluaepihiid2cella. This provided defensin derivative antibiotics with increased
bactericidal activity and with reduced mammalian cell cytotoxicity. The
present invention therefore relates to an isolated antimicrobial peptide.

Figw@@ﬁadiu%/tolmmmmh , mqoﬁremﬁg;\@mmep' | (mwelﬁrﬁmifsh?@m%, 5 um,

timicrobia tide, wherein.the peptide is_a linear analog of hBD3 or a

1004 gﬁ?&fﬁ%r@%ﬁﬁ%@!ﬂegrﬁ?mgﬁﬁ%ﬁgﬁlﬂ%\i@ iD #3Y8B-and the
fragment is not any one of SEQ ID NOs:31 to 36. "Peptide" as used herein

. refers tq.and encompasses any aming acid molecule, a peptide or .
FigUEE IR IR CRRRMRLRRERT ah B o e (N 53 o iSpanabigis of
purif@dstdilﬁsésma@ﬁ&o(dﬁi@hm QXdB.fQSﬁiﬁﬂ w{qqﬂs:tnﬁegﬁf):aﬂawrra@oo.gfm|/min;
rotej Qr a synthetic peptide. An "isolated peptide” encompasses

gra(ﬁ%?&rt%’ §cﬁ3tﬂﬁﬁ%’a¢£’b§4@ 84dWi8sion product and a synthetic peptide.

Peptide Production - peptide of the invention may be produced by any
. method known in the art. One method of producing the disclosed peptides

Figuie timiErloNbP nitral et RuaTiedidifoRoG el ISP gromein BH2 MBS um,

100 YRR FOREYHTNE JPaRIERS LB STt eRIN DB hesEafl1sing
currently available laboratory equipment using either Fmoc

: (9-fluorenylmethyloxycarbonyl) or Boo (tertbutyloxycarbonoyl) chemistry

Figutéraiied Bisspistemaet S epigtthitv, fatioh-feeatid Q@not?e?uriﬁed F6 on
synthesized and not cleaved from its synthesis resin, whereas the other

C18A5MEMIK & Seltifle Dot dah Trveyatads2 enlkninsarmdignbAdy38% of

eluafEBMRBIGHIthe resin, thereby exposing a terminal group, which is
functionally blocked on the other fragment. By peptide condensation
reactions, these two fragments can be covalently joined via a peptide

FiguPNDAL iITEREARYS Bﬁfgb‘aFm&W&sa%%ﬁg@%?.%ﬁ%@ um,

Synthetic Peptides: A User Guide. W.H. Freeman

100 Wiialg Bt MiGsie grdignbd8)38thobekiantBhtid2Syirthesis.
Springer-Verlag Inc., NY). Alternatively, the peptide is independently
synthesized in vivo. Once isolated, these WO

Figupe dAB2 SR parersategam e 1/z F6 1@ fbdiBiiptides ESdyMS analysis
of pURIER PO & PERYLR pARRBeNKINE B0l Hia SEHIANPRBIAE G 0.2 mijmin;
condensation reactions. It is contemplated that specifi¢’ modi Cations may '
gradigninbBrS@ithed elugrddiide 32aminaintain the peptides antimicrobial
properties of the claimed sequence, but also confers some additional
desirable property to the peptide. It is well known in the art that certain
amino acids may be substituted for other amino acids in a protein
structure without appreciable loss of peptide activity. Since it is the
interactive capacity and nature of a peptide that defines that peptide's
biological functional activity, certain amino acid sequence substitutions
can be made in a sequence and nevertheless obtain a peptide with like
properties. It is thus contemplated by the inventors that various changes

may be made in the sequence of the isolated antimicrobial peptide,
withoirit annraciable lnce nf binloaical activvitvy and nerhane mav enhance



The amino acid abbreviations used herein are conventional one letter

codes for the amino acids and are expressed as follows: A or Ala, alanine;

B, asparagine or aspartic acid; C or Cys, cysteine; D or Asp, aspartic acid;

WE 0EBIIsHUtamic acid; F or Phe, phenylalanine; G or Gly, gly&RESH28p7/000121

His, histidine; | or lle, isoleucine; K or Lys, lysine; L or Leu, leucine; M or

Met, methionine; N or Asn, asparagine; P or Pro, proline; Q or Gin,

glutamine; R or Arg, arginine; S or Ser, serine; T or Thr, threonine; V or

Val, valine; W or Trp, tryptophan; Y or Tyr, tyrosine; Z, glutamine or

glutamic acid. For example, in designing peptide constructs with

antimicrobial properties, substitutions may be used which modulate one or
Figuraot@ @rd3ids emaly sieletpleritd Y Saviardd 8/ piGMywonatiahem, 5 um,

chan f ing.acid for ther at one aor.mgre sjtes within the
100 A B O S SR R BB Baor otner
amino acids in a peptide structure in order to enhance the interactive
. hinding i Structur ince. it nteractive capaci
FiguR UL, R BRI SRRt RS AR Eaned g or
C18 déaaimemird Scidrsubstitutivs danflosvmaidediRanpl/otein GealiencesB8% of
eluaﬁf‘ rl‘rg%'%yr'lq% DNA coding sequence which potentially create a peptide
with superior tharacteristics. Accordingly, a particular aspect of the
present invention provides that the cysteine residues of hBD3 may be
. . replaced with any other aminp acid (gs,listed \% a derivatjve
FioulBEl s WY e s at S SR s SBaiem
100 etk @tehe. 2ysiania resitiiennag-38 Yetdteiahs Briringpaeiph derivative
and/or protection group, any derivative listed in Table G-2 of the User's
Manual for Patentin 3.1 may be used. However, the type of amino acid
Figuteit&tivel BrneHcopattegtion gtaufzis 9edisiddBHS1IEhiisE SXaspiaal9bis of

protected c i sidues syitable for_the present jnvention include, but
Pl B GGl AR, & (B et Bultl), R AY); GOHAIEtE A2 mimin
gradie-180884 b &(MnattBantE(@am). Accordingly, any suitable protected
cysteine residue may be used in the present invention. The isolated
peptide may comprise the amino acid sequence of any one of: SEQ ID

FiguNOSIZ IES, MSadriyerbthpiemibdvAS &R @18qAS0 R X3 MM 5 pm,
1 3@? 6 is: any amino acid except cgsteine; a protected cysteine residue or
00 Q:é; K|

(G LSRR AN, SPeAE IR B oSRrEUB: The
isolated peptide may comprise the amino acid sequence of any one of
. SE Os: 13 tg 25, or.a fragment thereof. In particular, the isolated
FigUER e DR i MG SAEREE B S G PBAY SR SE GYBTRBAS on
C181350 Afinol 3.938MeB! e ao A)eadin PXRMPEHIANRDS HARH RIS, of
according to the present invention are shown in Figure 1. The present
eluapf\Rifticis A8 provides an isolated antimicrobial peptide, wherein the

peptide is a linear analog of tif3D3 or a fragment thereof, and comprises
the aming acid sequence of any one of: SEQ ID NOs: 2to 12 or a

Figuge, defent M Suematreeaanl piEise) 36 no, G5 XtoXsuna B.& ramy 5 um,

100 ANMPRACHIERIRYHR BRGNP RESEbEYSHEING AeEidre:or Hlfyivative
thereof except C[Abu]; or the amino WO '
2007_/126392PCT/S_GZOO7/00_0121 _18 acid is not present. The isolated :

FiguRERDER BIRY SidwEsdhen Rt 2cibasnenge @y AneHimE AiRysis of

_NOs: 13 to 25. According to a preferred aspect, the six cysteine residues
purifigch 6 0Nt BniftRmITepaced BysixGrasiaudOWith) diffeve riafsoRuyml/min;
gradF‘eHM%—g‘é’%( oFERGRRE B\ R hq_form corresponding linear-analogs of

hBD3 [coded as F6, W6, Y6, C(Acm)6, A6 and 36] with different overall
hydrophobicity Accordingly, the present invention provides at least one
isolated linear peptide comprising the amino acid sequence of any one of
SEQ ID NOs: 13 to 18, or a fragment thereof. However, fragments and
peptide comprising the amino acid sequence of SEQ ID NOs: 26-36 are
excluded from the scope of protection of the present invention. It is further
provided that the isolated peptide according to any aspect of the present
invention has a reduced cytotoxicity to at least one cell of any cell type
compared to the wild type hBD3. According to another aspect of the

nracant invventinn an ienlated nolvvniiclantide iec nrovided whaerain the



WO 2007/126392PCT/SG2007/000121 20 Host cells can be grown in

liquid media culture or on tissue culture plates. The growth conditions will

be dependent upon the specific host cells used and such conditions would
WQ@M%@% one with skill in the art. Transfection and growth JthyECadpgo00121

is described in Sambrook and Russel, id. The invention provides for a

recombinant cell expressing a nucleic acid encoding the polypeptide of the

claimed invention. The invention aIsBOprovides for a recombinant cell

producing the polypeptide of the invention. Examples of eukaryotic host

cells for replication and/or expression of a vector include HeLa, NIH3T3,

Ei Jurggt 2% ;‘g% CH?;/’ Saos, and P012. Many host cells from various cell
194G d & indr g ARe S, LRIt PRANCHE AR e SRMird 1,
100 tA¥; fiowSiadale, mixifmh veeselisnay Saeseef BIGARILBGHOEViLeither a

eukaryotic or prokaryotic host cell, particularly one that is permissive for
replication or expression of the vector. Some vectors may employ control

Figuseqi2DceDéuanakutdd B Eplisaiad ANEOLRIS2SaRAIS BPBurified S6 on
c1 quoé?%%c ang eukag)otlc cells. &ﬂe of skill in the art vyo_uld further
SR R BRIt HE et hit Ao A Aediminirar agions 18-38% of
eluatesrithed hapt cells to maintain them and to permit replication of a vector.
Also understood and known are techniques and conditions that would
allow large-scale production of vectors, as well as production of the

Figuﬁéd@i&.ﬂgi@%ﬁf&ﬁ@%’d?&meéf%ﬁrﬁ@tb%”o‘fP%@?{WHﬁﬂ@%?@ mm, 5 pm,

roteins, or peptides. Another aspect of the present invention is a
100 phaflawcaie drcopugiigirdinnbiging % walvant Binidminal peptide
or fragment thereof as described herein. The present invention also
provides an anti-microbial composition comprisin%étlleast one

Figuze iR r ot GpreRtagFaraiRb iz 892 6Nt ] hrekse RS HIMS trnalpsis of

purifictiag@e B0k NG thIsast oNAMOEAGRIMRBNENIGIR) ! in;
2007/126392PCT/SG2007/000121 21 ac@ggtable" re ér(]2 {g\?nqé?z%mbr Wlﬁmn,

gradienit8-38dcefabeanioRdnhaR a¥mot produce an adverse, allergic or other
untoward reaction when administered to an animal, or a human, as
appropriate. The compositions of the present invention may be an

Figuggy EShSsrioalysienpfisufiad &fectiveat 6t ohthexadi@monobiapm,
100 PaPHER, FRSRMEMORTRSIZGR ARBB9maPENiAlS Agcepiable camer or
agueous medium. As used herein, "pharmaceutically accept%le carrier"
includes any and all solvents, dispersion media, coatings, antibacterial
i if i ' SOrptt layi ents.and th
T e S A e o on
C184(165anaes & XeirnBwaTin 108 &), fixoertmedaniedmygradientitd88% of
elualﬂ@iﬁﬁ Qagent is incompatible with the active ingredient, its use in the
therapeutic compositions is contemplated. Supplementary active
ingredients can also be incorporated into the compositions. Where the
antimicrobial peptide is to be provided to a subject, the nature of the

FigureptideTagipiaies WQ@ér%fllalFﬁUI‘éé%lﬁwtﬁ?o‘?Bﬁg m% AN The inus

durability of the peptides facilitates not onl%{ intérna nistration but also

fragnaeph REBHdRS b HEA Foih iraisnolvrtsstios HesicisiiR ehmpiegram of

Char@ggrn@@ngmgr@tb@ﬁms of delivery are possible. For example, the
peptides are diluted In a suitable composition for delivery by inhalation for

Ei the I%e(?tm%gt.ortﬁrev N lon of infections. It is further contemplated that the

U AR & e q%'ﬂ@ﬁt%@'ﬁ%@‘ﬁe@&ﬁféﬂg@%%ws by an
appropriate vector or DNA delivery vehicle in the context of gene therapy.
Accordingly, the pharmaceutical composition or antimicrobial composition
of the present invention may be formulated for topical, oral or parental
administration. For example, the compositions may be formulated for
administration by injection or for administration by inhalation. The active
compounds will generally be formulated for parenteral administration, e.g.,
formulated for injection via the WO 2007/126392PCT/SG2007/000121 22
intravenous, intramuscular, sub-cutaneous, intralesional, topical and/or

even intraperitoneal routes. The preparation of an aqueous composition

that contains the antimicrobial peptide as an active component or
inAaradieant will bhe known to thoce nof clill in the art in linht of the Nnreceant



WO 2007/126392PCT/S62007/000121 23 pharmaceutical composition or
the antimicrobial composition include, but not limited to: tablets or other
solids for oral administration; liposomal formulations; time release
WOHETEX38hd any other form currently used, including cream< E3RER{4y/000121

also use nasal solutions or sprays, aerosols or inhalants in the present
invention. Nasal solutions are usually aqueous solutions designed to be
administered to the nasal passageslin drops or sprays. In addition,
antimicrobial preservatives, similar to those used in ophthalmic
preparations, and appropriate drug stabilizers, if required, may be
included in the formulation. Additional formulations which are suitable for

List aftBenuesdes of administration include vaginal suppositories and
pessaries. A rectal pessary or suppository may also be used..

SequRReSiRER S AKEPRliE gasaggiforms of various weights and shapes,
usually medicated, for insertion into the rectum, vagina or the urethra. Oral

Wild fypanBidisS RS2 BGEhinormally employed excipients as, for example,
GIlNEh@ﬁW&RM&@%%M%E@%?@@&E RISRBRIFK stearate,
sodium saccharine, cellulose, magnesium carbonate and the like. These
(Wu e@ﬁipd%ﬂ%)%@ﬂh&%rﬁf@é@l@i@ng% ensions, tablets {)I”S,
GIINFARINCECLAmIRRGGRE AYBRIBHEE N GIRers RERIG AERBRRKK

admrnrstratron the active compounds of the pharmaceutrcal composition
(Wu et ahtigibR{Asemy amf

orporated wrth excipients and
eruwaranwrammarﬁ@amy @%LBKEL%@H CLIOEYRRKK
elixirs, suspensions, syrups, wafers, and the like. In partlcular the
(Wu rﬂﬁ@*m%@ﬁh&éb@&rﬁ BELONiRBnicrobial com osmon m%
GllN&h@%‘é@r{Abm% GORAMHVIE RO RISERQ K
CIAbHEYIABEREIE for treatment of skin and/or mucous membrane(s) The

pharmaceutical co&lgosmon or the antlmlcroblal composition may also be
(Hoananetfalm280s8)d

E @ﬁ&%g dohNPséfition. wo

KYYERYRGERCAY EReues 54 *m&%s of the present

invention may be administered in_a manner compatible with the dosage
(Hoqyenelaler 8RBl eENdh fi%gﬁ effective. The
YCRYRERReM halbE '65&9%&8@8&6 gg of dosage forms,

such as injectable solutions, but any other suitable form may also be
(Hooueretal-e2 QRIS ERY &Qis%kapsules The purified isolated
KEEQIGHSSDRESIRRR be used without further modifications or may

be diluted in a pharmaceutically acceptable carrier. As the peptides are
(Hoavane! are%%

rhllgg any aspect of the present invention, may
humans or animals, included in food preparations,
pharmaceutlcal aratro dicinal and pharmaceutical products,
(Ho‘é‘(S% Fred il rﬂa)rggucts, cleaning products and cleaning
P&E Kvell as any matenal to which the peptides could be sprayed on
or adhered to whe Ih ﬁnb éi n of microbial growth on such a material
mo‘%’@l’e?f‘réd 7H@ r§% \f\g also provides a contact lens solution
at least one pharmaceutical composition; at least one
antrmrcroblal d/or at least one peptide or fragment thereof,
(Hogyeref %%%dg%% Iﬁ@d@énauy, the present invention provides a
Y\E%ﬁ%@t Ipﬁ t least one polymer and at least one peptide; at
least one p @é ition; and/or at least one antimicrobial
(H Oedﬁf %}9@%&1 gﬁﬁe%?gbove. While the invention encompasses
Gl '3-5 ides to a subject for therapeutic or prophylactic
benefit, |t also is envisioned that the peptides will have other uses.
However, the isolated peptides may also be included in antiseptic or
antimicrobial preparations for application or introduction into environments
in which one wishes to prevent or suppress microbial growth. WO
20071126392PCT/SG2007/000121 25 lens solution or devices used with
contact lenses, for the prevention and/or suppression of microbial growth.
in particular, the present invention provides a device coating, wherein the

coating comprises at least one pharmaceutical composition; at least one

antimicrobial composition; or at least one peptide or fragment thereof,
oarh ac deceribed abhnve The device coatina mavy be a medical deviece




The present invention also provides a kit comprising: at least one
antimicrobial peptide; at least one pharmaceutical composition; and/or at
least one antimicrobial composition, each as described above, disposed in
WO IRYU8A suitable container. The kit may further comprise aPfeHSG3AY/000121
additional antimicrobial agent. The antimicrobial peptides of the present
invention may be used alone. However, they can also be used in adjunct
therapy, in combination with anothef@ntimicrobial agent and/or antibiotic.
In terms of killing or inhibiting a bacterium, one would contact the
bacterium with an effective amount of an antibigtic in combination with an
amount of an gnti
eguenees geecoraing

~ 2 .
IJC Ul O TV

SG2007/000121 26 provides a method of inhibiting

SN oam et e e ooty

least one pharmaceutical composition; and/or at least one antimicrobial

compositipn, eacha gbed ve. The micrporganism, e.g. o
Anyon erErrm oélﬁla?gﬁsﬁgerggﬂa X@%&&%ﬁ%&’eﬂﬁ ot gmteine; a
proteviedCoystaitingrissidue noaydegivatiey ¢hdrgsfdmibisie iAo, stbiE” amino

acidth%t hn%st’ orris cSeH pected go rQ‘ave a microbial o(%q_acterfl infectian, af lowi
thisrapeuticaiRy Sectivg armbint BISHUAAa85Id5icARP Séeg%b e followings
seqaeniagisrobial peptide formulation alone or in combination with a

therapeutic amount of a pharmacologically acceptable formulation of an

tg@'c gent or other antimicrobial peptide. The invention may thus be
ns %)

SEQMHY . ide. The inv .
M%T F\Bérg %JQ@FW;@E bacterial
K in e%tlo %&%ﬁ@%&? he co%%‘?natlon of agents’ t%t e?lcereglla

SECSWB%?E or by applying the combination, e.g., topicqlly toa spe_cific site,
YXTRURGE RV PHRER s AUt e mhergigof infection. The
present invention also provides a method of inhibiting and/or reducing the
SEd| '_n5a host of at least one microorganism comprising administering to
JRSIORVICSK A Raskere RUiERbiaRaRide oy Jeast one
pharmaceutical composition; and/or at |éast oné antimicrobia
SECE?B]RR?T@”’ each as Qescr.ibe.d abqve. Also prqvideg ig a me_thod of
2 [@IW W@gnsmg administering to a
RX E\S@jtgcg:g%t e%?t(%ne antlmicroﬁgﬁgep ide; at least one pharmaceutical
SECS?@RR?!'ﬁPn; and/or at least one antimicrobial composition, each as
KEE@%@@@T"R@@K‘XHQ@Wt invention further provides a method of
treating at least one multi-drug resistant microorganism comprising
SEAR9Y¢8 the microorganism with: at least one antimicrobial peptide; at least
KX*8hRplakRaeadtgak composition; and/or at least one antimicrobial
composition, each as described above. WO
SEGWNE26392PCT/SG2007/000121 27 The term "microorganism" is used
RGHEOSIARIg@nd it will be easily understood that the invention is suitable
for use against a population of microorganisms, La, "bacteria”. In the
SECEPDiRKH Of pacterial or microbial infections, a person of ordinary skill would
RGReCOYiRRI0e wide variety of potential pathogens. Examples of
microorganisms include any one of the following, but are not limited to:
SE@®@ipsResionallei, Staphylococcus aureus, Escherichia coil, Pseudomonas
KYYeerynesararehiaciits pereus as well as viruses and fungi. The present
invention also provides a drug screening method comprising administering
SE@iepgY-ope analog of hBD3 or a fragment thereof to at least one cell, and
GliNIateyrmdryrtheyRhe analog or fragment thereof has reduced
cytotoxicity to the cell compared to the wild type hBD3. Another aspect of
WwWe:tBeEQr fisqebinygntion is a method of designing a peptide analog or
GIINTRagIeny R TRGORIIAVO Saje IR SRS IR GIRIQID0y FaRIGEING
any residue of cysteine with any other amino acid or a derivative thereof
or with a protected cysteine residue or derivative thereof, administering to
a cell, and determining a reduced cytotoxicity. The peptide may be at least
one analog to hBD3. The design principle may be (but not limited to) the

following: the decreased cytotoxicity to human cells can be controlled by
the rational decinn nof linear analoace Nf defeancine nentideace hy moleciilar



hexafluorophosphate N-oxide, and HOBT is N-hydroxybenzotriazole) in
DMF (N,N-Dimethylformammide) at a synthesis scale of 0.04 mmol. Fmoc
deprotection was carried out with 20% piperidine in DMF: The resulting
WSbHdiA2688ns were treated with a freshly prepared mixture of PCT/SG2007/000121
trifluoroacetic acid (TFA)/triisopropylsilane (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 precipitatédl by filtration into ice-cold diethyl
ether, separated by centrifugation, washed three times with ice-cold ether
and dried by automated evaporation of ether and other remaining/residual
' solvents in crude solid products in fume hood or dried under vacuum at
' F6: SEéarieMereture. For further purification, the crude products were
GIINTisINEFRIBRARAMLS RS ERA A B IRERKA R and loaded
‘ onto a semi-preparative column (Waters, a Delta PAK -C18, 300 mm x 7.8
Y6: S 3 NEeY, 190 A" flow rate 3 ml/min; eluant A, 0.01% TFA in DI water;
GlING L@ B MBS HRY MG AP EEER A BERAY BRHYD min: wo
20071126392PCT/SG2007/000121 29 UV detection at 210 nm (Waters
S6: 3805 1ELN&¥afibns module with an auto-sampler and 996 photodiode array
GIINTHQU DR GORRAM LR EQ AR R RIE R R Kcal
HPLC-MS coupled system (Micromass Platform LCZ, Waters Associates
A6: %Ei%'ﬁ@ DBt PAK €18, 150 mm x 3.9 mm, 5 urn, 100 A, flow rate 0.2
GIINFHRIRY YARMRERRABY bEALIIERR S AR T RERKAARR Seight
characterization by use of Mass Spectrometry of six linear analogs is
C(A del i 'ﬂgﬂ@és" 8-13. Molecular H drophabicity Molecular
GIINTJ RSP IISRVRES R heaAVLsy HACITS A QIR
CAeBRTRABIMIRMBIRCASMIRREKIE peptide concentration (500 or 100

cB [%ggn%)%%a%ln%5 7118 and flqw rate of O.-2 ml/min in the same gradient _
enn?mt%v&qﬁsa‘@a RGO RV o o BHSLI eI
C(B%9§§c %Q@é‘ RYbEBRKsco 3-810 spectropolarimeter in

aqueous solution (pH of 5.0-5.5) and other different media, e.g., 10 mM
C(t-BHthim)enRESHE I;@%) 70% %ol me) tF': in DI water. The six analogs
CINRY R Ee ot @5@3}?@3%;&“% 1200
Butgioh RS FIRLEK LR Gl SRR
range of 196-260 nm. Every sample and solvent was scanned three times

C(Band CD . of solvent was deducted from that of sample solution. The results
4

0 SREhit My n timicrobj f ins
GIINY, ' i COi
o e

ATCC 27853, Bacillus cereus NCTC 2599. Sterile flat-bottom, 96-well

- tissye culture plates (92096, TPP) was WO - _
S e

microplates was monitored (as turbidity) with the Tecan Genios Plus
lcroplat

c4 re ing\sofiware Magellan v5.03 and 620-nm filter. Seed
C : ia Bi V/Visible
e
s unl e

Bzl) u nd P. aeruginosa by measuring bacteria growth in liquid broth in

( he presence of the frially diluted peptides. The LO50 is the
' 09 f}??; \ﬁz@l e {_ %% The
SIE%‘?%%% i %%%?g%% %). a%&%ll ﬁ{ Eeibaréteria
( R - g)arl Mic BRa Mueller-Hinton Broth (MHB) from
overni ture. The cell suspension was diluted to OD 0.1
C(C(%Béﬁr% %’gzﬁgégéotech Ultropec 2000 UVNisible spectrophotometer)
in mixture of 10mM Pot Phos buffer/MHB (equal volume (PMH). This cell
suspension gave a concentration of 107 CFU/ml. Colony count was done
for confirmation. A 10-fold dilution series of this suspension ranging from

107 to 101 CFU/ml was made in PMH (in sextuplicate for Staphylococcus
ariratic ATCC 25022 and Racilliie carariec NNCTC 2500 in Atiadriinlicate for

=




Cytotoxicity Assay Cytotoxicity of these analogs was analyzed on primary

cultured human normal conjunctiva epithelial cells by measuring cell

viability using CellTiter-blue. Wild type hBD3 was used as a control in all
woH &?ﬁgure 5. WO 2007/126392PCT/SC 20071000121 B&MRAL/000121

Assay The release of hemoglobin from fresh rabbit erythrocytes was used

as a measurement for the membranolytic activity of tested peptides.

Figure 6. RESULTS Example 1: lindar analogs with 45 residues of hliD3

Synthesis of analogs of hBD3. The solid-phase synthesis of six linear

analogs with 45 residues of hBD3 was performed using Fmoc-chemistry

as described.in detajled in. Takle 1. ' tqtal (esi
G"Nm%xﬁ%%ege%&%%@ﬁ R R RIS,
C(Campdnd AR S %H@@ hesis scale was reported, see
» orting. i iQn-Tahje 1. Table 1. the basic physicochemical
\évg};\%?gg%&u ge%%@ss?\l}gﬁ nt Number of residues Net charge Overall
ydrophobicity (kcal/mol)a Relative hydrophobicityb Total Hydrophobic

W2: SEQ ID NO: 38
RGRKWWRRKK

F2: SEQ ID NO: 39
RGRKFFRRKK

Y2: SEQ ID NO: 40
RGRKYYRRKK

L2: SEQ ID NO: 41
RGRKLLRRKK

12: SEQ ID NO: 42
RGRKIRRKK

V2: SEQ ID NO: 43
RGRKVVRRKK

H2: SEQ ID NO: 44
RGRKHHRRKK '

C2 or C(Acm)2: SEQ ID NO: 45
- RGRKC(Acm)C(Acm)RRKK

Detailed description of the invention

Bibliographic references mentioned in the present specification are for
convenience listed in the form of a list of references and added at the end of the
examples. The whole content of such bibliographic references is herein

incorporated by reference.

in the present invention, a series of linear analogs of hBD3 were designed, and
synthesised, and the influence of the overall hydrophobicity, charge
distribution/density, the ratio of -the ‘positively charged surface regions to
hydrophobic ones on the antibacterial activity, cytotoxicity and-hemolytic activity

were investigated. It was found that the linear backbone structure of hBD3
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“analogs with different overall hydrophobicity in presence of any disulfide bridge
is a key structural determinant to decrease cytotoxicity to mammalian cells,
particularly epithelial cells. This provided defensin derivative antibiotics with
increased bactericidal activity and with reduced mammalian cell cytotoxicity.

The present invention therefore relates to an isolated antimicrobial peptide.

According to a first aspect, the present invention provides an isolated
antimicrobial peptide, wherein the peptide is a linear analog of hBD3 or a
fragment thereof, provided that the analog is not SEQ ID NO:28 and the
fragment is not any one of SEQ ID NOs:31 to 36.

"Peptide" as used herein refers to and encompasses any amino acid molecule,
" a peptide or polypeptide. The “peptide” can be obtained as a gene product, a
purified and/or isolated product, an expression product, from fragmentation of
protein(s) or a synthetic peptide. An “isolated peptide” encompasses naturally
occurring, a gene expression product and a synthetic peptide. Peptide
Production — peptide of the invention may be produced by any method known in
the art. One method of producing the disclosed peptides is to link two or more
amino acid residues together by protein chemistry techniques. For example,
peptides are chemically synthesized using currently available laboratory
equipment using either Fmoc (9~ﬂuorenylmethy!o.xycarbonyl) or Boc (tert-
butyloxycarbonoyl) chemistry (Applied Biosystems, Inc., Foster City, Calif.). A
peptide can be synthesized and not cleaved from its synthesis resin, whereas
the other fragment of a peptidé or protein can be synthesized and subsequently
cleaved from the resin, thereby exposing a terminal group, which is functionally
blocked on the other fragment. By peptide condensation reactions, these two
fragments can be covalently joined via a peptide bond at their carboxyl and
amino termini, respectively, (Grant G A (1992) Synthetic -Peptides: A User
Guide. W.H. Freeman and Co., N.Y. (1992); Bodansky M and Trost B., Ed.
(1993) Principles of Peptide Synthesis. Springer-Verlag Inc., NY). Alternatively,
the peptide is independently synthesized in -vivo. Once isolated, these
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independent peptides may be linked to form a peptide or fragment thereof via

“ similar peptide condensation reactions.

It is contemplated that specific modifications may be made within the peptide
that maintain the peptides antimicrobial properties of the claimed sequence, But
also confers some additional desirable property to the peptide. It is well known
in the art that certain amino acids may be substituted for other amino acids in a
protein structure without appreciable loss of peptide activity. Since it is the
interactive capacity and nature of a peptide that defines that peptide's biological
" functional activity, certain amino acid sequence substitutions can bé made in a
sequence and nevertheless obtain a peptide with like properties. It is thus
contemplated by the inventors that various changes may be made in the
sequence of the isolated antimicrobial peptide, without appreciable loss of
biological activity and perhaps may enhance desired activities.

The amino acid abbreviations used herein are conventional one letter codes for
the amino acids and are expressed as follows: A or Ala, alanine; B, asparagine
or aspartic acid; C or Cys, cysteine; D or Asp, aspartic acid; E or Glu, glutamic
acid; F or Phe, phenylalanine;‘G or Gly, glycine; H or His, histidine; | or lle,
isoleucine; K or Lys, lysine; L or Leu, leucine; M or Met, methionine; N or Asn,
asparagine; P or Pro, proline; Q or Gin, glutamine; R or Arg, arginine; S or Ser,
serine: T or Thr, threonine; V or Val, valine; W or Trp, tryptophan; Y or Tyr,

tyrosine; Z, glutamine or glutamic acid.

For example, in designing peptide constructs with antimicrobial properties,
substitutions may be used which modulate one or more properties of the
molecule. Such variants typically contain the exchange of one amino acid for
another at one or more sites within the peptide. For example, certain amino
acids may be substituted for other amino acids in a peptide structure in order to
enhance the interactive binding capacity of the structures. Since it is the

interactive capacity and nature of a protein that defines a protein's biological



-2.99 6.1 a. The overall hydrophobicity (AG, kcal/mol) was calculated
based on the hydrophobicity scale of Wimley and White, 1996. Greater

hydrophobicity is represented by a more positive AG; b. Calculated by the
WASPHANEHs scale (1983); n.c., not calculated. WO PCT/5G2007/000121

2007/126392PCT/SC20071000121 32 Molecular Hydrophobicity In
- comparison with native hBD3, this series of linear analogs of hBD3 with

full-length and 11 net positive chargé are structurally homogenous as they

are designed and synthesized only by uniform replacement.of, six bridging

cysteine residues in hBD3 with other six residues with different”

hydrophobicity, e.g., A, S, C(Acm), F, Y and W. These linear analogs
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cysteine residue may be used in the present invention.

The isolated peptide may comprise the amino acid sequence of any one of:
SEQ ID NOs:2 to 12, or a fragment thereof, wherein any one of X, X3, X3, X4,
X% and X® is: any amino acid except cysteine; a protected cysteine residue or
" derivative thereof except C[Abul]; or the amino acid is not present. The isolated
peptide may comprise the amino acid sequence of any one of SEQ ID NOs: 13
to 25, or a fragment thereof. In particular, the isolated peptide comprises the
amino acid sequence of any one of SEQ ID NOs: 13 to 18, or a fragment
thereof. Specific examples of hBD3 linear analogs according to the present

invention are shown in Figure 1.

The present invention also provides an isolated antimicrobial peptide, wherein
the peptide is a linear analog of hBD3 or a fragment thereof, and comprises the
amino acid sequence of any one of: SEQ ID NOs: 2 to 12 or a fragment thereof,
wherein any one of X', X2, X3, X, X® and X® is: any amino acid except cysteine;
a protected cysteine residue or derivative thereof except C[Abu]; or the amino
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acid is not present. The isolated peptide may comprise the amino acid
sequence of any one of SEQ ID NOs: 13 fo 25. According to a preferred aspect,
the six cysteine residues in hBD3 were uniformly replaced by six residues with
different polarity, e.g., F, W, Y, C(Acm), A and S, to form corresponding linear
analogs of hBD3 [coded as F6, W6, Y6, C(Acm)6, A6 and S6] with different
overall hydrophobicity Accordingly, the present invention provides at least one
isolated linear peptide comprising the amino acid sequence of any one of SEQ
"ID NOs: 13 to 18, or a fragment thereof. However, fragments and peptide
comprising the amino acid sequence of SEQ ID NOs: 26-36 are excluded from

the scope of protection of the present invention.

It is further provided that the isolated peptide according to any aspect of the
present invention has a reduced cytotoxicity to at least one cell of any cell type
compared to the wild type hBD3.

According to another aspect of the present invention, an isolated polynucleotide
is provided, wherein the polynucleotide encodes at least one peptide according

to any aspect of the invention, or fragment thereof.

Polynucleotide, as used herein, refers to cDNA, DNA, mRNA or RNA of
genomic or synthetic origin which may be single- or double-stranded. Single-
stranded DNA or RNA may be the coding strand, also known as the sense
strand, or it may be the non-coding strand, also referred to as the antisense
strand. Polynucleotide also includes nucleic acid molecules. Isolated
polynucleotide refers to a nucleic acid molecule, DNA or RNA, which has been

removed from its natural environment.

The antimicrobial peptides of the present invention may be expressed by a
prokaryotic or eukaryotic expression vector. The term "expression vector" refers
to a vector containing a nucleic acid sequence coding for at least part of a gene
product capable of being transcribed. In some cases, RNA molecules are then

translated into a protein, polypeptide, or peptide. In other cases, these
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sequences are not translated, for example, in the production of antisense

molecules or ribozymes. Expression vectors can contain a variety of "control
| sequences,” which refer to nucleic acid sequences necessary for the
transcription and possibly translation of an operably linked coding sequence ina

particular host organism.

Additionally, the present invention also provides a vector comprising the
polynucleotide or the nucleic acid encoding any one or more of the peptides
described herein. In certain embodiments, the invention provides a vector
comprising a nucleic acid encoding at least one of the peptides of the present
invention. The vector can be a viral vector, a plasmid vector, a cosmid vector,
an adenoviral vector, a phage vector, a retroviral vector, an adeno-associated
viral (AAV) vector, or any -other vector capable of inciuding a nucleic acid
encoding a peptide of the invention, which would be known to a skilled person.
The vector can be an expression vector that is intended and capable of
integrating into a cell genome. Useful vectors and their construction are
disclosed in Sambrook and Russel, (2001) Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press; US.

The invention also provides a -host cell comprising the polynucleotide,
polypeptide, peptide, and/or the vector of the invention. Such a host cell may be
a eukaryotic cell or a prokaryotic cell. In the case of eukaryotic cells, retrovirus
or adenovirus based vectors can be used to put the polynucleotide of the
invention into the host cell. Methods known to one with skill in the art to insert
the nucleic acids or polypeptides in host cells are encompassed within this
invention. The following are non-limiting examples of such methods: naked DNA
transfection, lipofectin-mediated transfer, transformation, micro-injection of
nucleic acid into a cell, or calcium-phosphate precipitation transfection-methods.
Host cells can be obtained from commercial sources such as the American
Type Culture Collection (ATCC).
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Host cells can be grown in liquid media culture or on tissue culture plates. The
growth conditions will be dependent upon the specific host cells used and such
conditions would be known to one with skill in the art. Transfection and growth
of host cells is described in Sambrook and Russel, id. The invention provides
for a recombinant cell expressing a nucleic acid encoding the polypeptide of the
claimed invention. The invention also provides for a recombinant cell producing

the polypeptide of the invention.

Examples of eukaryotic host cells for replication and/or expression of a vector
include HelLa, NIH3T3, Jurkat, 293, Cos, CHO, Saos, and PC12. Many host
cells from various cell types and organisms are available and would be known
to one of skill in the art. Similarly, a viral vector may be used in conjunction with
either a eukaryotic or prokaryotic host cell, particularly one that is permissive for

replication or expression of the vector.

Some vectors may employ conirol sequences that allow it to be replicated
and/or expressed in both prokaryotic and eukaryotic cells. One of skill in the art
would further understand the conditions under which to incubate all of the above
described host cells to maintain them and to permit replication of a vector. Also
understood and known are techniques and conditions that would allow large-
scale production of vectors, as well as production of the nucleic acids encoded

by vectors and their cognate polypeptides, proteins, or peptides.

Another aspect of the present invention is a pharmaceutical composition
comprising at least one antimicrobjal peptide or fragment thereof as described
herein. The present invention also provides an anti-microbial composition
comprising at least one antimicrobial peptide according to any aspect of the
present invention, or a fragment thereof, and at least one non-peptide

antimicrobial agent.

The composition may further comprise a pharmaceutically or pharmacologically
acceptable carrier. The phrases "pharmaceutically or pharmacologically
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acceptable" refer to molecular entities and compositions that do not produce an
édverse, allergic or other untoward reaction when administered fo an animal, or
a human, as approbriate. The compositions of the present invention may be an
aqueous composition, comprising an effective amount of the antimicrobial

peptide, dissolved or dispersed in a pharmaceutically acceptable carrier or
aqueous medium.

As used herein, "pharmaceutically acceptable carrier" includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption délaying agents and the like. The use of such media
and agents for pharmaceutical active substances is well known in the art.
Except insofar as any conventional media or agent is incompatible with the
active ingredient, its use in the therapeutic compositions is contemplated.
Supplementary active ingredients can also be incorporated into the
compositions.

Where the antimicrobial peptide is to be provided to a subject, the nature of the
peptides facilitates a number of alternate routes of administration. The durability
of the peptides facilitates not only internal administration but also application in
a topical formulation. Where the Ap'eptides are to be given internally, a variety of
means of delivery are possible. For example, the peptides are diluted in a
suitable composition fdr delivery by inhalation for the treatment or prevention of
infections. It is further contemplated that the nucleic acid sequence of the
peptides may be delivered fo cells by an appropriate vector or DNA delivery
vehicle in the context of gene therapy. '

Accordingly, the pharmaceutical composition or antimicrobial composition of the
present invention may be formulated for topical, oral or parental administration.
For example, the compositions may be formulated for administration by injection
or for administration by inhalation. The active cdmpounds' will generally be

formulated for parenteral administration, e.g., formulated for injection via the
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intravenous, intramuscular, sub-cutaneous, intralesional, topical and/or even
intraperitoneal routes. The preparation of an aqueous composition that contains
the antimicrobial peptide as an active component or ingredient will be known to
those of skill in the art in light of the present disclosure. Typically, such
compositions may be prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for using to prepare solutions of suspensions
upon the addition of a liquid prior to injection can also be prepared; and the
preparations can also be emulsified. Topical application for mucosal surfaces

such as the eye and mouth can be prepared in liquid solutions or suspensions.

Examples of pharmaceutical compositions or antimicrobial compositions of the
present invention suitable for injectable use include sterile aqueous solutions or
dispersions; formulations including sesame oil, peanut oil or aqueous propylene
glycol; and sterile powders for the éxtemporaneous preparation of sterile
injectable solutions or dispersions. In all cases, the form should be sterile and
should be fluid to the extent that easy syringeability exists. It should also be
stable under the conditions of manufacture and storage and be able to be
preserved against the contamination of microorganisms, such as bacteria and

fungi. The pharmaceutical composition may also be in the form of salts.

The pharmaceutically acceptable carrier can also be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol,

propylene glycol, and liquid polyethylene giycol, and the like), suitable mixtures
thereof, and vegetable oils.

The preparation of more, or highly, concentrated solutions for direct injection is
also provided, where the use of DMSO as solvent may result in extremely rapid
penetration, delivering high concentrations of the active compound of the

pharmaceutical and antimicrobial composition to a small affected area.

in addition to forms of parenteral administration, such as intravenous or

intramuscular injection, other acceptable forms of administering the
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pharmaceutical composition or the antimicrobial composition include, but not
limited to: tablets or other solids for oral administration; liposomal formulations;

time release capsules; and any other form currently used, including creams.

One may also use nasal solutions or sprays, aerosols or inhalants in the
present invention. Nasal solutions are usually aqueous solutions designed to be
administered to the nasal passages in drops or sprays. In addition, antimicrobial
preservatives, similar to those used in ophthalmic preparations, and appropriate

drug stabilizers, if required, may be included in the formulation.

Additional formulations which are suitable for other modes of administration
include vaginal suppositories and pessaries. A rectal pessary or suppository
may also be used. Suppositories are solid dosage forms of various weights and

shapes, usually medicated, for insertion into the rectum, vagina or the urethra.

Oral formulations include such normally employed excipients as, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate and the like. These
compositions take the form of solutions, suspensions, tablets, pills, capsules,
-sustained release formulations or powders. For oral therapeutic administration,
the active compounds of the pharmaceutical cohwposition or -antimicrobial
composition may be incorporated with excipients and used in the form of
ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, sympé,
wafers, and the like. '

In particular, the pharmaceutical composition or the antimicrobial composition
according to any aspect of the present invention may be for topical
administration and may. be suitable for treatment of skin and/or mucous
membrane(s). The pharmaceutical composition or the antimicrobial composition

may also be in the form of eye drop(s) composition or solution.
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The compositions of the present invention may be administered in a manner
‘compatible with the dosage formulation and in such amount as is therapeutically
effective. The formulations may be easily administered in a variety of dosage
forms, such as injectable solutions, but any other suitable form may also be

used, for example, drug release capsules.

The purified isolated antimicrobial peptides may be used without further
modifications or may be diluted in a pharmaceutically acceptable carrier. As the
peptides are stable, the peptides according to any aspect of the present
invention, may be administered to humans or -animals, included in food
preparations, pharmaceutical preparations, medicinal and pharmaceutical
products, cosmetic products, hygienic products, cleaning products and cleaning
agents, as well as any material to which the peptides could be sprayed on or
adhered to wherein the inhibition of microbial growth on such a material is
desired.

The present invention also provides a contact lens solution comprising at least
one pharmaceutical composition; at least one antimicrobial composition; and/or

at least one peptide or fragment thereof, each as described above.

Additionally, the present invention provides a contact lens comprising at least
one polymer and at least one peptide; at least one pharmaceutical composition;

and/or at least one antimicrobial composition, each as described above.

While the invention encompasses administration of peptides to a subject for
therapeutic or prophylactic benefit, it also is envisioned that the peptides will
have other uses. However, the isolated peptides may also be included in
antiseptic or antimicrobial preparations for application or introduction into

environments in which one wishes to prevent or suppress microbial growth.

Accordingly, the present invention. provides a mixture .for application to a

surface, such as a work surface or a surgical instrument, contact lens, a contact
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lens solution or devices used with contact lenses, for the prevention and/or

suppression of microbial growth.

In particular, the present invention provides a. device coating, wherein the
coating comprises at least one pharmaceutical composition; at least one
antimicrobial composition; or at least one peptide or fragment thereof, each as

described above. The device coating may be a medical device coating.

The present invention also provides a device coated with at least one coating
according to any aspect of the invention. The device rhay be a medical device.
" In the context of medical devices, the peptides of the present invention in their
pure form or cdmbined with other antimicrobial peptides or agents, could be
sprayed on, coated on, or adhered to any surface of a medical device wherein
the inhibition of microbial growth on such a surface is desired. Examples of
such medical devices include, but are not limited to, an endotracheal tube, a
catheter, a vascular catheter, an urinary catheter, a nephrostomy tube, a biliary
stent, a peritoneal catheter, an epidural catheter, a central nervous system
catheter, an orthopedic device, a prosthetic valve, a needie, a sheath, a stent
and a medical implant.

The present invention also provides a kit comprising: at least one antimicrobial
peptide; at least one pharmaceutical composition; ~and/or at least one
antimicrobial composition, each as described above, disposed in at least one
suitable container. The kit may further comprise at least one additional

antimicrobial agent.

The antimicrobial peptides of the present invention may be used alone.
However, they can also be used in adjunct therapy, in combination with another
antimicrobial agent and/or antibiotic. In terms of killing or inhibiting a bacterium,
one would contact the bacterium with an effective amount of an antibiotic in
combination with an amount of an antimicrobial peptide effective to inhibit

growth and/or proliferation in the bacterium. Accordingly, the present invention
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provides a method of inhibiting and/or reducing the growth of at least one
microorganism comprising contacting the microorganism with: at least one
antimicrobial peptide; at least one pharmaceutical composition; and/or at least

one antimicrobial composition, each as described above.

The microorganism, e.g., bacterium, or population thereof, may be contacted
either in vitro or in vivo. Contacting in vivo may be achieved by administering to
a subject that has, or is suspected to have a microbial or bacterial infection, a
therapeutically effective amount of pharmacologically acceptable antimicrobial
peptide formulation alone or in combination with a therapeutic amount of a
pharmacologically acceptable formulation of an antibiotic agent or other
antimicrobial peptide. The invention may thus be employed to freat both
systemic and localized microbial and bacterial infections by introducing the
combination of agents into the general circulation or by applying the
combination, e.g., topically to a specific site, such as a wound or burn, or to the

eye, ear or other site of infection.

The present invention also provides a method of inhibiting and/or reducing the
growth in a host of at least one microorgénism comprising administering to or
applying onto the host: at least one antimicrobial peptide; at least one
pharmaceutical composition; and/or at least one antimicrobial composition,

each as described above.

Also provided is a method of treating at least one microbial infection comprising
administering to a subject: at least one antimicrobial peptide; at least one
pharmaceutical composition; and/or at least one antimicrobial composition,
each as described above. The present invention further provides a method of
treating at least one multi-drug resistant microorganism comprising treating the
microorganism with: at least one antimicrobial peptide; at least one
pharmaceutical composition; and/or at least one antimicrobial composition,

each as described above.
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The term "microorganism" is used for simplicity and it will be easily understood
that the invention is suitable for use against a population of microorganisms,
i.e., "bacteria". In the context of bacterial or microbial infections, a person of
ordinary skill would recognize the wide variety of potential pathogens. Examples
of microorganisms include any one of the following, but are not limited to:
B.pseudomallei, Staphylococcus aureus, Escherichia coli, Pseudomonas

aeruginosa and Bacillus cereus as well as viruses and fungi.

The present invention also provides a drug screening method comprising
administering at least one analog of hBD3 or a fragment thereof to at least one
cell, and determining whether the analog or fragment thereof has reduced

cytotoxicity to the cell compared to the wild type hBD3.

Another aspect of the present invention is a method of designing a peptide
analog or fragment thereof comprising deleting any residue of cysteine,
replacing any residue of cysteine with any other amino acid or a derivative
thereof or with a protected cysteine residue or derivative thereof, administering
‘to a éell, and determining a reduced cytotoxicity. The peptide may be at least
one analog to hBD3. The design principle may be (but not limited to) the
, foilowing: the decreased cytotoxicity to human cells can be controlled by the
rational design of linear analogs of defensins peptides by molecular modelling
and theory calculation in terms of overall hydrophobicity and charge density.
Overall hydrophobicity is a basic physiochemical property of peptide as a result
of folding in water. The overall hydrophobicity (the change of free energy, AG,
kcal/mol) was calculated based on the hydrophobicity scale of Wilmley and
White. Greater hydrophobicity is represented by a more positive AG. The overalll
hydrophobicity and charge density are. associated with 3D structure of the
peptides.
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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.

MATERIALS AND METHODS

Solid-phase Peptide Synthesis (SPPS)

Fluorenylmethoxycarbonyl (Fmoc)-protected L-amino acids and resin were

purchased from Advanced ChemTech (now advanced automated peptide
protelin TECHNOLOGIES, aappTEC) (KY, U.S.A.) and were used with the
following side-chain protective groups: Arg (pbf)' or Arg(pmc), Lys(Boc),
Tyr(But), Trp(Boc), Thr(But), Ser(But), GIn(Trt), Glu(OBut), Asn(Trt), Cys(Acm),
and Fmoc-Lys(Boc)-Wang resin (substitution 0.72mmol/g). Syntheses of six
linear analogs of hBD3 were carried out on Apex 396 by Fmoc-chemistry.
Acylation (coupling reaction) was carried out with HBTU-HOBT (HBTU is N-[1H-
benzotriazol-1-yl)-(dimethylamino)methylene}-N-methylmethanaminium

hexafluorophosphate N-oxide, and HOBT is N-hydroxybenzotriazole) in DMF
(N,N-Dimethylformammide) at a synthesis scale of 0.04 mmol. Fmoc
deprotection was carried out with 20% piperidine in DMF. The. resulting peptidyl
resins were treated with a freshly prepared mixture of trifluoroacetic acid
(TFA)/triisopropylsilane (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
precipitated by filtration into ice-cold diethyl ether, separated by centrifugation,
washed three times with ice-cold ether and dried by automated evaporation of
ether and other remaining/residual solvents in crude solid products in fume
hood or dried under vacuum at room temperature. For further purification, the
crude products were dissolved into mixture solvents of 5% CAN, 0.1% TFA in
H20, and loaded onto a semi-preparative column (Waters, a Delta PAKC18,

300 mm x 7.8 mm, 15 pum, 100 A, , flow rate 3 ml/min; eluant A, 0.01% TFA in
DI water; eluant B, 0.01% TFA in CAN; gradient 20-35% of ejuant B in 20 min;
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aqueous solution. The CD spectra of six linear analogs and wild-type
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CD spectrum of native hBD3. All analogs and wild-type hBD3 in water had
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range of 196-260 nm. Every sample and solvent was scanned three times and
CD of solvent was deducted from that of sample solution. The results are

shown in Figures 2, 3 and 4.

Antimicrobial Assay for Defensins Analogs

Materials ,

The bacteria assayed included Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Bacillus cereus
NCTC 2599. Sterile flat-bottom, 96-well tissue culture plates (92096, TPP) was
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coli ATCC 25922 and in triplicate for Pseudomonas aeruginosa ATCC 27853).

The final volume per well was 200ul. For negative control well, 200 ul of

uninoculated PMH was added.

Cytotoxicity Assay

Cytotoxicity of these analogs was analyzed on primary cultured human normal
conjunctiva epithelial cells by. measuring cell viability using CellTiter-blue. Wild
type hBD3 was used as a control in all analyses. Figure 5.
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Hemolysis Assay

The release of hemoglobin from fresh rabbit erythrocytes was used as a

measurement for the membranolytic activity of tested peptides. Figure 6.

RESULTS

Example 1: linear analogs with 45 residues of hBD3

Synthesis of analogs of hBD3. The solid-phase synthesis of six linear analogs
with 45 residues of hBD3 was performed using Fmoc-chemistry as described in
detailed in Table 1. (sequence, total residue, hydrohopho"bicity, net charge,
overall hydrohopbicity). Yields of crude product and pure product based on

synthesis scale was reported, see supporting information Table 1.

Table 1. the basic physicochemical property of peptides

Variant |Number of residues| Net Overall Relative
charge| hydrophobicity | hydrophobicity®
Total| Hydrophobic (kcal/mol)®
(aromatic)

Wt 45 14 (2) 11 -12.65 20.5
S6 45 14 (2) 11 -14.87 28.3

C(Acm)6 | 45 14 (2) 11 (>-12.85) n.c.
AB 45 14 (2) 11 -15.11 23.5
F6 45 14 (8) 11 -7.31 11.5
Y6 45 14 (8) 11 -8.45 12.7
W6 45 14 (8) 11 -2.99 6.1

a. The overall hydrophobicity (AG, kcal/mol) was calculated based on the
hydrophobicity scale of Wimley and White, 1996. Greater hydrophobicity is represented
by a more positive AG; '

b. Calculated by the Hopp-Woods scale (1983); n.c., not calculated.
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Molecular Hydrophobicity

In comparison with native hBD3, this series of linear analogs of hBD3 with full-
length and 11 net positive charge are structurally homogenous as they are
designed and synthesized only by uniform replacement of six bridging cysteine
residues in hBD3 with other six residues with different hydrophobicity, e.9., A, S,
C(Acm), F, Y and W. These linear analogs provide a well-defined model for
testing the effect of overall hydrophobicity, second structure and linearity/or
constraint imposed by three disulfide bridges on antibacterial, cytotoxicity and
“hemolytic activities. We have measured the relative molecular hydrophobicity by
HPLC-MS in term of retention time (tR) at 500 ug/ml and 100 ug/ml (Table 2)
and overall hydrophobicity were calculated based on the hydrophobicity scale of
Wilmiey and White and Hopp-Woods Scale, respectively. The change trend of
overall .hydrophobicity, which is calculated based on two different scale,
generally fits well, and the HPLC result matches the calculations very well. The
general order for the relative molecular hydrophobicity of peptides is -as
following: W6 > F6 > Y6 > native hBD3 > A6 > S6 > C(Acm)6. However the
order for the hydrophobicity of replacement residue is as following: Phe
> Tyr =Trp > Cys > Ala > Ser (the data for C(Acm) is unavailable) [Black, S.D.
and Mould, D.R. (1991)], the trend of overall hydrophobicity of peptides does
not always match that of replacement residues due to the peptide folding in
aqueous solution. In the following sections, we will discuss the effect of overall

hydrophobicity of peptide on biological activities.

Table 2. Relative hydrophobicity of peptides in term of retention time (R1) in HPLC-MS

Standard
Variant Fragment Retention Time (500ug/ml) ‘ Deviation
1st Try 2nd Try 3rd Try Average STDEV
Wo 809.4 29.3 29.3 29.19 29.26 0.06
0442 - -29.31 29.31 1 29.25 29.29 0.03
1132.9 29.26 29.32 29.26 20.28 0.03
-F6 905.2 27.51 21.77 27.67 27.65 0.13

1086 27.46 27.71 27.76 27.64 0.16
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Y6 921.2 23.68 23.89 23.99 23.85 0.16
1105.3 23.64 23.84 23.94 23.81 0.15
Wild-type hBD3  860.2 23.22 23.27 23.22 23.24 0.03
1032.2 23.28 23.33 23.23 23.28 0.05
A6 829.2 - 22.41 22.31 22.36 0.07
994.8 22.45 22.36 22.36 22.39 0.05
S6 845.1 20.62 - 20.21 20.16 . 20.33 0.25
1013.9 20.58 20.17 20.12 20.29 0.25
C(Acm)6 799.3 19.9 20.35 20.12 20.12 0.22
932.4 19.96 20.35 20.13 20.15 0.19
1118.8 19.96 20.3 20.08 20.11 0.17
Standard
Variant  Fragment Retention Time (100ug/mil) Deviation
1st Try 2nd Try 3rd Try Average ' STDEV
W6 809.4 29.59 29.7 297 29.66 0.06
944.2 29.99 29.65 29.7 29.78 0.18
1132.9 29.71 29.6 29.71 29.67 0.06
F6 905.2 - - - - '
1086 28.12 28.32 28.32 28.25 0.12
Y6 921.2 24 .4 24.45 24.35 24.4 0.05
1105.3 24.3 , 24.4 24.35 24.35 0.05
Wild-type
hBD3 860.2 2414 24.4 . 24.29 24.28 0.13
1032.2 24.61 2415 241 24.29 0.28
AB 829.2 - - - -
994.8 22.66 221 22.31 22.36 0.28
S6 845.1 20.47 20.57 20.27 20.44 0.15
1013.9 - - - -
C6 799.3 - - - -
932.4 - - - -
1118.8 20.7 21.09 21.03 20.94 0.21

The increase in antibacterial and hemolytic activity with increasing
hydrophobicity is in accordance with literature reports that predict large
hydrophobic groups will have stronger interactions with- the inner core of cell
membranes leading to loss of selectivity.[llker, et al., JACS, 2004, 126, 15870-
75, see also ref 1, 4 cited in this publication]. In many instances, hydrophobic
interactions have been reported to control hemolytic activities; whereas
electrostatic interactions are suggested to be more important for antibacterial
activity (Harder et al., 2001). These results show that the presence of proper
hydrophobic residues, e.g. W, F and S. and balance of hydrophobic to
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hydrophilic surface area are key structural determinants which indicate the
‘antibacterial and hemolytic activities.

. €D Spectroscopy and Peptide Secondary Structure

' PreVious‘ X-ray and NMR studies [some publications, including hB'DZ, Sawai et
al., Biochemistry, 2001, 40, 3810-16; hBD3, Schibli et al., JBC 2002, 277(10),
8279-89] have shown that the tertiary structures of human B- defensins (hBD1-
3) are similar with a short a-helical segment proceeding a triple—stranded anti-
parallel B-sheet held rigidly by three disulfide bonds. However, in the absence of
© constraints imposed by three disulfide bonds, linear analogs of hBD3 are likely
- to be flexible and random in équeous solution, adopting conformations dictated
by the environment. Therefore, it was of interest to systemically determine the
~.solution conformations' of the iineér peptides by CD spectroscopy. An analysis
of the structural characteristics of hBD3 derivatives was performed by CD
spectrometry in an aqueous solution and in the presence of the organic modifier
trifluoroethanol (TFE) or membrane mimetic SDS micelle. (Figures 2-4). TFE
has been widely used in protein structure study since it can induce the adoption
of stable, protein-like conformations -from otherwise unstructured/random
peptides in aqueous solution. The CD spectra of six linear analogs and wild-
type hBD3 in agueous solution are very similar, and agree very well with the CD
spectrum of native hBD3. All analogs and wild-type hBD3 in water had a strong
minima at 196-200 nm in accordance with a predominantly unordered structure,
showing largely random coil structure in aqueous solution. “This result shows
that the existence of three disulfide bonds or their absence and the type 6f
replacement for the amino acid residues has no -significant effect on the
secondary structure of hBD3 derivatives, thus, the secondary structure seems
to be dictated independently of the presence of multiple di_sulfide bridges or the
replacemént residues of the six cysteine residues. In the presence of different
amounts of an organic modifier, TFE, in water, e.g., 20, 50, 70% (only CD

spectra in 50% TFE was reported here), all analogs and native hBD3 undergo a
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marked conformational fransition, their CD spectra were red-shifted with clearly
observable double mi'nirﬁa at wavelengths of 205-222 nm and a strong positive
peak at around 190-193 nm. Such a spectrum is characteristic of a-helical
structures and therefore it is possible to conclude that the presence of TFE
increases the proportion of helical conformation i‘n these peptides solutions. The
a~helix content of the six analogs and wild-type hBD3, especially for W6, S6,
F6, wild-type hBD3 and Y6, greatly increased in the presence of THF, which is
known to stabilize this type of conformation, their difference in a-helix content
may arise from possible sfacking of aromatic ring side groups of residues in W6,
F6, Y6, or possible hydrogen-bonding between side groups of residues in A6 or
-the stabilization force of three disulfide bonds to the well-defined conformations
of a-helix inffor. wt-hBD3. In some cases (W6, S6, C(Acm)6), the higher the
concentration of TFE, the higher a-helix content. This CD trénsition also occurs
in 10 mM and 20 mM SDS micelles, which better mimic the anisotropic lipid
environment of membranes, the a-helix content of the six analogs and wild-type
hBD3, especially for W6, S6, wild-type hBD3, F6 and Y6, also increased to
_.some extent due to the same effect of structural determinants as they do in the
presence of TFE. In most cases, especially for W6 and Y6, a-helix content is
higher at 10 mM rather than 20 mM SDS. Furthermoré, if the molecule is rigid, it
would be expected to be resistant to any major solvent-induced conformational
changes. However, in the presence of TFE and SDS, the CD spectrum appears
to change dramatically, indicé‘ting the strong interactions of the peptides with
the solvents.

The molecular weight of six linear analogs was characterized by use of Mass
Spectrometry according to standard technique known to any skilled persbn in
the art. The results are reported in Figures 8-13.

It was reported that no correlation has been generally been observed between

degree of helicity and antibacterial activity; high helicity often correlates with
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h‘igh hemolytic properties, albeit not with antibacterial activity [Oren et al.,
Biochemistry, 1997, 36, 1826-35]. The correlation between helicity and
antibacterial ‘activity, cytotoxicity and hemolytic activity will be discussed in the
following sections.

Antibacterial Activity
LD50, LD90, LD99 and LD99.9 of wild-type hBD3 and its linear analogs were
determined against two Gram-negative (E. coli and P. aeruginosa) and two

Gram-positive (B. cereus, S. aureus) (Table 3). See aiso Figures 7(A, B, C and
D). ‘

Table 3 shows the pathogen(s) killing ability of the wt hBD3 and its linear
-analogs. | ‘

|P aeruginosa, ATCC27853 3

Peptide WLD50 (ug/mi) | vLD90 (ug/ml) | VLD99 (ug/ml) | V.D99.9 (ug/mi)
whbd3 2.7 5.7 ~ 11.4 12.4

F6 9.2 11.8 12.4 . 125

AG 10.3 20.2 24.5 24.9

c6 11.2 21.7 24.7 25

Y6 9.4 12.1 21.5 24.5

S6 4.7 5.9 6.2 11.4

W6 5.1 9.5 12.2 12.5

i
H

| Staph aureus , ATCC25923

Peptide WLD50 (ug/ml) | VLD9O (ug/ml) | VD99 (ug/ml) | WLD99.9 (ug/mi)
whbd3 5.5 10.7 12.2 12.5

F6 10.1 18 24.4 24.9

A6 20.8 ‘ 41 50 >100

c6 25 46.8’ 91 >100

Y6 17.7 . 236 '24.9 48.4°

S6. ‘ 9.8 15.1 24.5 >100

we 1.5 " 56 10,4 12.4
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E coli, ATCC25922 i ' |

|

i

Peptide VLD50 (pg/ml) | WLD9O (ug/mi) | v.D99 (ug/ml) |M.D99.9 (ug/ml)
whbd3 9.3 11.8 12.4 12.5

F6 9.4 12 17.7 24.3

A6 18.7 23.8 24.9 38.5

C6 18.7 23.8 24.9 42

Y6 13 22.6 24.8 25

S6 9.3 11.8 12.4 12.5

W 4.8 6.2 11.9 12.5

B cereus, NCTC2599 |

Peptide WL.D50 (pg/mi) | vL.D9O (ug/ml) | W.D99 (ug/ml) | M.D99.9 (ug/ml)
whbd3 3.9 ) 5.8 6.2 6.2

F6 9.4 11.9 12.5 12.5

Ab 19.6 29 47.9 49.8

C6 19.6 28.3 47.8 49.8

Y6 18.7 23.75 24.8 25

S6 11.8 22.25 24.75 25

W6 7.4 11.5 12.4 12.5

Our result of full-length linear hBD3 analogs shows that the replacement of the
six cysteine residues by alanine (A), serine (S), cysteine protected by  Acm
[C(Acm)], tryptophan (W), tyrosine (Y), and phenylalanine (F), respectively, has
some effect on antibacterial activity. W6, S6 and F6 are the most potent
analogs in comparison with hBD3, while Y6, C(Acm)6 and A6 have relatively
less potency. W6 has lower LD50, being lower than 5ug/ml, against E. coli and
S. aureus and it has comparable LD50, being less than 8ug/ml, against P.
aeruginosa and B. cereus. 86 and F6 also have comparable level LD50s (less
than 10 ug/ml) against. the four pathogens For C6, Y6 and A8, most LD5OS
against- pathogens are in the range of 10-20 ug/ml The result show thls serles
of linear analogs espemally W6, S6 and F6 have high actlv;ty to kill E. coli, P.
aeruginosa and S. aureus compared with the cyclic or noncylic 40-reside hBD3

derivatives [Enno Kluver et al., Biochemistry, 2005], which were measured in
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terms of the minimum inhibition concentration (MIC). LD90s of S6, W6 and F6
are in the range of 5-20 ug/mi, they have comparable activity in comparison with
wt hBD3 and other cyclic or linear hBD3 analogs, which have most potent

activity [Hoover et al., Antimicrobial Agents and chemotherapy, 2003, 47(9),
2804-09]. '

The fact that the 45-residue full-length linear variants are as active as their wild
type hBD3 with multi disulfide bridges shows that the presence of three disulfide
bonds is not a necessary requirement for antimicrobial activity. In contrast,
reduced hBD2 was earlier reported to be inactive as a anti-microbial [Enno
Kluver et al., Biochemistry, 2005]. The tryptophan-rich derivative, W6, is the
most potent antimicrobial. This high activity can be assigned to the presence of
six tryptophan. residues. The tryptophan-rich variant can be compared with other
tryptophan-containg antimicrobial peptides such as tachyplesin W4, tritrpticin,
indolicidin and lactoferricin, in which tryptophan has been reported to be an
essential constituent. The aromatic indolyl side chain of tryptophan is capable of
7-7 stacking interactions and can participate in hydrogen bonding, particularly
in an interfacial environment. For tyrosine- and phenylalanine- rich variants Y6
and F6 may also be capable of m-7 stacking interactions and/or can

participate in hydrogen bonding, just as the tachyplesin derivatives, Y4 and F4
were found. ‘

The antimicrobial activity of hBD3 derivatives depends on théir ability to contact
the pathogen cell membrane by electrostatic interactions between cationic
hBD3 analogs and negative membrane of the pathogen, and for the anti-
microbial molecule to insert into the membrane by hydro'phobic interactions.
The major determining structural factors are the net positive charge and the
overall hydrophobicity. The overall hydrophobicity of peptides waé calculated
and measured by HPLC. ,~Amohg« the linear analogs and wild type hBD3, the
most hydrophobic W6 and most hydrophilic S6 are potent antimicrobials, it

shows that the third key structural determinant, the balance between hydrophilic
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and S. aureus and it has comparable LD50, being less than 81,tg/ml,
against P. aeruginosa and B. cereus. 36 and F6 also have comparable
level LID50s (less than 10 pg/m1) against the four pathogens. For C6, Y6
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The potent anti-microbial linear analogs and wild-type hBD3 were tested

regarding their cytotoxicity to human cells. Cytotoxicity of these analogs

was analyzed on primary cultured human normal conjunctiva egithelial
W%éﬂg%&; éasuring cell viability using CellTiter-blue. See FiguiP E3kfy 77000121

type hBD3 was used as a control in all analyses. It is well established that

cationic peptides not only interact with pathogen cells, but can also display

toxic potential to mammal cells arfPeukaryotic cells. Microbial cell

membranes consist of anionic phosphatidylcholine glycerol as a major

component, however, eukaryotic cell membranes contain mainly

zwitterionic, phosphatidylcholine and phosphatidylethanolamine
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with little or no toxic effects on host cells might be designed and
Aeveloned Ac thece analoace area notent anti-microbiale hiit have low

co nfq



This series of engineered short peptides are designed, synthesized and
structurally characterized by mass spectra and molecular hydrophobicity
analysis using experimental and theoretical methods as described above.
W70073926392PCT/SG2007/000121 42 Molecular hydroph86ibibs3e/000121
overall molecular hydrophobicity of the C-terminus hBD3 analogs were
measured by RP-HPLC-MS in terms of retention time at 1 mg/ml (Table 4
and Figure 14). RPHPLC is an apgtoach that is commonly employed for
such comparisons of peptides or amino acid side chains among
antibacterial peptides. Since the stationary phase of C18-modified silica is
hydrophobic and the mobile phase (water-acetonitrile) is hydrophilic,
implidengerftetentaletiiesstoeldbeomrakizd wiss¢rgblr aydrdgMelsimyent of

The measyred order for the mgle Y. ici ' }
N A e b e
large hyctwphebitity aieleptides forteatisrofotdisidfidembgrdpinane L campligaied

ACN % _of peak (qradient 2- %0, 30 mingand =31 %0, '
S R e R T R i
unne@ss4ariy2 C8radspeTding24ptdent antimicrobial defensins derivatives with
little or no toxic effects on host cells might be designed and developed. As
these analogs are potent anti-microbials but have low mammalian cell
cytotoxicity they have diverse applications, for example, they may be added to
contact lens solutions to prevent infections or added to OTC eye care solutions

to give them more potency in warding off infections.
Example 2: C terminal fragment analogs (10 residues) of hBD3

The two cysteine residues at the C-terminus of the 10-residue fragment of native hBD3
were uniformly replaced by residues of differing hydrophobicity, viz., phenylalanine,
tryptophan, tyrosine, leucine, isoleucine, valine, cysteine and histidine, to form the
corresponding short peptides, the second series of hBD3 analogs, [coded as W2, F2,
Y2, L2, 12, C2 (or C(Acm)2)] with varying overall hydrophobicities.

RGRKCCRRKK 10-residue C-terminus fragment of  SEQ ID NO: 37

A hBD3
RGRKWWRRKK W2 SEQ ID NO: 38
RGRKFFRRKK F2 SEQ ID NO: 39
RGRKYYRRKK Y2 SEQ ID NO: 40
RGRKLLRRKK L2 SEQ ID NO: 41
RGRKIRRKK 12 ' SEQ ID NO: 42
RGRKVVRRKK V2 SEQ ID NO: 43

 RGRKHHRRKK H2 SEQ ID NO: 44
RGRKC(Acm)C(Acm)RRKK ~ C2 [or C(Acm)2] SEQ ID NO: 45

This series of engineered short peptides are designed, synthesized and structurally
characterized by mass spectra and molecular hydrophobicity analysis using
experimental and theoretical methods as described above.



12.88 12 22.1311.96 Y2 21.75 11.79 V2 17.46 9.86 C2 17.05 9.67 H2
\1/\}2.45F72.15 a. Order for The order for overall hydrophobicity of peptides:
> F2> | 2> 12> Y2 > V2> 02 > H2 The relative hydrophobicities of the

WB@B%&?%&e also calculated based on the Hopp-Vzoodz hydrlz)(f)wﬁl(éﬁ p7/000121

scale (Table 5). The order for overall hydrophobicity of this series of
peptides: W2> F2 > Y2 > L2 =12 > V2> H2. This scale is a hydrophilic
index where apolar residues havétBeen assigned negative values, and is
typically used to identify antigenic regions based on hydrophilic patches.
For each peptide, we summed the values corresponding to each residue
separately in each peptide to gauge the peptide's relative hydrophobicity

remaining analogs. The trend in WO
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The overall molecular hydrophobicity of the C-terminus hBD3 analogs were measured

by RP-HPLC-MS .in terms of retention time at 1 mg/mi (Table 4 and Figure 14). RP-
HPLC is an approach that is commonly employed for such comparisons of peptides or

Molec

amino acid side chains among antibacterial peptides. Since the stationary phase of
C18-modified silica is hydrophobic and the mobile phase (water-acetonitrile) is
hydrophilic, longer retention times should be correlated with higher hydrophobicity. The
measured order for the molecular hydrophobicity of the peptides is as follows: W2 > F2
>L2>12>Y2>V2>C2>H2

Table 4. The overall hydrophobicity of peptides in terms of retention time (Rf) in
HPLC-MS and ACN % of peak (gradient 2-15.5% in 30 mins and then 15.5-31%
in 3 mins of eluent B (ACN)

Variant | Retention time (min) | ACN % #
(UV peak) ®
W2 31.92 25.42
F2 28.41 14.78
L2 24.19 12.88
12 22.13 11.96
Y2 21.75 1 11.79
V2 : 17.46 9.86
C2 17.05 9.67
H2 11.45 715

a. Order for The order for overall hydrophobicity of peptides: W2 > F2 > 12 > 12 >
Y2>V2>C2>H2

The relative hydrophobicities of the peptides were also calculated based on the Hopp-
Woods hydrophilicity scale (Table 5). The order for overall hydrophobicity of this series
of peptides: W2 >F2>Y2>12 =12 > V2 > H2. This scale is a hydrophilic index where
apolar residues have been assigned negative values, and is typically used to identify
antigenic regions based on Hydrophilic patches. For each peptide, we summed the
values corresponding to each residue separately in each peptide to gauge the

peptide’s relative hydrophobicity with respect to the remaining analogs. The trend in ~



hydrophobicity of peptides computed using this scale generally matches

that of the experimental HPLC retention time data, except for the order for

Y2, L2 and 12. 02 [C(Acm)21, was excluded as Acm does not have a
WEHRERH®Ng value in the Hopp-Woods scale. The eight pepfi§d45&8(y/000121

relatively high hydrohphilicity, however, the overall molecular

hydrophobicity varies in a large range (Table 4 and Figure 14). Table 5.

The basic physicochemical propedy of C-Terminus fragment peptides

Number of residues Net positive charge Relatively overall hydrophobicity'

Variant Total Hydrophobic .(aromatic) residue W2 10 2(2) 7 14.2 F2

hydrophobicity of peptides computed using this scale generally matches that of the
experimental HPLC retention time data, except for the order for Y2, L2 and 12. C2
[C(Acm)2], was excluded as Acm does not have a corresponding value in the Hopp-

Woods scale. The eight peptides show relatively high hydrohphilicity, however, the
overall molecular hydrophobicity varies in a large range (Table 4 and Figure 14).

Table 5. The basic physicochemical property of C-Terminus fragment peptides

Number of residues Net Relatively
. : positive overall
Variant | Total _ H(yac:l(')c;];qagg 2)'0 charge | hydrophobicity®
residue
W2 10 2(2) 7 14.2
F2 10 2(2) 7 16
Y2 | 10 2(2) 7 16.4
L2 10 2(0) 7 17.4
12 10 2(0) 7 17.4
18
V2 10 2(0) 7
Wit- 19
fragment 10 0(0) 7
H2 10 0(2) 9P 20
c2 10 0(0) 7 n.c.

a. The overall hydrophobicity was calculated based on the hydrophobicity scale of
Hopp-Woods hydrophilicity scale. Lower value corresponds to lower
hydrophilicity or higher hydrophobicity; n.c., not calculated. The order for overall
hydrophobicity of peptides: W2 > F2>Y2>12=12>V2>H2

b. Histidine: weakly basic

Cytotoxicity

The cytotoxicities of native hBD3 and four of the eight new peptides {W2, Y2, V2 and
L2) to human conjunctival epitheliam cells were tested. The primary results of the
cytotoxicity tests (Figure 15) show that four peptides show decreased cytotoxicity in
the concentration range of 6.25-200 ug/ml in comparison with native hBD3, as did the
first series of six linear full-length analogs of hBD3 [F6, W6, Y6, A8, S6 and C(Acm)6] .



10 2(2) 7 16, Y2 10 2(2) 7 16.4 L2 10 2(0) 7 17.4 12 10 2(0) 7 17.4 V2 10
2(0)

WO 2007/126392 PCT/SG2007/000121

44

Thus, when comparing Table 4 and Figure 15, this series of peptides corroborates our
earlier conclusions that hydrophobicity correlate well with cytotoxicity. We have shown
the new peptide designs reduces cytotoxicity and this Is particularly important,

considering that these peptides will be directed to mucosal surfaces which are covered
by epithelial cells.



WRREYAYeRSbhilicity or higher hydrophobicity; n.c., not calculat8§T1007/000121

7 18 Wit- fragment 10 0(0) 7 19 H2 10 0(2) 9 b 20 C2 10 0(0) 7 n.c. a.
The overall hydrophobicity was calculated based on the hydrophobicity
scale of Hopp-Woods hydrophilicity scale. Lower value corresponds to

order for overall hydrophobicity of peptides: W2> F2 > Y2 > L2 =12 > V2>
H2 b. Histidine: weakly basic Cytotoxicity
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Whﬁ@gt@paéram@@mﬁwﬁmmﬂd@ﬁhaéﬂwﬁyam@h‘ﬁcﬁtyts‘éa@ 6r NO:28
L g g R I T e ettty the
prisdictad pentiteactigenisasetberanaing adiol Faauerte20{4HnMBensof: SEQ
1DBIl@6 | i '"193 282 .20\ 4 /5
Illaer, M %F%N%s%?gnyia(ér%%ﬁ%@ﬁ%@o%%%ég%e%ﬁﬁz %’e*ilén%gl%ic’ X
arenAn¥ibiscterisl anetivitiesidfexansiishiieiPelympiistasted Cysivagessidue or
Ao 1o 305002 0RedAS(ABL LS TOSLERMT, BLicawe Mokontia, H

P.; Liu, L; Aseyev, V.; Wiencek, J.M.; McCray, P. B., Jr.; Ganz, T.,

Kearney, W. R.; Tack, B. F., The NMR Structure of Human PDefe ns i n-2
RIS deRlifR Reacsdige SRiIBibchbensin thoerkide bps a reduced
3846386it7 20 At eBad 0FBApheRsleiVEkSis o RaBRy RiRLENEthBD3.
Mammalian Cells by Diastereomers of Melittin: Structure-Function Study,
Biochemistry; 1997; 36(7); 1826-1835. 23. Enno Kluver, Sandra
SchnlzsvatendseiprepiacteeiReen MeysbivMat&RRIe BRAESIBANG least

and Knut Adermann, Structure-activity relationship of human 11.-defensin
3: AFURABHAS eiiAMBEsS S &R RFSREHBS bSRIch Yrlantimicrobial
activity and cytotoxicity, Biochemistry, 2005, 44, 9804-9816. MCSL I.,P
Claims An isolated antimicrobial peptide, wherein the peptide is a linear
anAI¥§SPhBPBRSISINE G mBRMARFRR IR 3 RRIAING RE'@AIcY is not SEQ
ID NO:28 and the fragment is not any one of SEQ ID NOs:31 to 36 and
wherein the jsolated peptide comprises the amino acid seciu_ence of any
onte BPss )l ePRIBsia9dhe pRYTmosolifte Arorrdinirifialny Bk Hrexector
XZ2063r i g6 aath®.is: any amino acid except cysteine; a protected
cysteine residue or derivative thereof except C[Abu]; or the amino acid is
not present. The isolated peptide according claim 1, wherein the peptide

. has agrgtaedaytietaxisbnisositleastcuariingliak cedcampaeedititiRrobial

wild type hBD3. An isolated polynucleotide, wherein the polynucleotide
enkBhEde;t Y@&%‘E%ﬂe“b%p?%%’“&@frﬁgﬁéﬁﬁﬂe@%ﬁ'&@c%ﬁ@ﬁ’é @hi fragment

2. thereof, provided that the analog is not SEQ ID NO:28 and the fragment is
not any one of SEQ ID NOs:31 to 36.

A pharmaceutical composition comprising at least one antimicrobial

peptide according to claim 1 or 2.
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10.

11.

12.

13.

14.

A vector comprising the polynucleotide according to claim 3. A host cell
comprising the polynucleotide according to claim 3 or the vector according
to claim 4. A pharmaceutical composition comprising at least one
antimicrobial peptide, wherein the peptide is a linear analog of hBD3 BIC&LI.P
fragment thereof, provided that the analog is not SEQ ID NO:28 and the
fragment is not any one of SEQ ID ¥©s:31 to 36. A pharmaceutical
composition comprising at least one antimicrobial peptide according to
claim 1 or 2. 48 8.The pharmaceutical composition according to claim 6
or 7, wherein the pharmaceutical composition is formulated for topical,
ordiher pasemtacalitidalivistraiitiond aldee rehvagntaceldigalCe@nmsiiesrein the
according to any,one of clajms 6 to. 8, wherein the pharmaceutical
OB L R P B LRy e 187 g parenteral
phatmmdsiusittahcomposition according to any one of claims 6 to 8,
10wherein the pharmaceutical composition is formulated for administration
by inhalation. 11. An antimicrobial composition comprising at least one
pefttieleptimraat actioalicgigpdsitiorl accbedid@ttteasiyrmaast-peptee 6 to 8,
arw icer}onbiﬁ!ea%%nt. 12, Thle %harmace tical.ccgnﬁ)osilti%n ‘f%%ordfig’%to ﬁﬁw
on& 6f Slaims 61610 8 aive FhtiknHBBRA l%rﬁ% QitiBH'5%r F]ga [Hfiriation
1hwihgreiiothe composition is for topical administration and is suitable for
treatment of skin and/or mucous membrane(s). 13. The pharmaceutical
composition according to any one of claims 6 to 10 or the antimicrobial
cofiveopitiermecartiosy woolpiosilit nvdwereiditige tcoamppsitiend$ tldmsanio 8,
of v?ls{grgfﬁ%sg c%mpr%%iggnt%gﬁj/% solgti?.%.n251 LA c?nta t fens 8OIUtiO{E f
comprising a ISR O p armacemf%a?'c'omﬁ%si%rﬂ%8&% d 85 ) QHQ' gtion
oflmyaimhal@tiorllO, at least one antimicrobial composition according to claim
11, and/or at least one peptide or fragment thereof according to wherein
the peptide is a linear analog of hBD3 or a fragment thereof, provided that
thédanatdgrErdii SIE QafiDshior2&amp tisinfyagin debst notanyapiiief thereof
SEQ ID NOs:31,t0 36. MCSLLI; 49 15 A contact lens solutjon.comprisin
SSRGS L Zang e s e D R B
linear analog of hBD3 or a fragment thereof, provided that the analog is
ggﬁiﬁ@é?@é%%ﬁg%d g?é% f%iﬁl%%ngéscga%t i r"ilg XS g(re“g f()‘Qr“\'g %flc al\llncq)sS g Jfot %0 or
the antimicrobial composition according to claim 11, wherein the

composition is for topical administration and is suitable for treatment of

skin and/or mucous membrane(s).

The pharmaceutical composition according to any one of claims 6 to 10 or
the antimicrobial composition according to claim 11, wherein the

composition is in the form of eye drop(s) composition and/or solution.

A contact lens solution comprising at least one pharmaceutical
composition according to any one of claims 6 to 10, at least one
antimicrobial composition according to claim 11, and/or at least one
peptide or fragment thereof according to wherein the peptide is a linear
analog of hBD3 or a fragment thereof, provided that the analog is not SEQ
ID NO:28 and the fragment is not any one of SEQ ID NOs:31 to 36.
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15.

16.

17.

18.

19.

20.

21.

5composition according to any one of claims 6 to 10, and/or at least one
antimicrobial composition according to claim 11. 16. A device coating,
wherein the coating comprises at least one pharmaceutical composition
according to any one of claims 6 to 10, at 10 least one antimicrobial
composition according to claim 11, or at least one peptide or fragmeWc?SLLP
wherein the peptide is a linear analag of hBD3 or a fragment thereof,
provided that the analog is not SEQ ID NO:28 and the fragment is not any
one of SEQ ID NOs:31 to 36. 1517. The device coating according to claim
16, wherein the device coating is a medical device coating. 18. A device
coatechidth Erisasblatierca@atnpraiegrdinigastyame pbiglaisrsalfl tatlléaz0 one

19. The device according to claim 18, wherein the device i theter,_a
nESALEE WESTET Hs PeRis I LORET 261008 S RB g diRgment
otkanatim providd @ ¢ptitl hacapatigpisonan\b &t B REcRénaddin, fhigasnt is
one pharmaceutical pasition.accordin a ne of claims 6 to 10, ..
b R o SRS D e iy g naceutica
dispogeabiticat Eestroliregstotably cortadhelaims28. tohelkibackordiddast one
clai |2%f rit er com&sriiglrggtclgaqs[l;[ one %paditiopqal 30antimicrobial agent.
MOBM P56 22 ARRehad B iRk r?t?ng anallGr reducing the growth of at
least one microorganism comprising contacting the microorganism with at
legst gne. antimicrabial peptide.accerding to.any one of claims 1.t0,2, a

Bt SR A T B S eca, SE R o aiied one
tofpbaamdfmuiiatle as s Rictmecratridinep tap asitioorac adrdiage daton 1Q, at

alone, or in combination with another antimicrobial agent apd/or antibiotic.
S S R B R R T 258 e
B peetidpmalieig8taphyWdresostharpaptiis deezidmaaodnBleuddmBbEs or a
1Qaeruain acillus ¢ a virus and/or a fungu, .
o SR TheraF, SR B WACHE AR08 T I S0 ke he
orfeafremgpmieist nbé o tnatdé St QO ibilxted dpifitelial cell, and
determining whether the analog or fragment thereof has reduced
15cytotoxicity to the cell compared to the wild type hBD3.

The device coating according to claim 16, wherein the device coating is a

medical device coating.

A device coated with at least one coating according any one of claims 16
to 17.

The device according to claim 18, wherein the device is catheter, a needle,

a sheath, a stent and/or a dressing.

A kit comprising at least one antimicrobial peptide according to any one of
claim 1 or 2, at least one pharmaceutical composition according to any
one of claims 6 to 10, and/or at least one antimicrobial composition

according to claim 11, disposed in at least one suitable container.

The kit according to claim 20, further comprising at least one additional

antimicrobial agent.
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22.

23.

24.

25.

26.

27.

28.

25. A method of designing a peptide analog of hBD3 or fragment thereof
comprising deleting any residue of cysteine, replacing any residue of
cysteine with any other amino acid or a derivative thereof or with a
20protected cysteine residue or derivative thereof, administering to at

least one epithelial cell, and determining a reduced cytotoxicity. 26. THe SLL.P
method according to claim 25, whergin the peptide is at least one analog

to hBD3. 25 27. The isolated peptide according to claim 1 or 2 for use as

an antimicrobial agent. 28. An isolated peptide, wherein the peptide is

a linear analog of hBD3 or a 30fragment thereof, provided that the analog

ismonﬁEQdiDdilOiﬂﬁitaﬁdghanN’V@B tdBUEingadheengiowtht aofy aneledast one
(% D NOn.é”%x‘% 3n§ for use as,[gltC r(?dl aemr%rll(t)focr)rto ical ad ratlorg ne
andl or eatmen 8Por mucous membra %ét)srgzxg n |so|%?e8

papnﬁmel,cwﬂnaélp&hbq:mpmdermraglnmalmjnamg of kBD3sod adr@grathtast one
e?;ﬁ (r:%\lljl Pgl‘%’a@]&e%%%f |s§g ]}ﬁ <g:?a|rl1D Noonezg gglmg gqgwntnd/or

ngt any one o (eE3% 8n eye drop composmon
ami/tmwblomnamﬂ@ﬁcmbeaisodmm)pmpmdepmjmmm meshaaptldie imtiecar in

analog of hBD3 afr ment ereg owd%g a |s not SEQ
DR iR sl RS 56, for
use as a contact lens solution. 1531. The isolated peptlde wherein the

tide | S lin f or.a agme nt therepf prowded that.the .
aﬁﬁ]og IS n?gt ge 8%9%,{?‘@938{‘8” He fra%grhen%% fRot a&‘y one o1 §E%m5m 1S
NOs8éud@baliey, u%ﬂ@m&mwan&@@nﬂn@ﬂeﬁwudomonas

a%‘ﬁ&/ﬁé)g? g%]ﬁ%e g%ﬁg% %,“ L}% cRrding.te claim 1 or 2 for inhibiting

ucing gro one microorganism. 33. The
isolated peptide, wherein the peptide is a linear analog of hBD3 or a

fr t f t I

?? nrg?enl%?lé%r%o @%ﬁgé@é@%%ﬂ@oﬁ gﬁ%gg % %(Ee\la%nga easqOg of
orh‘EBﬁhii:roblal frdgotient thereof to at least one isolated epithelial cell, and
determining whether the analog or fragment thereof has reduced

cytotoxicity to the cell compared to the wild type hBD3.

A method of designing a peptide analog of hBD3 or fragment thereof
comprising deleting any residue of cysteine, replacing any residue of
cysteine with any other amino acid or a derivative thereof or with a
protected cysteine residue or derivative thereof, administering to at least

one epithelial cell, and determining a reduced cytotoxicity.

The method according to claim 25, wherein the peptide is at least one
analog to hBD3.

The isolated peptide according to claim 1 or 2 for use as an antimicrobial

agent.

An isolated peptide, wherein the peptide is a linear analog of hBD3 or a
fragment thereof, provided that the analog is not SEQ ID NO:28 and the
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29.

30.

31.

32.

33.

34.

34. Use of the isolated peptide according to claim 1 or 2 in the

manufacture of an antimicrobial agent. MOSLI.P 52 35. Use of an

isolated peptide, wherein the peptide is a linear analog of hBD3 or a
fragment thereof, provided that the analog is not SEQ ID NO:28 and

the fragment is not any one of SEQ ID NOs:31 to 36, in the manufagtike| p
of a medicament for topical adminis&ation and/or for treating skin and/or
mucous membrane. Use of an isolated peptide, wherein the peptide is a
linear analog of hBD3 or a fragment thereof, provided that the analog is

not SEQ ID NO:28 and the fragment is not any one of SEQ ID Nos:31 to
36ragthentasufedtuae\of @mee yd c@cﬁﬁzdmpb@mﬁ‘amﬂo%oluﬁon um afs a
an isolated ide whereln h de |s alo

frag%n%:en?rﬂé;ﬁtapé ' f%p edat#aﬁfgg’z%a g IS notioég %8” and/or
fraguentssrayhbrgnets) of SEQ ID Nos:31 to 36, in the manufacture of a
contact lens solution. Use of an isolated peptide, wherein the peptide is a
linear analog of hBD3 or a fragment thereof, provided that the analog is

NGAIS Q| HieN @2 &idrd me’grﬂwtﬁswfﬁi@m arimeaSEQBIDgl\mfshBDB or a

3 f tj IGE
Srhe T AE AN SRR Ier eI INbRe and e
mﬁ’a@me]u’resomt (amylpnmloﬁ $E(D1Iﬁbllﬁﬂ;ﬁamkjtor $6dtﬁro:mgsmagrmwttyefdrop
at(jlg ég rlq %r@ﬂ& ﬁlone or in combination with another

antimi age and/or antibiotic. Use of an isolated peptide, wherein
the peptlde is a linear analog of hBD3 or a fragment thereof provided that

R R A T e
reﬂagm@ti’ndfgermm previcest dfalt thasarmb@usmts%@ dﬁbrf&@r@@wmnd the
W‘F%g!ﬂéﬂ?.&%g&iﬁ?‘%’ﬁés PERENISRINIG{q 08 pPAY'{J (%% 2. |b|o tlens

alon€, or in combination with another antimicrobial agen

54blugenf an isolated peptide, wherein the peptide is a linear analog of
hBD3 or a fragment thereof, provided that the analog is not SEQ ID NO:28
and the fragment is not any one of SEQ ID NOs:31 to 36, in the
mé’ﬂﬁ@fasulm@df pegdidpositierefor theateptiaeldast Gneaniaratiy infdddda, or a

fﬂéﬂ?t%%??e%‘? A Iadar AAMIRISSHIR LS ﬁB?@@Cf‘bIOE\CI:@g§ nd the

com natlon with 10another antimicrobial agént and/or an
of fspdeutatets pupitidoy v edih fﬁE@e@d‘é%éﬂm’éhﬁ@néﬂfgtﬁmBIiaodaVlce

fr%ﬂﬁﬂ%@ﬁ&‘?&’; PrVisls I@g\;ig‘éeﬁéi!ﬂgis not SEQ ID NO:28 and the

fragment'is not any one of SEQ ID to 36, in the manufacture of
15a composition for treating at least one multi-drug resistant organism,

g HoiBE MUY LI ARG R LRGeS AART ARG AR 8Y0YGcing

the growth of at least one microorganism.

The isolated peptide, wherein the peptide is a linear analog of hBD3 or a
fragment thereof, provided that the analog is not SEQ ID NO:28 and the
fragment is not any one of SEQ ID NOs:31 to 36, for treating at least one

microbial infection.

Use of the isolated peptide according to claim 1 or 2 in the manufacture of

an antimicrobial agent.
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35.

36.

37.

38.

39.

40.

52

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the analog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID NOs:31 to 36, in the manufacture of
a medicament for topical administration and/or for treating skin and/or

mucous membrane.

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the analog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID Nos:31 to 36, in the manufacture of

an eye drop composition and/or solution.

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the analog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID Nos:31 to 36, in the manufacture of

a contact lens solution.

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the analog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID Nos:31 to 36, in the manufacture of

a device coating and/or a medical device coating.

Use of an isolated peptide according to claim 1 or 2 in the manufacture of
a composition for inhibiting and/or reducing the growth of at least one
microorganism, alone, or in combination with another antimicrobial agent

and/or antibiotic.

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the analog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID NOs:31 to 36, in the manufacture of

a composition for inhibiting and/or reducing the growth in a host of at least
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42.

MCSLLP
53

one microorganism, wherein the composition is for administering to or
applying onto the host, alone, or in combination with another antimicrobial

agent and/or antibiotic.

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the anaiog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID NOs:31 to 36, in the manufacture of
a composition for treating at least one microbial infection, wherein the
composition is for administering to a subject, alone, or in combination with

another antimicrobial agent and/or antibiotic.

Use of an isolated peptide, wherein the peptide is a linear analog of hBD3
or a fragment thereof, provided that the analog is not SEQ ID NO:28 and
the fragment is not any one of SEQ ID NOs:31 to 36, in the manufacture of
a composition for treating at least one multi-drug resistant organism,

alone, or in combination with another antimicrobial agent and/or antibiotic.





