Antim crobial Peptides Field of the invention The
present invention relates to antim crobial peptide(s).
wo poopaed3pzul ar, the invention relates to anal oRGI/862007/000121
hBD3, their derivatives or fragnents thereof.
Background of the invention Defensins are small 3-5
kDa cationic endogenous pjoteins constrained by three
di sul fide bonds and are primarily known for their
antimcrobial activity (Raj P.A and A R Dentino,
2002) . Defensins have been shown to be key el enents in
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speci fic defensins often have defined spectra of
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spectrum antim crobial activity agai nst gram negative
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and the extent and
B-defensins (hBD1 to hBD4).

As a class of peptides, defensins have broad anti-microbial activity against
Gram-negative and Gram-positive bacteria, yeast, and some enveloped viruses
including HIV, although specific defensins often have defined spectra of activity
(Schroder J.M., 1999). hBD3 has a broad spectrum antimicrobial activity against
gram-negative and gram-positive bacteria, fungi, and adenovirus with hBD3
consistently being the most potent. Additionally, hBD3 has significant
bactericidal activity against multi-drug-resistant Staphylococcus aureus at
physiological salt concentrations (David et al, 2002), and has shown activity
against vancomycin-resistant Enterococcus faecium, Burkholderia cepacia and
the yeast Candida albicans (Harder et al, 2001; Garcia et al, 2001).

It is generally assumed that the antimicrobial activity of defensins is determined
by the existence of an amphiphilic molecular structure and the extent and

distribution of cationic and hydrophobic regions on the folded peptide surface



di stribution of cationic and hydrophobic regi ons on

the fol ded peptide surface(Yeaman and Yount, 2003;
wokng2aml Vogel , 1998). The presence and t he POBBGR007000121

of disulfide bridges and N-term nal sequence

vari ations/fragnents seemto have a margi nal influence

on the anti bacterial effect of b-defensins (Zucht et

al, 1998). Only little is"known about the influence of

structural factors of b-defensins on the interaction

wi th eukaryotic nmenbranes. Selectivity of effects of
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Gordon, Y. Jerold, et al (in Current Eye Research, 2005, 30, 505-15)
commented that, among disadvantages, systemic and local toxicity and high
manufacturing costs are two major disadvantages for development of
antimicrobial peptides as anti-infective drugs. Efforts to develop better defensins
have yielded some results suggesting that it is feasible to increase the killing
ability, but host cytotoxicity may also increase under these circumstances
Accordingly, cytotoxicity may be considered a major challenge for ophthalmic
development. Accordingly, there is a need in this field of technology of further
investigation and development of effective, improved and less cyiotoxic

products.



i nvestigation and devel opnent of effective, inproved
and | ess cytotoxic products. Summary of the invention
wab@7pe@sent i nvention seeks to address the prpGI/eGH07/000121
above. In particular, the invention provides an
i sol ated antim crobial peptide and uses thereof.
According to a first aspegt, the present invention
provi des an isolated antim crobial peptide, wherein
the peptide is a |linear anal og of hBD3 or a fragnent
thereof, provided that the analog is not SEQ I D NO 28
and the fragment is not any one of SEQ ID NGs:31 to
Summ@ey ofthe innentiont he cystei ne resi dues of hBD3 may be

replaced with any other am no acid or a derivative

The pfeEsie{nZ%VenQiron@é(elgetor 5@#%&5?%%‘”&%@@{\#{3 9b6¢d. O SarEE@aRethe

ue or derivative thereof, cysteine resi due
inventiBryproeidisl &4 Bolatdt antimidrebiatippptide dad usgsdoeneof.se t he
am no acid sequence of any one of SEQ ID NGs:2 to 12
[

or a fragnent thereo wher ei n .any .one of y
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fragmaot dnelienf;, provaded dbad the analog tinenelr S&AtI0 N@#S grd the
rovides an iso jm.crobial peptide, wherein
fragmgﬂgls ﬂryeoq%ogg\%@glggﬂﬁgh%af{ggg%f hBD3 or a fragment
t hereof and conprises the am no acid sequence of any

Any OHE oPfthe SEfStéiRe NGsidRies00fL BBDI3 endyr bgnespiiacatemdibf any other
wherei n any one of X1, X2,

X3, X4, d X6,i5S: .
aminayap HeTR pEneRDepRel of ey b et wlh & dbledied Hteine
resid%?n%ﬁg&i‘%é\%ivlggme\(@& Keis fﬁéeﬁﬁ_ﬁgir@(?iégaug hay] [a% odeléfed. The

not present e 1solated peptide

isolated peptidagnay camprisertbe tansihotanid sequence ohasy nerrindRQ 1D

conmprise the ami no acid sequence of e, 0fy4S 6
NOs: s 1 2r oGt HerEph JHRATE FY 0P Of P R K- & X
is: any&mi tdydesi g eySEimOraidut Seqiesinat
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any one of 13 to 18, or a fragnent
thereohexaepkt C[Ahe]; 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 amino acid sequence of any one of: SEQ
ID NOs:2 to 12 or a fragment thereof, wherein any one of X', X%, X%, X*, X® and

X% 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 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, or 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



protected cysteine residue may be any one of C(Acn),
C(But), C(t-Buthio), C(Bzl), 0(4-Me-Bzl) 1
W@ Bzl ), C(Mit) or C(Can). The i sol ated PCT/SG2007/000121

pepti demay al so conprises the ami no aci d sequence of
any one of: SEQ ID NGs: 39 to 45 or a fragnent
thereof. The isol ated pept,i de may have reduced
cytotoxicity to at |least one cell of any cell type
conpared to the wild type hBD3. The present invention
al so provides an isol ated pol ynucl eoti de, wherein the
pol ynucl eoti de encodes at |east one peptjde or

may 3lsa gapmriserdne emine @sidiseryansefanyse Pl FEQHR NOs: 39 to

r i on. The pol ynucl eoti de may be conpri sed
45 or%ﬁ%&r\ﬂég{fg\ﬁ ccordingly, the present invention also

provi des a vector conprising a polynucleotide
according to any aspect. Another aspect of the present

‘,inv ntion.is a host cell c risin nucl eot i de
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the 1 nvention. The present invention also provides a

phar maceuti cal conposition conpri sipr}g at | east one |
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particul ar, the pharmaceutical conpqsition is .
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R elell [ Lon. The pharnaceuti cal
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Accordingly, the present invention provides an
Anothert | aspecbbohl theonpreseni dnventigy i isi iy bestl et comprising a
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aspect of the present invention may be for topical

adm ni stration and may al so be suitable for treatnent .
The pressit invadiopralso provides a pharmaceutical composition comprising

at least one antimicrobial peptide or fragment thereof according to any aspect of
the present invention. The pharmaceutical composition may be formulated for
topical, 'oral or parental administration. In particular, the pharmaceutical
composition is formulated for administration by injection, inhalation and/or

topical application.

The pharmaceutical composition may be an antimicrobial composition.
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 composition may be in the form eye drop(s)

composition or solution.



mucous nenbrane(s). The conposition may be in the form
eye drop(s) conposition or solution. The present
WO pwentdden al so provides a contact | ens sol utiPeI/SG2007/000121
conprising at | east one pharmaceutical conposition
~according to any aspect of the present invention, at
| east one antim crobial cgnposition according to any
aspect of the invention or at |east one peptide and/or
fragnent thereof according to any aspect of the
I nvention. Another aspect of the present invention is
a contact |ens conprjsing at |east one polyner, and a}
The pregent igMantitpalsgerroxidessa §pniast Ieisasordtien cPEyrising at least
one gﬂgnﬁééédti%l SMitiH éc%?%ingnﬁo amty 'E%é&?'é‘# the  present
onposition, each as descri be erein. e present
invention gat least 6ne bhémigobial dempositvevacerdingtto ramy aspation the

: .he coating . conprises at |east one armaceuti cal

inventiii oAt | Get SHE IRSRIE OB BR 9T BR B SR AEBRI G o any

aspe@W{RE ilenti8RSt one peptide or fragment thereof, each
as described herein. The device coating nay be a

medi cal device coating. Al so provided by the present
Anothenaspechef the pregent ipeenting is@ opntactens easiprising ablgephene
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conprising at | east one antimcrobial, peptide, at .
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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.



invention, and/or at |east one antin crobial
conposition according to any aspect of the

w0 pooenzd3en. There is al so provided a nmet hod of PCT/SG2007/000121

i nhi biting and/or reducing the growmh in a host of at
| east one m croorganism the nmethod conprising

adm ni stering to or appl yéng onto the host at | east
one antim crobial peptide at |east one pharnmaceuti cal
conposition, and/or at |east one antim crobial

conposi tion, according to any aspect of the invention.
The present invention also provides a netho
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anr'sm conprising treating the nicroorganism
Wi t h at | east one antimcrobial peptide, at |east one
The mesentdneemtiaraalsompvigesiaom,etmm;ogtreatmg @hdpashg@e microbial
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The present invention also provides a drug screening
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designing a peptide anal og or fragment t her eof

inventionpri si ng del eting any resi due of cysteine,

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 aﬁy 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 cell, and determining a reduced cytotoxicity.



repl aci ng any residue of cysteine with any other am no
acid or a derivative thereof or with a protected
w@yBraerae2 r esi due or derivative thereof, adm nPGI/EG007000121
to a cell, and determ ning a reduced
cytotoxicity.Brief description of the figures Figure 1
shows new anal ogs of hunanp b-defensin 3 not previously
reported: W5, F6, Y6, S6, A6 and C(Acm) 6. Figures 2(A
B) show CD (circular dichroism spectra of wild type
hBD3 and hBD3 |inear analogs in water. The reference
to the conpound C6 in Figure 1B, is neant to indicate
TN tae NgU§SS. Fi gures 3 (A-G show CD (circul ar
d| chroi sm) spectra of wild type hBD3 and hBD3 | i near
Flgurénf"'sﬂ%/s ngﬂev-vr F%algéég Bf ‘ﬁ%nﬁ’ar( 'ﬂ @feﬁgﬁu\"ﬁ%t(;ﬁ’e(/%%@/r reported:

di chrois spectra of w | pe hBD3 and hBD3 | near
W6, EhalGR6,iAS so$Gihcel)be. F| gure 5 shows the viability

of human conjuctiva epithial cells on the

concentration of hBD3 anal ogs. Figure 6 shows the
Figuré@gﬁ\ma)aéhm CloRenssBE |lidHroishe) Spaaty of ikl fypet BBDB and

anal ogs ures 7(A-D) show the anti bacteri al
hBD&lineari anglegs tmwa%m)ﬁhgmgfe@ggce ko §ig eompounsy C6 in Figure 1B,

on C18 (150 mmx 3.9 mm 5
is me%m P%@P%tgm %%Qﬁétcg(%ﬂ?gﬁ /mn; gradient 18-38% of
eluant Bin 32 mn. Figure 8B. SIR chromatogram at niz
-Figures 13 8&- (9) (shb%S(BDS(E:)chiar ESthivisranspygsirs obfwiftlitypge BBDB36and
on C18 3.9$*m 5 mm 100 A), flowrate 0.2
hBD:}rﬂ?‘?ﬁ"rﬁ” GiNent=18- 38% of eluant B in 32 nin. Figure

8C. ESI-Ms analysis of purified Wb on €18 ( 150 mm x

Flgurésgil GP sRBW @@Ogﬁbulafﬂd]&hl’fo?érﬁ) Qpécith /g wild HRIhBI3 and
% of el uant m n Figure 8D. Deconvol uted

hBDm%ma{Q@ﬁ innfSBSImigBllenal ysis of purified Wo on C18
(150 mMmx 3.9 mMfMm 5 nm 100 A), flowrate 0.2 m/mn;

Figur%r%disqﬂ)twslssthés%ia%fility of human conjuctiva epithiahl cells on the

concenfration 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 mi/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 ml/min;
gradient 18-38% of eluant B in 32 min.



eluant B in 32 mn. Figure 9A. UV chromat ogram of
purified F6 on C18 (150 nmx 3.9 mm 5 nm 100 A),

wo b@wieade 0.2 m/mn; gradi ent 18-38% of el uaP€T/BG2007/000121
32 min. Figure 9B. SIR chromatogramat nfz = 1086
([ Mt5H] 5+) in ESI-Ms analysis of purified F6 on C18
(150 Mmx 3.9 mMm 5 mm 108 A), flowrate 0.2 m/ mn;
gradi ent 18-38% of eluant B in 32 mn. Figure 9C
ESI - M5 anal ysis of purified F6 on C18 (150 mmx 3.9
mm 5 nm 100 A) flowrate 0.2 m/mn; gradient

FiguiEBCH e HTkslF bl e on R4S 140 mi posehmens

100 A)l%vmaté 032 $hifFAin; BradientR038% off éle%f Bl 39- n%nm /mn;
gradi ent 18-38%of eluant B in mn. Figure 10A. W
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10 J nR; di ent 1 - 38%
FigufBRi Beeonvalbl B SoderfulipiSivE 3RrBRs abpuRIad We on
C18 1150 mrﬂl$<01§93m(‘r{ wahﬂ 96D 9)an5§| ra!@O@ﬁhMﬁthl%fdlé?ﬂﬁ'Sf 38% of

Y6 on C 18 ( 150 nm x 3.9 nm mm 100 A), flow rate

eluant B imB2®in; gradi ent 18-38% of el uant B in 32
mn. Figure 10C. ESI-Ms analysis of purified Y6 on Cl18
(150 mmx 3.9 nm 5 mm 100 A), flowrate 0.2 m/mn;

Figugy aAi ent cﬂl%fﬁ&%gﬂim I yaniied FEoRLCTS 11 5({J:'n9rHr>€3@Hm 5 um,

convol uted M5 spectrumin ESI-M anal ysis of
100 Phifiomy eate Y62 or/nuing gradientiiB-28% of efrantsB imB2 10i0. A)
flowrate 0.2 mM/mn; gradient 18-38%of eluant B in
32 mn. Figure 11A. W chromatogram of purified A6 on

Flgu@leB( BIR aghromalogrammat m/am 1088 N+5Fl]5t)Wan@>ﬁN@ 8naIyS|s of
adi ent 18- 38% of el uant Bin Fi gure

r
punﬁfﬁe% QFR%‘CW 6HR{ Bynaxn3a® Mz 5 nugp416 (ﬁ[)rvrﬂan reae)o 2 rml/min;
ed A6 on C18 (150 mm x 3.9
gradféﬁ 15%8;%%I%§j31)t(§ F‘D}é}%\wﬂéte 0.2 m/mn; gradient
18 38% of eluant B in 32 mn.

Figure 9C. 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 9D. Deconvoluted MS spectrum in ESI-MS analysis of purified F6 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 10A. UV chromatogram of purified Y6 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 10B. SIR chromatogram at m/z = 1105.3 ([M+5H]**) in ESI-MS analysis
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 11C. ESI-MsS analysis of purified A6 on C18 (150
mx 3.9 mMm 5 nmm 100 A), flowrate 0.2 m/mn;
w@e@dilzgn2 18- 38% of eluant B in 32 mn. Fi gur ePd/BG2007/000121
Deconvol uted Ms spectrumin ESI-M anal ysis of
purified A6 on C18 (150 mMmx 3.9 mm 5 nm 100 A),
flowrate 0.2 m/mn; gracg ent 18-38% of eluant B in
32 min. Figure 12A. WV chronmat ogram of purified S6 on
Cl8 (150 nmx 3.9 mm 5 nm 100 A), flow rate 0.2
m/rrin gradi ent 18-38% of eluant B in 32 m'n Fi gure
IRchrormto ram at MZ:8451S5 6+) in
F'QUFE§QQ\/EE§¥1M%/§P§|Y§E’ @‘uwmﬂe@idY@@mmal(s Olle 8. Q Bm9 5 um,

oo A o S SR AR B

anal ysis of purified S6 on C18 (150 nmx 3.9 nm 5 mm
100 A)1flowrate 0.2 m/mn; gradient 18-38% of el uant
F'QUFB 1QP 3@6}ﬁ0ﬁVOW@®MS SPEctruR g S|-MS @nrlysiset putiiied Y6 on

cre 54, £ K23 TP Mo SR e oo o

eluant & i38% wiin.el uant B in 32 m n. Figure 13A uv
chromat ogram of purified C6 on C18 (150 mMmx 3.9 mm 5
mm 100 A), flowrate 0.2 m/mn; gradient 18-38% of

Fiou A0 Bohibrifcin & UiaPon (B TSNS A supn.

100 AJ6flow r&¥s80. QI Pminn gradicht 183385, Beluk®R BAh, 34 hﬁwv rate
0.2 m/mn; gradlent 18-38% of eluant B in 32 mn.

Figure 13C. ESI-Ms analysis of purified C6 on C18 (150

Poa Y15 88 oy i B0~ LB B S g o

punﬁéﬁéaﬁc&mnl Ot18q 156 mpect 81O im, ESimMI0anA), vEde rate 0.2 mi/min:
edCGonClS%lSOrrmxSan 5 nm 100 A,

gradlgmfow -Paveoielpani Bin 82 nginadi ent 18- 38% of eluant B in
32 min. Figure 14 Conparison of overall nol ecul ar
hydr ophobi city of C- Term nus
Figure 11C. ESI-MS analysis of purified A6 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 11D. Deconvoluted MS spectrum in ESI-MS analysis of purified A6 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 12A. UV chromatogram of purified S6 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 12B. SIR chromatogram at m/z = 845.1 ([M+6H]°*) in ESI-MS analysis of
purified S6 on C18 (150 mm x 3.9 mm, 5 ym, 100 A), flow rate 0.2 ml/min;
gradient 18-38% of eluant B in 32 min.



fragnent peptides of hBD3 in terns of retention tine

of SIR chromat ogram of charged fragnents of peptides
wor@anz395 Cytotoxicity of C Term nus pepti desPUBSG2007/000121

concentrationLi st of Sequences Sequences disclosed in

the prior art Wld type hBD3: SEQ ID NGO 1

G | NTLQKYYCRVRGGRCAVL SCLPKIREQN GKCSTRGRKCCRRKK (Wi et

al ., 2003) C(Acm1-5 SEQ ID NO 26

G | NTLQKYYC( ACm) RVRGGRCAVL SCLPKEEQ GKCSTRGRKC( ACm) CRRK

K (Wi et al., 2003) C(Acm)1-6 SEQ ID NO 27

Figurg %%Lg{é% %{ﬁﬁ Yé%%ﬁPéEE g%TRn%§Cg(9Ar%;r?lb Ré? Em
100 R RSN @’F&%%@Wﬁ%ﬁ?@?g HEGhgsmin !

hBD3del ta8 SEQ I D NO 29

FIQU%Y@V%&otT@%P@E@%@t CSTRGE@?-Cl\Wg gﬁab}/_‘sﬁg Vo? rpuerltfle?j1 ! S6 on
c18 goos@(ﬁgg%ql i %@T@é‘? Shieaa e §'{Qg§‘%”é?'8 yo 7 of

eluantlB jn 3D08h. SEQ | D NO 32 KSSTRGRKSSRRKK (Hoover et
al ., 2003) SEQ ID NO 33 RGRKSSRRKK (Hoover et al.,
2003) SEQ I D NO 34 RGRKSSRRK

Figure 13A. UV chromatogram of purified C6 on C18 (150 mm x 3.9 mm, 5 pum,
100 A), flow rate 0.2 ml/min; gradient 18-38% of eluant B in 32 min.

Figure 13B. SIR chromatogram at m/z = 799.3 ([M+7H]"*) in ESI-MS analysis of
purified C6 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 13C. ESI-MS analysis of purified C6 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 13D. Deconvoluted MS spectrum in ESI-MS analysis of purified C6 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 14 Comparison of overall molecular hydrophobicity of C-Terminus
fragment peptides of hBD3 in terms of retention time of SIR chromatogram of

charged fragments of peptides

Figure 15 Cytotoxicity of C-Terminus peptides vs concentration



(Hoover et al., 2003) SEQ ID NO 35
KYYSRVRGGRSAVLSSLPK (Hoover et al., 2003) SEQ I D NO
WS 200a1 24391 QKYYSRVRGGRSequences accordi ng t o t heCpsexentoo121
invention SEQ ID NO 2: G I NTLKYYX 1RVRGGERX 2AVLSX
3LPKEEQ KX 4STRGRKX 5X6RRKK Any one of X1, X2, X3,
X4, X5 and X6 is: any amno acid except cysteine; a
protected cysteine residue or derivative thereof
except C[ Abu]; or the amno acid is not present. The.
same nmeaning of Xn applies to the foll ow ngs
_ sequences. SEQ I D NO 3 KYYX 1RVRGGERX 2AVLSX
List o3P eauan@eskX 4STRGRKX 5X6RRKK SEQ I D NO. 4 YX1RVRGGRX
2AVLSX 3LPKEEQ GKX 4STRGRKX 5X6RRKK SEQ ID NO. 5
ROGRY. 2AYL SX 3LPKEEQ GKX 4STRGRKX 5X6RRKK
A R " PKEEQI KX 4STRGRKX 5X6RRKK SEQ

s’

W, A \Z AV

Wild tvB: NEDF SERE@ FES: 4STRGRKX 5X6RRKK SEQ I D N0 8

GIIN ' GEFRI_SERPKENIIGIRC BFRORKERRIMKREQ | D

(Wu et al., 2003) C(Acm)1-5 SEQ ID NO: 26
GIINTLQKYYC(Acm)RVRGGRCAVLSCLPKEEQIGKCSTRGRKC(Acm)CRRKK

(Wu et al., 2003) C(Acm)1-6 SEQ ID NO: 27
GIINTLQKYYC(Acm)RVRGGRCAVLSCLPKEEQIGKCSTRGRKCC(Acm)RRKK

(Wu et al., 2003) [Abu]-BD3 SEQ ID NO: 28
GIINTLQKYYC[Abu]RVRGGRC[Abu]AVLSC[Abu]LPKEEQIGKC[AbU]STRGRK
C[Abu]C[Abu]RRKK

(Hoover et al., 2003) hBD3delta8 SEQ ID NO: 29
KYYCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKK

(Hoover et al., 2003) hBD3delta10 SEQ ID NO: 30
YCRVRGGRCAVLSCLPKEEQIGKCSTRGRKCCRRKK

(Hoover et al., 2003) SEQ ID NO: 31
KEEQIGKSSTRGRKSSRRKK

(Hoover et al., 2003) SEQ ID NO: 32
KSSTRGRKSSRRKK

(Hoover et al., 2003) SEQ ID NO: 33
RGRKSSRRKK

(Hoover et al., 2003) SEQ ID NO: 34
RGRKSSRRK

(Hoover et al., 2003) SEQ ID NO: 35
KYYSRVRGGRSAVLSSLPK

(Hoover et al., 2003) SEQ ID NO: 36
GIINTLQKYYSRVRGGR



RGRKX5X6RRK SEQ | D NO 11 KYYX1IRVRGGRX 2AVLSX 3LPK SEQ
ID NO 12 G| NTLEKYYX 1RVRGER W6: SEQ | D NO 13
W@RGRT2a3 YWRVRGGRWAVL SW.PKEEQ GKWETRGRKWARRKKIFGT/S GEQ7/000121

ID NO 14

Gl I\ITLQ(YYFR\/RGGRFAVLSFLPKEEQ GKFSTRGRKFFRRKK Y6: SEQ

ID NO 15

G | NTLOKYYYRVRGGRYAVLSYL PKEEQ GKYSTRCGRKYYRRKK S6:  SEQ

ID NO 16

Gl I\I'I'LQ(YYSR\/RGGRSAVLSSL PKEEQ GKSSTRGRKSSRRKK A6:  SEQ

Sz e ASTRGRKAARRKK C( Acnj 6:
ID NO. 18 GI | I\ITLQ(YY C( Acim) 6RVRGGR C(Acn) BAVLS

L PKEE TRGRK Acrm) 6 B6RRKK
GIIIC\JJ%f e z@vq S r% GRK KK

C( But ) 6AVLS C(But) 6LPKEEQ GK C( But ) GSTRGRK
C( But ) 6C( But ) 6RRKK C(t - But hi 0)6: SEQ I D NO. 20

Any GnieNgiL iKY X2 CkE - Rat P @Waﬁ*talﬁm& ia@ld0 AXbeptCeysteine; a
But h| 0) 6L.PKEEQ GK t - But hi Kz
protegted mybieing 6@%@%&%%‘)"@@& herenf prcepteefAtmiNer the Tamino

acid Fs! %P%&eﬁ( BEhe 653’5%%& )%%Sa%ﬁ& )t%L Pﬂfg%l%mgs

sequences.

SEQ ID NO: 3
KYYX'RVRGGRX?AVLSXLPKEEQIGKX*STRGRKX®X?RRKK

SEQ ID NO: 4
YX'RVRGGRX?AVLSX’L PKEEQIGKX*STRGRKX*X°RRKK

SEQID NO: 5
LQKYYX'RVRGGRX?AVLSX*L PKEEQIGKX*STRGRKX®X°RRKK

SEQ ID NO: 6
RX?AVLSX3LPKEEQIGKX*STRGRKX*X°RRKK

SEQID NO: 7
KEEQIGKX*STRGRKX®X?RRKK

SEQ ID NO: 8
KX*STRGRKX®X®RRKK

SEQ ID NO: 9
RGRKX?X®RRKK

SEQ ID NO: 10
RGRKX*XPRRK

SEQ ID NO: 11
KYYX'RVRGGRX?AVLSXCLPK

SEQ ID NO: 12
GIINTLQKYYX'RVRGGR

W6: SEQ ID NO: 13
GIINTLQKYYWRVRGGRWAVLSWLPKEEQIGKWSTRGRKWWRRKK



C(Bzl ) 6STRGRK C( Bzl ) 6C( Bzl ) 6RRKK C(4- MyBzl )6: SEQ I D
NO 22 G | NTLQKYY C(4- MeBzl ) 6RVRGGR C(4- MeBzl ) 6AVLS
w@teh7/1238z| ) 6LPKEEQ CGK C(4- MeBzl ) 6STRGRK PCT/SG2007/000121
C(4- MeBzl ) 6C( 4- MeBzl ) 6RRKK C(4- MeO- Bzl )6: SEQ I D NO
23 G | NTLQKXYY C(4- MeO Bzl ) 6RVRGGR 0(4- MeO- Bzl ) 6AVLS
0(4- MeOBzl ) 6LPKEEQ GK C(As MeO Bzl ) 6STRGRK
0(4- MeO- Bzl ) 6C(4- MeOBzl ) BRRKK C(Mht)6: SEQ ID NO 24
G | NTLQKYY C(Mrt) 6RVRGGR C( Mt ) 6AVLS C( Mt ) 6LPKEEQ GK
C( Mt ) 6STRGRK C( Mt ) 6C( Mt ) 6RRKK C(Cam) 6: SEQ | D NO
| 253 | NTLOKYY C(Can) 6RVRGGR C( Cam) 6AVLS
F6: SEQAENE: FREEQ GK C( Cam) 6STRGRK o Ca Cﬂ___ 6RRKK WI
GllNT@Q}éY\fFRNBG@B@A\@S@ K ERERKESTR® Hﬂf %%)@ﬂ D NO 38
RGRKWARRKK F2: SEQ I D NO 39 RGRKFFRRKK Y2: SEQ I D NO
Y6: SEQ RERIOYBRKK L2: SEQ ID NO 4 1 RGRKLLRRKK 12: SEQ ID
GIINTNQK¥2YRGRG CRYAVLSYLPKEEQIGKYSTRGRKYYRRKK

S6: SEQ ID NO: 16
GIINTLQKYYSRVRGGRSAVLSSLPKEEQIGKSSTRGRKSSRRKK

A6: SEQ ID NO: 17
GIINTLQKYYARVRGGRAAVLSALPKEEQIGKASTRGRKAARRKK

C(Acm)6: SEQ ID NO: 18
GIINTLQKYY C(Acm)6RVRGGR C(Acm)BAVLS C(Acm)6LPKEEQIGK
C(Acm)BSTRGRK C(Acm)6C(Acm)6RRKK

C(But)6: SEQ ID NO: 19
GIINTLQKYY C(But)6RVRGGR C(But)6AVLS C(But)6LPKEEQIGK
C(But)6STRGRK C(But)6C(But)6RRKK

C(t-Buthio)6: SEQ 1D NO: 20
GIINTLQKYY C(t-Buthio)6RVRGGR C(t-Buthio)6AVLS C(t-
Buthio)6LPKEEQIGK C(t-Buthio)6STRGRK C(t-Buthio)6C(t-Buthio)6RRKK

C(Bz1)6: SEQ ID NO: 21
GIINTLQKYY C(Bzl)6RVRGGR C(Bzl)6AVLS C(Bzl)6LPKEEQIGK
C(Bzl)6STRGRK C(Bzl)6C(Bzl)6RRKK

C(4-MeBzI)6: SEQ ID NO: 22
GIINTLQKYY C(4-MeBzI)6RVRGGR C(4-MeBzl)6AVLS C(4-
MeBzI)6LPKEEQIGK C(4-MeBzl)6STRGRK C(4-MeBzl)6C(4-MeBzl)6RRKK

C(4-MeO-BzI)6: SEQ ID NO: 23

GIINTLQKYY C(4-MeO-Bzl)6RVRGGR C(4-MeO-Bzl)BAVLS C(4-MeO-
Bzl)6LPKEEQIGK C(4-MeO-Bzl)6STRGRK C(4-MeO-Bzl)6C(4-MeO-
BzI)6RRKK

C(Mmt)6: SEQ ID NO: 24
GIINTLQKYY C(Mmt)6RVRGGR C(Mmt)6AVLS C(Mmt)6LPKEEQIGK
C(Mmt)6STRGRK C(Mmt)6C(Mmt)6RRKK

C(Cam)6: SEQ ID NO: 25



V2: SEQ ID NO 43 RGRKWRRKK H2: SEQ ID NO 44
RGRKHHRRKK C2 or C(Acm)2: SEQ ID NO 45

WORSBRKCEAO) C( ACIRRKK Det ai | ed description of PEESG2007/000121
i nvention Bibliographic references nentioned in the
present specification are for convenience listed in
the formof a list of refp ences and added at the end
of the exanples. The whol e content of such
bi bl i ographi c references is herein incorporated by
reference. In the present invention, a series of

| i near anal ogs of hBD3 wer esi , hesi sed,
GINTA KT K AT IEMRCEIR (HEaBVBALLS AR RRJER
C(Came® §RGRK G{Com)PeACaeneRRAK t he ratio of the
positively charged surface regions to hydrophobic ones
WT Ceilerml'rrwsalﬁﬁ(hd@ﬂ‘gai A activity, cytotoxicity and
RGRIkeBKKe activity were investigated. It was found
that the |inear backbone structure of hBD3anal ogs with
W2: Sf@ql : 38veral | hydrophobicity in presence of any
RGRIgYY| bridge is a key structural determ nant to
F2: S c _:@/totoxi city to mammalian cells, particularly
RGR L@%‘a cells. This provided defensin derivative
ics wth increased bactericidal activity and
Y2- S‘@d 'ibrr\@“&(?d manmal i an cell cytotoxicity. The present
RGRK kRN therefore relates to an isolated
antimcrobial peptide. According to a first aspect,

L2: SEe|pN\ese invention provides an isolated
RGRRDLRMKK obi al peptide, wherein the peptide is a |inear
anal og of hBD3 or a fragment thereof, provided that
|2: SEQdDaN@:ag is not SEQ I D NO 28 and the fragnent is not
RGREHRRKIEC of SEQ ID NGs: 31 to 36. "Peptide" as used

herein refers to and enconpasses any am no acid

V2: SkfD doIN@; 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



a peptide or polypeptide. The "peptide" can be

obt ai ned as a gene product, a purified and/or isol ated
wEe@dnzd392 an expressi on product, from fragnentBCT/66G2007/000121

protein(s) or a synthetic peptide. An "isol ated

pepti de" enconpasses naturally occurring, a gene

expr essi on product and a1§ynthetic pepti de. Peptide

Production - peptide of the invention-may be produced

by any nethod known in the art. One nethod of

produci ng the disclosed peptides is to link two or

more ami no acid residues together by praotein chem %t,ry
“analogsewithidifferent p&eraélﬂwq@so@botp@g\t injeresgnee G @y disylde bridge

: synt,hesj zed ] Lre ' = :

is a l@é’uf’tﬁ Hfa“?u%#%rﬂgxlaﬁﬁ é{) @%%a?é’ At ABiGit) 38Ahahhlian cells,

particxﬁltgrlwt%m?ﬂ]dl ﬂi@ﬂil)k/)ﬂ'hvsylpa)"\mr?w!d)ef@isirBZderliyati\ée Br?m‘[ibiotics with

t
increasﬁg rbacﬁ'@%@lg;y %g{i "gln o@éﬁi)wﬁly ferrenglslﬁé%.tl%agpn&é{%nb g?el?%?%t&%ﬁy.
; n,

e o B DT Bl LRt i s e paer,

be synthesized and subsequently cleaved fromthe

Accordiegi ip  Bhdirgtbyaspepbsihey presentr inggntiprouprovigesclgni ésolated
. f ti Ly bl ocked t he, other i
antimictikich BAPOS, WEREE T che. PERIKE ' b RS MR &f ES' 6F 2

fragm%ﬁté Fhéboky P}&}i@é’dj tHhE tife RERHIbE s basd SEQ tIDeiINOLar bnaythe
ana am no

ermni, respective é (Gant G A (1992)
fragmsphistatianyrs e6eEQ I ﬁ@@rﬁ’dﬂ €. WH Freeman and

N. Y. (1992); Bodansky M and Trost B., Ed. (1993)

Co.,
e 16, B A, e sipastSE sbgcmfrdsiniaoe
" a pepiidBtdrepolypeptide. Vitwo ‘pdiicle” icaol k¢ ethtained ssi agepenpreduct, a

purifiehBnEF 159 B RIIGHCtp RN BE SR EHOH o oL TP BAGA o ©f
rtch 6 P RoA s 06l dodpdptcmopsonpipse paturaly
occursingj 1 cgeie abxprespiont insededt End @ asyndaetice peptide; Beptide
Proa B -S8EPEIS LS PSR o REAAPRL RSB i
the afTOM Rfeliftsd Gfi?r&ﬁuﬁé)ﬁ’té Higcr@etiqieptidesris anlink t@oi atsmore
In a protein structure w thout appreciable |oss of
aminpeasid desidues vippgthesi e erotein ghemistry techniques. For example,
peptides are chemically synthesized using currently available [aboratory
equipment using either Fmoc (9-fluorenylmethylo'xycarb'onyl) or Boc (tert-
butyloxycarbonoyl) chemisiry (Applied Biosystems, Inc., Foster City, Calif.). A
peptide can be synthesized and not cleaved from its synthesis resin, whereas
the other fragment of a peptide or protein can be synthesized and subsequently
cleaved from the resin, thereby exposing a terminal group, which is functionally
biocked 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



interactive capacity and nature of a peptide that
defines that peptide's biological functional activity,

W@ eorare39ani no aci d sequence substitutions canP@ESEBEZ000121

in a sequence and neverthel ess obtain a peptide with
i ke properties. It is thus contenplated by the

i nventors that various cqgnges may be made in the
sequence of the isolated antimcrobial peptide,

wi t hout appreciable | oss of biological activity and
per haps may enhance desired activities. The am no acid
abbrevi ati ons used herein are conventional one |etter

indeperuim% Heptides enayrbedlinkeiddie tonm amepddpraisisagmeast thereof via
Jne; B, asparagi ne or aspartic
S'm'laﬁe?‘&“dlvs %r}%e&?g%ﬁ %%étl A&’ D or Asp, aspartic acid; E

or Qu, glutamc acid; F or Phe, phenylal ani ne; G or

It is c@htémp}lahe@l thet sl}ﬂeelﬂchdlfiaaBd)msjlmwj bk madémﬂhln the peptlde
i sol euci ne; K or l eu

that maiptaintberpeniides: aq{f/nyprol%% prgg 'Pﬁsﬁ hlge clglr&e I:ﬁ,e(guence "but
also %‘h?érk ré%meQaHH ghﬁl’ q_ﬁélkgtﬁﬁ"ﬁﬁperﬁl & Y Be tﬂi&'lﬂiéq\ﬁ/ell &nBvn
eo w

er, serine, nine; V or Val, valine;
in theaart fﬁabpettampmmMmamdv noay g rspbsyhuw f\:ur,otlz,er gnm(aﬁfilﬁié ina
or glutam ¢ acjd. For. a Si_ g tide
proteiBostbiud HPLh SBRTPHAGF oboa: Ol PERETS ARV, B s the
interasthRs Eapatlity i ABNOro &f assdbtitei tﬁét oefhdsaihet peptids's iviegical
properties of the nolecule. Such variants typically

functlomait%atwlty heertait leamige adid sraUansa sUbstitdtions cam @@h@ﬁdﬁtm a

ne or ,nore n_t €k I
sequii, A Rher i, Bolal) s SRIBEr MlT e ProFuERE, Ris thus
conteffilatadi By ahee piviefiorst thatt waribusn chaniges tmay rﬂmarmade hia the

interactive bindi n capacity of the Etructures

sequence of ithe isplated antraickeialc Peptide o Witheut @Pg{e‘aa'a'reopoéﬁs of
, hat £ f nal
b'OlOQQ@iavcﬁts {t/y Qﬁ(glp t% gﬁ’éndg aﬁa&o&g%ngbg%lggtégtdﬁp ?Igﬁg can be nade
in a protein sequence, and its underly ? DNA codi ng
d

The arminoeauie ahbrm/hatmtsemﬁedihelyelm aseac@n\eerﬁ@pa Be Jetiar codes for

erior racterlst| cor.di ngl rt I
the 2l apBraneh B P RLERESY Ao R b cdelis: B fgBeracine
or asBMﬁfceéd’@ CRT O (y@felﬁﬁfﬁ df%(sd)%\sbaﬁi@é@d B 6rhGRnglutamic
anino acld (as |isted above) or a derivative
acid; che)reRhQ, phenyialapise; 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



replaced with a protected cysteine residue or
derivative thereof, or the cysteine residue may be
waledoetizd92 As am no acid derivative and/ or protRCIL/BGI07/000121

group, any derivative listed in Table G2 of the

User's Manual for Patentin 3.1 may be used. However,

the type of am no acid deg4vative and/ or protection

group is not limted to such Iist. Exanples of

protected cysteine residues suitable for the present

i nvention include, but are not |limted to, C(Acm,

C(But), C(t-Buthio), C(Bzl) C(4.-I\/E-lee), : :
functional stz cprtain ARtiNo ARid cubsHtions GendPagngde dRya protein

: Lo ‘ t o L aci :

soquiite, IIILURIGRIAG A Cidifig SEUENE, TRicH BoleTiany Rigdte -
peptiddavitimsnpedoi dhaspienstiesofAcoydingly, & paBieQlarDaspect2ot dhe

preseh npnt xS e teiiE 55D 3L B My e rofacec
with é‘nfbﬂ*e‘?%fn%ﬂocé/cﬁ& §h89isterf hBYGe06r Heidriatilv ShérRr 8f may be
except (C Abu]; or th The

: _e am _no acid I S _not pr esent. i
replace Withe pppdpcted cyistaine aapidue ortdasivative therepltl awdhaaysteine

.,of any, on f .S | D NGs:. .1 25, f 1
residi, &S Heletady AEATRP, S0 SrvBHaE aptlorhrlE¥E Mere.any
derivafi® Asfeloinathlieseqpesicteolsany Marualf fobERxteRtiNG.1 ddy be
to 18, or a fragment thereof. Specific exanples of

usedhHpwevendhe tnmpbaming asidideryatiye tans/gr rroietion gronp; is Mot
Al in Figure 1. The present invention also
I'm'tegrtgvslﬁggi@%n i sol ated antim crobi al peptide, wherein

the peptide is a |linear anal og of hBD3 or a fragnent
Examies edff prodected ocysteines rediduesrisudablel fbrs dwieresendf irvention

ot e SRR Sint il i S| Sy oo
CUEDERC COIGSBEOCIATF, secrsiaf! ghssients prooc

cysteime rasidiiedmiay beowsqst insibetpresert ingentinned pepti de may
conprise the am no acid sequence of any one of SEQ ID

oo U AR RN b sy
SEQUD NOs:2 esitduesaviradment 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 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



different polarity, e.g., F, W Y, C(Acm, Aand S, to
form correspondi ng |inear anal ogs of hBD3 [coded as

WO-07M$639%6, C(Acm) 6, A6 and S6] with differeneChyeroab/hooi21

hydr ophobi city Accordingly, the present invention
provi des at |east one isolated |inear peptide
conprising the am no aciq sequence of any one of SEQ
ID NOs: 13 to 18, or a frggrrent t her eof . However,
~fragnments and peptide conprising the amno acid
sequence of SEQ I D NOs: 26-36 are excluded fromthe
scope of protection of the present invention. It is i
acid isunbheprepenivi Teel ishiated heeptisls) anayl gupplisR thecsMminpgacid

t t t j '
sequege 3 Be9 ey L NG, T30 A5ar Cbyil 178 fofefiticRbect
the siepRaiIrdstitdieinhBD3twae idfimlyeesiacedbytsix aesidbes with
aspect of the present invention, an jsolated

differepbIpplariy e gi.de Vs YHrioAeat A aRErSi 19 cRITSRReCng ingar
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onlog] B ok, MELIBCCORER 20 49) o1 apiron

nucl eot i de,
overalkhiytrsshobivigi Accordinglys the mrBbént iDMantioTRINFOVideRRAlegst one
nom c or synthetic origin whic

Q. h be singl e-
isolatetg;guw@r- eeliskcempising tbe A RRGERr HRRINPIERRT Ay e ¢TEEQ
'ID N(?r%SHggtoS%%?’aaflr KROWErast.t Beweess efradhaens and péptide

the non-coding strand, also referred to as the
compasinghe senisbranid sefoencriof SEQ He NDe026-361 argeaxahidadfrem

aci d nol ecul es. ,l sol at ed. pol ynucl eotide refers to a

the sGoRE ca‘infoﬁe&#"anﬁm%efeae"&ﬁ&e& 'OBNA, whi ch has been
rerrpv_ed fr_om its n_at ural environnent. _The _

It is fARhEMbEGABER thaepiel Bomted peptidpr &sending toeaty aspest obéhe

expressed by a prokaryotic, or eukarzotl C eéprﬁssn on
presemémvgn_tlorm‘@st@feﬁU@gpqa)gg’gqx&ﬁty\;gcqtd@ st.one.call ppaay cell type

vect or & aj ni nucl ei ¢ acid sequence codi ng for
compgfecf g)a@t%qg'llﬂﬁgpq%ﬁg'ene product capabl e of being
transcribed. In sonme cases, RNA nolecules are then

Accoridirgd aheither aspect gfrtbe giresenidhygrdion, as, isaatgskpelyaucieptide
el S SSRGS 2o 5 S ghBEARS Bl LBborcing

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



nol ecul es or ribozynmes. Expression vectors can contain
a variety of "control sequences,” which refer to
woemrazaInci d sequences necessary for the tranBCT/BELI0TM0121
and possibly translation of an operably |inked codi ng
sequence in a particular host organism Additionally,
the present invention alq provi des a vector
conprising the polynucl eotide or the nucleic acid
encodi ng any one or nore of the peptides described
herein. In certain enbodi nents, the invention provides
a vector conprising a nucleic acid encoding at | east
sequepres ore: Inet ﬁéansl@t@g, dor eramples Ehithe nRrOFUCERN ofpantisense

molec\égegstngé r@ggy%%’saggpg sidhF VE8lors TR BSHLfh ﬁexfér%rty dt "control

enoviral vector, a phage vector, a

sequen@kEOViwlath v esfieer to anucldienacit ssequeresy imemlessdiV)for the
vect or,

[ or any other vector capa cof including a .
transmwapew@dam%ﬁ@ﬁé@@ﬁ@oa PEBQ agefyﬁt'%@dﬁ?\‘i‘&% lence In a
pamcwfélrﬁgsw A, known to a skilled person. The vector

can be amn expression vector that is intended and

capabl e of integrating into a cell genone. Useful
Additierallyr thearprestei rinventionr alsa grovides das¥eetoedcqrpprising the

Sanbr. ook d Russel ., .(2001),. Mol i : .
oGRS AR € OOLB AL A TI 1 oot
descrieRS herdiB: IRNEeritAiMesinbotinaéne, AheVingestien hastides! & vector

h : . :
comprinios Uy el aneatis Gt leRbareoR! e paPiam Gl esbfesent
. ' | . v OLi | .

invenfig . ip YeHIRATbb B, i3l vetion PRSRIY Yebloro& cosmil Ve,

an adeaRRftal e6ttor Sa phagbevartad ot wivirat kecipol gmadeactassocsted
the invention into the host cel known t

_ | . hods,. _one.,
viral (ARM) SHEERPT. (67 BRE eT MBI sGARAI ST BGILEIS FeruGRsy Boid
encocﬂmbyepﬁggﬁﬂj@% i RvhiiGE! WAicA o R TRITRASHE do W 4ilie pBison.
i nvent 1 on. e followmng are non-limting exanpl es of
The secir nedrhdets :amakpresBion tveatesf thati isnjntended and capable of

. i pof ectin-medi ated transf.er, transf t| .
'nteg'iﬁt'ggp-"?tﬂj 8c CPONIYIOMBic Ietgﬁeé&aé’ Pa{olrﬁt%ﬁ%nﬁgirfgo%’trudlon are
disclFRILC it BMeDRRAESD FRESHPi (2019 Mbleaidr eCloniy: &t lhatstratory
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).



Host cells can be obtained fromcomercial sources
such as the Anmerican Type Culture Collection

W@ 2000T)63bDst cells can be grown in |iquid nedi BCTSGL007/600121

or on tissue culture plates. The growth conditions

wi Il be dependent upon the specific host cells used
and such conditions woul d,be known to one with skil

in the art. Transfection™and growmh of host cells is
descri bed in Sanbrook and Russel, id. The invention
provi des for a reconbi nant cell expressing a nucl ei c
aci d encoding the pol ypeptide of the_ claine

Host celly eanibengrome in hqleldtm@ﬂiaaCFld’@'r%pé\ﬂnd%“ss%?u‘ﬁire plates. The

growthr ﬁ@rg ',g%wﬂg% rd&p%bggﬁf: ﬁ(%aryo ;5’8 i ‘g?t%*c gﬂsou?é(f@nd such
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HeLa, NI H3T3, Jurkat, 293,

of hostgels fiw sesebed; in Samkrepk and %@ﬁg"o ;FbS@“%HH’%‘& aarﬁfgwges
for a r?ﬁzmgxf%'n ggfl %f(éﬂ%SWé “u@%lé‘&&%ﬁc%dﬁfbeth‘éf pcﬁﬁfbéﬂ)tlderbf the

viral vector be used
claimezbinveniidri. OTheNIrMenGDtl redso providess fpota rcecommm@rkta@q}lonrpducmg

host cell articularly one that is permssive for
the polypsintidgQf éfr‘é) e@i‘BF‘esm on of the vector. Some vectors

may enpl oy control sequences that allowit to be

Exam%l%@' 6f°&§l€a¢yéﬁt¢h@§t @éllib" W&@Ehdd’ﬂiohoéﬂid/bf @b’(pl‘asstdmo’aad/ector
ukaryotic’ cells. ill in_the art

includeuiebar Ndﬂ&'é&sﬂaﬂ@t,t B%ﬁc@ﬁﬁi GHas S@ﬁéeﬁ”ﬂhmg:ﬂzt Many host
ceIIs1! ncﬁ\(bagfoﬁ t%@&ﬁ%%%gag&\é%‘%?g %F B@g Iélﬂét Wbsid Be known

FEp PCati on of a vector.
to ond\bB &killifl s hr 08 inaiNgHyk BOWal &eetor ecdynbewseddndonjunction with

either\ggg%;rggtri]égf’ {I;Zcﬁha\?géjtlicghg%}l , lg% i pfcét?ﬁé)er}ﬁg&]agvsg;t)%rg#lagwe for
replicgﬁ&?gtegxﬁ%sg%ﬁt&frtﬁ%%gtokﬂe' r cognate pol ypepti des,

or pepti ot her aspect of the present
invention is a pharnaceutical conposition conprising

Sometvetizas tmayesraployncenioni séquensesdaraliovadnihitbe replicgted
e B i Pl B ot BLRBh B EIb. BRet i o o
wouldaf;crﬁ;gl'g{ ﬁgﬁeﬁkﬂéhmﬁé ebhdtiomeahdslevhichao dhaubate allof 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 antimicrobial 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



present invention, or a fragnent thereof, and at | east

one non-peptide antimcrobial agent. The conposition
worea7fizasvher conprise a pharmaceutically or PCT/SG2007/000121

phar macol ogi cal |y acceptable carrier. The phrases

"pharmaceutical ly or pharnmacol ogi cal | yaccept abl e"

refer to nolecular entitigs and conpositions that do

not produce an adverse, allergic or other untoward

reacti on when adm nistered to an aninmal, or a human,

as appropriate. The conpositions of the present

i nvention nmay be an agqueous conposition, .C risig% an
accepéqble"c:taferemam@lﬁﬂuHfferttﬁ@Saﬁm ¢ArBPeYHaNs B@étq%gg?t prodtice an
édver%%,i%%{r%igdor%rthgﬂ SREWES réé‘%tﬁ)nr\nﬁé%ﬁﬁ%iﬁsf&lahﬁg an animal, or

e Carrier or aqueous nedium used hereln,
a humdmaisn@seoplistel Mheacumpositivres obthel presenhirivedtien angy hadn
all solvents, di sBer_si on nedi

[ , _coatings - ,
aqueaiis ICREUOBHIOR GABPERINST BRgaTCen PO ph e apimiorobial
peptiogegicﬂgf,’él{/@cﬁ‘ c?reg%?'e%bcﬁgﬁné SreRshakBatiddllyeacddistabiee cBfrier or

nedra an gents for pharmaceuti Cal active
aquecushsediures is well known in the art. Except insofar as
any conventional nmedia or agent is inconpatible with

t he act.ive jngredient,. i LN ot '
As uselfsern obarusEu ity Sbaliiit iy PRIGRR g and ai
solvehf3dr §dpERich CraddRl, SBodiings)cantiisaiciéal iamdo dnflifungal agents,
conposi tions. Were the antimcrobial peptide is to be.
isotorpe @nddebsarption slabpdeg agenés AR dPe lbe- e Hepiafrich media
cl.lidgat : t .
and G54 A RATTEE Shull FEpRRet 8! §81inpun in the ant
Exceptafisofdrase anyotooventionat enedibd adayentstsr atdoompatinle avitho the
_applicationin ato icgh formul ati on. .¥.\here. t he lated
active,dpgiediantare Haebl G5 ROTARELIRaFPYPOSIIGES 15 Gopfemplated.
e/ e SghR! OheeXipbtBidratdde into the
S M AR e
compdaitionsry by inhalation for the treatnent or prevention
of infections. It is further contenplated that the

wnefd 35 et i FHATE G o iRl 5 o e e e
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 peptides 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 to 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



vehicle in the context of gene therapy. Accordingly,
t he pharnmaceutical conposition or antim crobia
weewpa%i3vi on of the present invention nmay be fPRPCTBGZ0Z000121

for topical, oral or parental admnistration. For

exanpl e, the conpositions may be fornul ated for

adm nistration by injecti,gn or for adm nistration by

i nhal ati on. The active cgzpounds will generally be

fornul ated for parenteral admnistration, e.g.,

formul ated for injection via theintravenous,
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suspensi ons. es of armaceuti cal conpositions
such as theneyerand oibudh cao rheosnepamwdqu% golytiens @ SUARSMTIPGF:
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di ,
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e carrier can also be a solvent or dispersjon
presemeati agamhlﬂm sbnigminatioroimceorganisms, sushrs bagierigoand

fungi. ('{'he pﬁarmngce\,ftlcglI & Cn%géltlon 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



propyl ene glycol, and liquid polyethylene glycol, and
the like), suitable m xtures thereof, and vegetable

W®@R003/126Bb2 preparati on of nore, or highly, coneensGzN@000121

solutions for direct injection is also provided, where
the use of DMSO as solvent may result in extrenely

rapi d penetration, deli v%gi ng hi gh concentrations of
the active conpound of the pharmaceutical and
antim crobial conposition to a small affected area. In
addition to fornms of parenteral adm nistration, such
as intravenous or intranuscular injectign, oth
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creans. One may al so use nasal sol utions
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ot her ‘nodes of admi nistration i ncI ude

vagi nal suppositories and pessariges. A rect ess
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e rect
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oyed exci pj ent exa
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magnesi um stearate, sodi um sacchari ne, cell ul ose,

Oral WU%?I'OH@ |ﬁél{198r§i‘}cﬁ ROYehdilyeemldedTERS SiehTRO STdri examnple,

he form of sol utions, suspensions, tablets
pharnmdétﬂimab agradeesof suaneitaledagioseasyardy. ninagnesiwn ostearate,

soc 0 Fenon Biose: TFRORTAPE AP Al 3% 11 Those
comp@ﬁfﬂbﬂb%&@'tﬁé form of solutions, suspensions, tablets, pills, capsules,
sustained release formulations or powders. For oral therapeutic administration,
the active compounds of the pharmaceutical cofnposition or -antimicrobial
composition may be incorporated with excipients and used in the form of
ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, syrups,

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.



conposition may be incorporated with excipients and
used in the formof ingestible tablets, buccal tables,

wo e@chss92 capsul es, elixirs, suspensions, syrupSI/SG2007/000121
wafers, and the like. In particular, the

phar maceuti cal conposition or the antim crobi al
conposi tion accordi ng tozany aspect of the present
i nvention may be for topical adm nistration and nay be
suitable for treatnment of skin and/or nucous
menbrane(s). The pharmaceutical conposition or the
antim crobial conposition may also be in the form of
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The @9@%@}1{:%&%}1*%? @(E)shoippc{ve eng corﬁyaecr’gtllelg)sn sBlu |\</)'ndc%§n[§\'is(f|%”a?féast
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



one pol ynmer and at |east one peptide; at |east one
phar maceuti cal conposition; and/or at |east one
wW@eoreaenbi al conposition, each as descri bed BDY&€2007/000121

Wil e the invention enconpasses admi ni stration of
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have ot her uses. However; the isol ated peptides may
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The present inventioh 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 p'resent invention
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antim crobial conposition, each as described above,

di sposed in at |east one suitable container. The kit

may further conprise at bgast one addi ti onal
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topically to a specific site, such as a wound or bum
The HreskRt NENEBME als®AProRidedt Anethbtiefdhhibltingcandlor 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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appl ying onto the host: at |east one antimcrobia
pepti de; at |east one pharmaceutical conposition;
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bacterial or mcrobial infections, a person of

The FEdERAivetiibh! aBUbFLVIGEO I dragt Bereenity aethety comprising
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administeting at feast one analpgeofihBDdar agragiuentihererittoat feastpne
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‘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
foilowing: the decreased cytotoxicity to human cells can be controlied 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 overall
hydrophobicity and charge density are associated with 3D structure of the

peptides.



replacing any residue of cysteine with any other amnino
acid or a derivative thereof or with a protected
W@ y®rarde2 r esi due or derivative thereof, adm nPGI/E62007000121

to a cell, and determ ning a reduced cytotoxicity. The
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ant By ST Lo s B RUR ot 7Rk SRS i
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ys(Boc)-Wang resin (substitution

Acylaggnt besglingofeastion) was aarrmacpwg)wﬂbHBwTéw%T éH&LL? is-[1H-

penzed s Sy A bR e R Rl '

hexatidryphesaeite | Raxdde, 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)ftriisopropylsilane (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, separaied 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 um, 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 eluant B in 20 min;
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wat er; eluant B, 0.01 % TFA in CAN, gradi ent 20-35% of
eluant B in 20 mn; W detection at 210 nm (Waters 2695
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eluanb NnS2 Secth bl o8 RarEs aderm ol Eaenfan s RG0!
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ophobicity of peptides was neasured by HPLC- M5 at
the sane experinental conditions, e.g., the sane

peptl de concentration (500 or 100 rrg/rri) | oadi ng (5
CDS lowrate of 0.2 mM/mn in the sane gradient

Circuf- 3gnRSism spectroscopy was conducted on Jasco J-810
spectropolarimeter in aqueous solution (pH of 5.0-5.5) and other different
media, e.g., 10 mM and 20 mM SDS, 20, 50, 70% (volume) TFE in DI water.
The six analogs were at the concentration of 125 pg/ml and wild-type hBD3 was
in 100 pg/ml. CD measurements were performed at 27 °C within a wavelength
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



eluant Aiin 32 min and relatively conpared in term of
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J-810 spectropol ari neter in agueous solution (pH of
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PI"Us cropf ate reader using software Magell an v5.03

of theasetiab Bilmedfidrtides. Thed Dxuls theecongentietion of papide at which
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50% Gt VBPRoERet et KUk ng "BaGSHIR RE LT ¥ Fioures 7(AB.C
and Djnti bacterial activities of the analogs and wild-type
BD3 were determined for E. coli, B. cereus, S. aureus
and P. aerugi nosa by measuring bacteria growth in
CaHb#liu!d broth in the presence of the serially diluted
————éﬁﬁ@ldes. The LD50 is the concentration of peptide at

The Whiteha W%@?ré\hﬁ 1 ahiddogaritheiarghdeel firediudlhes-tietan tBroth
are reported in Figures_/(AlB C . .
(MHB) from overnight plate culture. The cell suspension was diluted to OD 0.1

(600nm, Pharmacia Biotech Ultropec 2000 UV/Visible 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
10" CFU/ml was made in PMH (in sextuplicate for Staphylococcus aureus
ATCC 25923 and Bacillus cereus NCTC 2599; in quadruplicate for Escherichia
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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RESU
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ed .as con | |
I
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menbranol ytic activity of tested tides bFlgur
detaﬂﬂﬂES[ULT@'Ex&nﬁ%]UPnCBl el rﬁﬁ'ﬁ”@g@yﬁfqr}?pi@ Iy} gL <C ilﬁ' ge,
overa@%@s{ ) o )S Y%I angd eAR oﬁnr&ﬁgﬁ ar];@?u?é" rgdlﬁ’&aﬁésed on

SI X |near anal 0gs wt resi dues of

synth&§iD3carswas réporteel] sesi suppbniog iofeemadionyl ade descri bed
in detailed in Table 1. (sequence, total residue,

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 (>-12.65) n.c.
A6 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; V

b. Calculated by the Hopp-Woods scale (1983); n.c., not calculated.
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ul ar
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‘esi due 1's as ow ng: Phe > Tyr = Trp >

generfﬂé)'%ﬁ%k\kbm andtte HPLE bt matchesAbmcalwlaim@avwweé The
acC

genersl bt Ty dhep B tolseufis, hydebhkblotBf ‘AR is -as
followff: Z\N@t D% of vE ePhafeaHEDS eShBueSEIueCt RerhiBe Hewbieethe
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 Mouid, 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 hvdrophobicity of peptides in term of retention time ( Rt) in HPLC-MS

Standard
Variant Fragment Retention Time (500ug/ml) Deviation
1st Try 2nd Try 3rd Try Average STDEV
W6 809.4 29.3 29.3 29.19 29.26 0.06
944.2 - -29.31 29.31 29.25 29.29 0.03
1132.9 29.26 29.32 29.26 29.28 0.03
F6 905.2 27.51 27.77 27.67 27.65 0.13

1086 27.46 27.71 27.76 27.64 0.16



aqueous solution. In the foll ow ng sections, we wll
di scuss the effect of overall hydrophobicity of
w@eprizsInn bi ol ogi cal activities. Table 2. RePE/BG@®07/000121
hvdr ophobi city of peptides in termof retention tine
(Rt) in HPLC-M5S Standard Variant Fragnment Retention
Time (500ug/ m) Deviati 033313t Try 2nd Try 3rd Try
Average STDEV Ws 809.4 2973 29.3 29.19 29.26 0.06
944.2 29.31 29.31 29.25 29.29 0.03 1132.9 29.26 29. 32
29.26 29.28 0.03 F6 905.2 27.51 27.77 27.67 27.65 0.13
1086 27.46 27.71 27.76 27.64 0.16Y6 921 .2 23.68 23.89
YE3. 99 23283 0. 16239805. 3 2283 23. 82308 94 23.28$50. 15 0.16
W d-t yptosBD3 &d42 23. 228.98 27 22394 23. 24 235803 0.15
Wild-tyn@BBDP " 88028 23.232223. 23 28208 0. 09348 829. 223282 41 0.03
22.31 220362 0. 072384, 8 222433 22. 36 232336 22. 3§28. 05 S@-0°
M5, 1 2282 20.21-20.16 28248 0. 25 22¢13. 9 20.238620. 17 0.07
20.12 20928 0. 252245Acm) 6 70% 3 19. $28§. 35 20.228920. 12 0.05
86 22 93848.119. 962047, 35 202031 20. 15 4.9 1118.49-389. 96 025
20.3 20108.20. 11206817 St ad¥bf d Var i Fr agnme§2® 0.25
C(ARedeNt | 01998 ne (190ug/ m ) 208%i at i or?01St Try 2Nd2Try 022
3rd Try 9%%2dr age STOEV Ws 808 4 29, 9.189. 7 292¢1§9 66 019

0. 06 1118.8 19.96 20.3 20.08 0.17
Standard
Variant  Fragment Retention Time (100ug/ml) Deviation
1st Try 2nd Try 3rd Try Average " STDEV
w6 809.4 29.59 29.7 29.7 29.66 0.06
944.2 29.99 29.65 29.7 29.78 0.18
1132.9 290.71 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 24.14 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 22.1 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



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

wQ@2003226382 25 0. 12 Y6 921.2 24.4 24.45 24.35 24prdr/8GHH7/000121

1105.3 24.3 24.4 24.35 24.35 0.05 WId-type hBD3 860. 2
24.14 24.4 24.29 24.28 0.13 1032.2 24.61 24.15 24.1
24.29 0.28 A6 829.2 - - a4 994.8 22.66 22.1 22.31
22.36 0.28 S6 845.1 20.4? 20.57 20.27 20.44 0.15
1013.9 - - - - C6 799.3 - - - - 932.4 - - - - 11 18.8
20.7 21.09 21.03 20.94 0.21 The increase in

anti bacterial and henol {rti c activity with |ncreasi ng
hydropiyitic epirisisec Braa iase i kevastiueiyslc detarainants ewhichr idicate the

antibaR R b o ERLF I one W th The | nner core of cel

menbranes | eading to |oss of selectivity.[Ilker, et
. CD SdctrosddpandRebtidb2Becdtldrp StriGtursee al so ref 1, 4
~ clited 1n this publication]. In many instances,

Previqic By RO SHFER Rd BLBICRERs, SRRLHRY ridb2 kel e
al., BibBh&mthy) FtD12I4R, e 0L asB Y, BenipPee dl.MIBT 2002 277(10),
anti bact'érial 'activity (Harder et al., 200;) These

&

8279-88Fhhve shhow thahthe: testiary ctrcturesfof frumpen Phefersinso{hBD1-
resi dues and S. an

3) are SiRYiGF (y\gﬂ'] gi%ogi\ﬁ\écfi‘;&igala\?eeqp%rptgpp 2 %afq%ugtﬂﬁélggt?g#&e% &nti-
parallgpﬁ-%hgépﬁ@lhsﬁdm&l%@ thﬂ-:@ &i@ﬁfﬁd%%ndé. However, in the absence of

© constraints imposed by three disulfide bonds, linear analogs of hBD3 are likely

_to be flexible and random in aqueous 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 aqueous 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 disulfide 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



anti bacterial and henolytic activities. CD
Spectroscopy and Peptide Secondary Structure Previous
woeoas2@nd NVR st udi es [sone publications, i ncP@msa07/000121

hBD2, Sawai et ah, Biochem stry, 2001 , 40, 3810-16;

hBD3, Schibli et al., JBC 2002, 277(10), 8279-89] have

shown that the tertiary %%ructures of human b-

defensins (hBD1l- 3) are si“milar with a short a-helica

segnent proceeding a triple-stranded antiparalle

b-sheet held rigidly by three disulfide bonds

However, in the absence of constraints |npos
markecheagotnatioral deartsifieds their GEhsPeeiE vigse & ﬁbl@dawéh clearly

ovso iy 31 MR RE AR e S v

peak E"ﬂeefreﬁﬁdi ©190-199asmOfSudH ar §séctium Slgsétﬁm‘lacwrisﬂc of a-helical
determ ne the solution confornmati ons of the |inear

structprst ad@sihelsef@lB Etplécp%%@@pty) conclugrlthal theypresance of TFE

t I
ncroeR b by JORST BB sk lich R Ao, T
a-heli@Nbriténtt Gether &%%ﬁ‘eﬂo%ﬁ andewid-83d BBDidspetially for W6, S6,
trifl uoroethanol or nenbrane m nmetic SDS

F6, witd-typd bBD@RaniYEs gze y inprasegsingberpraperes of d B, which is

o BB B S8 T SR, Mo B HRE R e

may éﬂééef"r%ﬁfos%fb?é ‘stéiﬂ(iﬂgeé‘f ArdRERIR rﬁf?oéldé@‘roups afitsxidifes in W6,
i

sol ut1 on. CD spectra of six near anal ogs and
F6, Y&i bdpwmbuemzdrogera@@edm efimgendride gEouRs 9f reisiduesgrin A6 or

e BB forkF o 4B b e YRRy RESH R e Bpitions
of a-ﬁélf)@ﬁﬁfomWﬂ-HBDét Iﬂ%rﬁ@%a@@tl(W@Csef dAnem)8), ttheahigher the
predom nantly unordered structure, showi ng |argely

concereratiom afol FE stheuigheeaihelixqosten. Ibisu€Ddransitions alsgsngurs

e AL o S A 96 AR v
enVIré’ﬁ%Bﬂt 8Cindniahes She ﬁeﬂ@céht%ﬂt b gRNSix na®sds éh*tiﬁ ivile-type

econdary structure o derivatives, thus,
hBD&eespmd:aﬂly for r'vét, (86 wédamsaoet bBR3, oF & tade ¥ 6i @Rspemweq/ to

: someoex’tem(:3 dBe ?o ?né: %aronfe re.qﬁfect o‘% s?ruclcura diet%?ml rain(%lsqgg tRéy ngin the
presence of TFE. In most cases, especially for W6 and Y8, 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, indicating 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 person 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



repl acenent residues of the six cysteine residues.
the presence of different anounts of an organic
worea7fizedp TFE, in water, e.g.,

spectra in 50% TFE was reported here), all anal ogs and
nati ve hBD3 undergo amarked conformati onal transition,
their CD spectra were re%—shi fted with clearly
observabl e doubl e nmi ni ma gt wavel engt hs of 205-222 nm
and a strong positive peak at around 190-193 nm Such
a spectrumis characteristic of a-helical structures
and therefore it is possible to conclude that the

hlgh peraskytic eproperties, | albedarets Withe apHlbpdetialo ackyityn EPrer et al.,

f
oo BB TP A, BSEERPEESab OBl ol i
antibaREdRs iagtiliyy, foytot¥icitp@ndhie molytid-dotivity WDBeadidcOésed in the

greatly increased in the presence of THF, which is
followingos@etioes st abi | i ze this type of conformation, their

difference in a-helix content may ari se from possi bl e

Anhb%@ﬁﬁ'fﬂﬂ! @f! aromatic ring side groups of residues in

or possi bl e hydrogen-bondi ng between side
LD509LDOpsLDO9raasd UDE9.9 of AﬁldsllypeH'cBBB a&nd it ehnearn ahalogs were

th di su) fi de_bonds t |
deterailec PRRNPb IO CPTATRIENYP oE ool B0 Sroiags) 2add
3? hse6 ankeRigupéd POA,A8, C and

é@@s CePsii, B . atrBBs N THHE
Gram ,ItN%G(eB hi ghLér a- ég1e| [ iﬁgont en This CD transition
D). whi ch

al so occurs in 10 m\/l and 20 m\/l SDS m ceI | es,
n8fits linear

Tabl bgtt!er m ﬁn C .
especially for W5, S6, wild-type hBD3,

»gﬂm_og%;l d-type hBD3, _
al so increased to sone extent due to the

In

N

20, 50, 70% ( ontCHSQI07/000121

and Y6,
of structural determnapnts—-as-theyde

sane_effect ;
|P aertigv@spr aserRres®f TFE. |n st _cases. especial |y

for W6

anGgeXlie a- hel 1 sand ety 1| SuBb@NgimifY LBod il hmogblw[]g/ml)
—Furthermore, [ the_not eg u|e41s4r|g| S o4
woul'dPdie expesti-ed £4 be desisPdnt—to arny—ra-or :
sol vEat - i nduceéd co®Ror matli onall-&hanges. Hotheven, in125
the pgesence ¢f THpand $DS, ide CD|specissim appear .9
o clgmg_e dra Bl Eﬂl-éy’ ! Ddl I ng Ehe sé‘{_png o
Ht-erFaetoRs—pfF—the—peptides—wth—the—solvents:
Y6 9.4 12.1 24.5
S6 4.7 5.9 6.2 11.4
W6 5.1 9.5 12.2 12.5
| Staph aureus, ATCC25923 ! ,
Peptide WLD50 (ug/ml) | VLD9O (ug/ml) | WLD99 (ng/ml) | V.D99.9 (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 23.6 "24.9 48.4°
S6 9.8 15.1 24.5 >100
w6 15 5.6 10.4 12.4




The nol ecul ar wei ght of six |inear anal ogs was

characterized by use of Mass Spectronetry according to
wG@r@ndzae t echni que known to any skill ed persoPCT/8GL00@000121

art.

The results are reported in Figures 8-13.

It was

reported that no correlation has been generally been

observed between degree
activity; high helicity

henol yti c properties,
activity [Oren et al.,

helicity and anti bacteri al
ten correlates w thhigh

1997, 36,

albeit not with anti bacteri al
Bi ochem stry,

1826-35]. The correlation bhetween helicity_and
E coli, F0Ichegter | al, activity, icytotoxicity and hem)‘gvtl C l
acTIal Y W11 PBsft, ety S eQdQB (,tdgr‘ﬁl)f%ﬂ%@"db%f? GO (u0/mi)
AptFBaeteral—Act A Ty HD5 COD99 ana LO9Y. 9 Q
wi whbd3ype hBIR and-Sts Ll gs—witd detlermhed
agaiFest two (r am meigati Ve ( 120l | and P17.@er udi nos&}-3
and o Gram|posi 14 ye (. cepgys, § augggs) (ITabl es.5
e ot oo, CHT Lo Tabr LPEE or i he a8 rend ana? o
| i ne)@r anal ods. | E 1(30//,3 ATCC28922 Peotl ae8v| 25 _
(nglég) vLDOQ (mylgrd ) vLUDO9 G/ ml )| VLD9D49 ( g/ m y2.5
22 ¥4 o 355 o th 7 o g FLo 4oy oS an ks paihD
. 2556 9.3 11.8 12.4 12.5 W6 4.8 6.2 11.9 12.5 Qur
B cerdu§ SNEYcoof Ul | -1 ength |inear hBD3 anal ogs shows t hat
the replaceﬁﬁrt of the sfx cysternelresidues b
al anine (A, sari8 p&@), GYSSoRL GNP ASEL §GmPY| LB5.9 (ug/ml)
whbd3 3.9 5.8 6.2 6.2
F6 9.4 11.9 12.5 12.5
A6 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 11.3 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. S6 and F6 also have comparable level LD50s (less

than 10 ug/ml) against. the four pathogéns. For C6, Y6 and A6, most LD50s

against-pathogens are in the range of 10;20 pg[ml. The result show"'this series

of linear analogs, eépecially W6, S6 and F6 have high acti\}ity 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



[C(Acm], tryptophan (W, tyrosine (Y), and
phenyl al ani ne (F) respectively, has sone effect on
w@niorhasveri al activity. W5, S6 and F6 are theP@DSG2007/000121

pot ent anal ogs in conparison with hBD3, while Y6,
C(Acm 6 and A6 have relatively | ess potency. W has
| ower LD50, being | owner an 5ng/m, against E. co//
and S. aureus and it has conparabl e LD50, being |ess
than 8ng/ m, against P. aeruginosa and b . cereus. S6
and F6 al so have conparable | evel LD50s (I ess than 10
:%IM) agai nst the four pathogens. For
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tryptophan is capabl e

and F6 may also be capable of -7 stacking interactions and/or can

v-ll)

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 hydrophobic 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. Among. 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



p - p stacking interactions and can participate in
hydr ogen bondi ng, particularly in an interfacial
wepoornegspent . For tyrosine- and phenyl al ani ne-P€T/862007/000121

variants Y6 and F6 nay al so be capable of p - p

stacking interactions and/or can participate in

hydr ogen bondi ng, | ust aégt he tachypl esin derivatives,

Y4 and F4 were found. The“antim crobial activity of

hBD3 derivatives depends on their ability to contact
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is the repl acenent of cystel ne by al anine (A),
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only inRMRENGith YatRRydm&lis2but 84h Bideydisplay toxic potential to mammal
cells and eukaryotic cells. Microbial cell membranes consist of anionic
phosphatidyicholine glycerol as a major component, however, eukaryotic cell
membranes contain  mainly  zwitterionic, phosphatidylcholine and
phosphatidylethanolamine susceptible to hydrophobic interactions [Yeaman and
Yount, Biochemistry, 2005]. Therefore, it has been proposed that hemolytic
activity of cationic antimicrobial peptides are directly connected with the
hydrophobicity of peptides. [Hwang and Vogel, Biochemistry, 2005]. The
cytotoxicity of each of the six linear peptides was much lower than that of wild-
- type hBD3 in the concentration of 6-100 ug/ml. The result clearly shows that it
does hot matter too much if the hydrophobicity of linear hBD3 analogs is high or.
low, they have decreased cytotoxicity in comparison with wild type hBD3. As the
main 1-dimensional structural difference between linear analogs and the wild

type hBD3 lies in the cyclic structure formed by disulfide bonds or its linearity
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ampl'ﬂ”‘;ﬂ‘ﬁllléj WeatH thte'ée d%ﬂ@ﬁ@l@ﬁ@l fwhi@ alnddedelﬁ f@fuaetnary structures
hydr ophobi ci ty. and | ow
manynytw@tprﬁibd%tafrylrrm t(Pq@ |?<R»eCéP %w &L@k@r@?m sfuchurgl &Ptors
o FERRERR BOL0Ys 2hafs SRMEK and el s, apwhipnpc
confofhatibh ) hy@’rmphxbdrcxuphomn:l foldingd ared atdlmmejst rferma’gﬂ!m)ston :
antlng@rt@gt@(a))élgﬁ\:u{}lcpmogpxng& ﬁqie{]rﬁ%lgpc\;/ ggtlil\ﬁty '\Ne %%%gcoee&gned and
synthesized a series of structurally homogenous full-length linear analogs of
hBD3, providing a good modél to further investigate effect of native three
disulfide bonds pattern, amino acid residue with different hydrophobicity and
molecular hydrophobicity of peptide on antimicrobial activity, cytotoxicity and
hemolytic activity of peptides. Our results of hBD3 derivatives show that high
antimicrobial activity, especially for W6 and S6 and F6, have been achieved and
the decreased cytotoxicity to human cells was found for the six linear analogs
and it can be controlled by the design of peptides in term of hydrophobicity, it
shows that the native three disulfide bonds pattern in human B defensins is a
key structural determinant to it high cytotoxicity. This finding provides an

alternative and new design concept of antimicrobial peptide, and have



in pure water, the effect of second structura
paraneters of hBD3 and its derivatives on cytotoxicity
wae@7haget ytic activity is mnor. As human b de¢ERE62007/800121

(hBD3) are structurally characteristic of being

cationic anphiphilic with three dinensional folding

and even quaternary stru%gures, many structura

determinants (1D, 2D, 3D'and quaternary structural

factors, e.g., highly net positive charge, sequence

and residue distribution, anphiphilic conformation,

hydr ophobi city, 3D foldlng and dimers for |onL
implicatiuri forcacdseshicaand wivep, copmerer| epsaarah ange Y?‘P gent of

Ll
defengifs peplites FORBIEyRBGE Rl PRt Bl Ay Rk 2osPon
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attern,
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unnecgg%%&u'(%rré%‘%?ﬂ%ﬂgl ;?6’(% %Bhﬁ’ﬁ(ﬁ bi2f deferfdiid @eﬂlﬁﬁ’\yé’é with

ity, cytoto ytic activity of
little dpefd itexis. effdots roeshbsscems mBpBt @erdwgnwar@hdwelnaed As

roso G SO Bl S8R A Loy A
cytoto%ﬂtgttﬂég‘ﬂaw dierSE Eiplieslidies, we s ef(QMPﬁe ftﬁéy gy Bexadded to

nal ogs and It can be contro t he design
contactflepeppiufiessita preventdnfeaciians onsldided ity OT@ ayigovyet $pltions

ive three. disu attern in human b
fo 9“’%5?%%?@ F?%teﬁc*gng'fcljrﬂ%?)ﬁr 'g]%%gé?gr mnant to it high
cytotoxicity. This finding provides an alternative and

ExamEEéVQ:dBt‘érﬁimal Fragapnt @hakoysi (10 cesidues) gfdBDAe, and
avei nplication for academ c and even comrerci al

resear.ch _an f .
Tho g et B Sl s 58 ARy g oo
were Q@ifdrminrdpicgd [BCcmsauas dfrmﬁerarigebydrwofomttvrawmmh@ﬂylalanlne

i de bonds and li e rg
“’YP"OFgé%&%rOﬁ'Qea 'SSS‘wﬁ%ﬁmfghP’é@ed?%’é@%d (IE) 'grngaﬁ° form the
correspondiidgdhort pepﬂt@seﬁ&asqpond:@en%pblnﬁmm ghglogi)dc@dﬂd as W2 F2,
little or no

Y2, Lf géccga éﬂ@é gl c%gﬁéﬂaynﬂ %r\éﬁﬁoﬁ% tl(i-:‘%l gned and

devel oped. As these anal 0ogs are potent anti-mcrobials
RGRI@CRRKKe | ow mammtl-resivuedal-terminus fragment of  SEQ ID NO: 37

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.



cytotoxicity they have diverse applications, for
exanpl e, they may be added to contact |ens solutions
wao ovopnzsent i nfections or added to OTC eye carBCT/SG2007/000121

sol utions to give themnore potency in warding off

i nfections. Exanple 2: C termnal fragnent anal ogs (10

resi dues) of hBD3 The th cysteine residues at the

C-term nus of the 10- re3|%ue fragnent of native hBD3

were uniformy replaced by residues of differing

hydr ophobi city, viz., phenylal ani ne, tryptophan,

tyrosine, |eucine, isoleucine, valine, cysteine and
Molecutsr dwdepphebicityy f orm t he correspondi ng short pepti des,

the second series of hBD3 anal ogs, [coded as W2, F2,
The ov%?a c] rI'rgleg%Igrz: ?ﬁ%@b‘b Kféd[ﬁgé?(—]}t(ehi\%ﬁtﬁh NEBDY laﬁéclogsl Qletd h1easured
e t
by RPHFAGHIR InPTSEG) Tetien 18T ASbTHORKRIRAG VBB oRP-
HPLC {gq I\%@p o R@KLL@IQ&E%F%EQT] i3 éﬂor&cﬁ@&'ﬁﬁ%& of Peidls or

LZSQlD / RRKK I 2
amino SEIY $ie 1abeing emeFaceRidRRieje! RERYEH REC 45° RSRPPRIEEP
c18- m§5@a& DY NQ lé%ﬁ%&)l&c aM: tﬁéTﬁﬂoBW%Hé%eT@ﬁat@-mmtnﬁEQs

nyaropilisiIgriaet reHOmESPS S0 e SO Bt i GOt ADARREPFBG The
measupé(d &%@?fo? Fﬂ%h’b%c@l@ﬂhiﬂ?bﬁfé&hﬁ o & supiiadd Bidsyfoinal: Y62 s F2

ng experi nental and theoretl cal methods as
>12 >dl%8érf2i ¥ >aBdv bl ecul ar hydrophobicity The overall

nol ecul ar hydrophobicity of the Cterm nus hBD3

e 3078 3P 5T, Pp TR L R A g 0 in
HPLO3RPAEA ATNIN, ap peala@iradient 2-15.506imBf nyine apd dyed15.531%

such conpari sons of peptides or
in 3 mins of eluglpc B (ACN) Pep

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 11.79
V2 : 17.46 9.86
C2 17.05 9.67
H2 11.45 7.15

a. Order for The order for overall hydrophobicity of peptides: W2 > F2 > L2 > 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 > L2 =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 -



am no acid side chains anong anti bacterial peptides.
Since the stationary phase of Cl8-nodified silica is
whyaropisebi c and t he nobil e phase (water-acet oPCT/8G209Y/000121
is hydrophilic, longer retention tinmes should be
correlated with higher hydrophobicity. The neasured
order for the nol ecul ar q%drophobicity of the peptides
is as follows: W2 > F2 >"E2 > 12 > VY2 > V2 > C2 > H2.
Table 4. The overall hydrophobicity of peptides in
terms of retention time (Rt) in HPLC- M5 and ACN % of
peak (gradient 2-15.5%in 30 mns and then 15.5-31% 'ﬂ
hydropBobitihs ob pepidesrronLtCNyINg, thieysgale Seteraicmaiches thigof the
experlrﬂgri}élal-lbbgy l@t%gi%ﬂ bz td¥’[aofex@s.'f‘p‘?tfbrdﬁ‘\%} ond8r YorF¥2 > 2 2na 1R2C2

he rel ati ve hydrop hob|C|t|e of
[C(Acn)Bk waspeiciisiedvas écral 405 01 BaYaxP COMBRRSHISH Ve T B5HoPP-

Woods 04l fW% W'ﬁ%ﬂégﬁb&y sﬁ&@lrQaﬁVW h@h@nydr&ﬂﬂnlﬁit? eﬁovflélfer the

over al bicity of this serjes O%Pe'p
overall:m@tgcwar\({wdﬁon_k@blﬁlty garjeswa;largg rangg; (daklg 4 and kigure 14)
hydrophil'ic i ndex where apol ar residues have been

Table 85PhB&Sic pHE_IdotReMidal BPoperfitof C-Teymimal fragniéapéptides

dent| y antigenic regions based on hydrophilic
Pt CICR B oFREauEe SEEmWckne Val ues
corréspon 2 sepperfiel y | n each
Varpept i d deotaly @E{Gg@hph'@ p%ﬁg,l de] Snya@pﬁbblgi@yahydr ophobicity
“wi th|respe¢t (§58Make) renalnlnq anal ogs. The trend
i nhy( rnphn Di r‘ir$SdrdU$f S r‘nrmllf ed—usi g this scal e
wgeneral gy mtcizeg) that of7 the expe|4|2menta HPLC
etenti Ime fJata, except for thq360rder for Y2, L2
ﬁé .ﬂgz [CxégnyZ], wa? exg¢uded—as—Acm does not
Yliave a tbr eSDCa@ﬂ ng yal e | t he 1ﬁrﬂmn- ods scal e.

bhe ¢i ofy peptiges shpw rrel afivel y|7m gh

U D

VAL WYY RR RS ovvever, fhe over, I mol ecul ar
IZ\J/drrph i g | 'l‘ \I Z(Q | es |7u | aF 3\’ } 3c (T-\bl e 4 and
Fi gurfe 14). Table 5. The asilc phyigcocheTica

npprt\lp oft C- p i (aTHAN f'rag” fak napf: doc H The

TS v

vower dl | hydr ophobi city was c4ql cul atled based on the
fraghiedt dphobi ¢i ty &opl e pf Hopp-\Wbods hydrophilicity
Iifale k@mﬁr vquﬁ coyregpongs to bgwer hydrophilicity

ot—htghes 'yuluullUUlb ty g, Tot——cat cutat ed. The

Q)'%der f &9 dver a0(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, Y8, A6, S6 and C(Acm)6] .



hydr ophobicity of peptides: W > F2 > Y2 > 12 =12 >
V2 > H2 b. H stidine: weakly basic Cytotoxicity The
w@yaootionpriti es of native hBD3 and four of theP@i/gGr007/000121
new peptides {W2, Y2, V2 and L2) to human conjuncti val
epitheliamcells were tested. The primary results of
the cytotoxicity tests (F gure 15) show that four
pepti des show decreased cétotoxicity in the
concentration range of 6.25-200 ng/m in conparison
with native hBD3, as did the first series of six
l'inear full-1ength anal ogs of hBD3 [F6, W5, Y6,
Thus, wheh Gimeang] Tabftdandfigyre dEnihis W@Sm@peﬂdﬁsammﬁpgﬁﬁseour
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usions t'hat hydrophobicity correlate well
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e ' St LLgadaRMbich are covered
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byemmbﬁéeehﬁ to mucosal surfaces which are covered by
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hBD3 or a fragnent thereof, provided that the anal og
is not SEQID NO 28 and the fragnent is not any one of

WEEHQ7hEB3MNOs: 31 to 36. 2. The isol ated pepti de PCTAGZIONG0121

to claiml1, wherein any one of the cysteine residues
of hBD3 is replaced with any other amno acid or a
derivative thereof, or ia replaced with a protected
cysteine residue or deri gtive t hereof, or the
cysteine residue is deleted. 3. The isol ated peptide
according to claim1 or 2, wherein the isol ated
peptide conprises the am no acid sequence of any one

Claimgf: SEQ ID NGs:2 to 12 or a fragnent thereof, wherein

any one of X1, X2, X3, X4, X5 and X6 is: any am no

c f
AL A S S R o DRI SRR o
HBID3 loF esfeagmedit thehsof] praiviieelithae me dralpgdsndi B&Q D Hi).28
one of clains, 1 to 3, whe [;?Dglsqla § pepti de
Wﬁmfg@mpﬁ@sdmtﬁgygﬁecpf%@é Ost3 ﬁ%/ ne of: SEQ
ID NOs: 13 to 25, or a fragnent thereof. 5. The

i sol ated peptide according to any one of clainms 1 to 4
Thevibelatedpeptide sotatieg tpecpialndd &\chquelln%w ohe ohheneysteine

d f D NOs: 13/t
@585 9n P LR ReBPIC] RN oMo B A L OB BP Ty
theretty o‘?ni% Rpl&Eat Wt at BrotecteliebpstBirid) eegiive PSrotienvative
cysteine residue is any one of: C(Acm), C(But),

tBereduohthes) gystéiBe Irysidog is d@lead) 0(4-MeO-Bzl), C(Mt)
or C(Cam.7 . An isolated antimcrobial peptide

it PRefddpotinbuR eSS 2 Wil wlTeoelh denige
&?}m?ﬂ%é’ﬂ% Shinoob&d!de U%ce%@ah&} ote @IT SEG IIIBQNTBQQ to 12 or

i sol at ed antimcr Obl

. pe e, rein
a Heagreent ﬂn@re@‘ ahereipanYanae & %t >ﬁ%®@’ a@ X f&r@gﬁgr‘ﬁ any

th f d t
G o BRI 4 BB LSRR, of g
Mepe6t kaipY GJABU]; or the amino acid is not present

The isolated peptide according to any one of claims 1 to 3, wherein the
isolated peptide comprises the amino acid sequence of any one of: \SEQ
ID NOs:13 to 25, or a fragment thereof.

The isolated peptide according to any one of claims 1 to 4, wherein the
isolated peptide comprises the amino acid sequence of any one of: SEQ
ID NOs:13 to 18, or a fragment thereof.

The isolated peptide according to any one of claims 2 to 5, wherein the any
protected cysteine residue is any one of: C(Acm), C(But), C(t-Buthio),
C(Bzl), C(4-Me-Bzl), C(4-MeO-Bzl), C(Mmt) or C(Cam).



7.

8.

10.

11.

12.

13.

14.

of X1, X2, X3, X4, X5 and X6 is: any am no acid except
cysteine; a protected cysteine residue or derivative

wo b@raaf3oexcept C[ Abu]l; or the ami no acid i s nBCT/SG2007/000121

present. 9. The isol ated peptide according to claim S8,
wherein the isol ated peptide conprises the amno acid
sequence of any one -of: ,SEQ ID NGs:13 to 25, or a
fragnent thereof. 10. Thé1 i sol ated peptide accordi ng
to any one of clainms 1 to 9, wherein the peptide has a
reduced cytotoxicity to at |east one cell conpared to
the wild type hBD3. 11. An isol ated pol ynucl eoti de,
Antisolated anémissolialipepide wheseiodhePaptidedssa ligprr analog of
ide or fr n her j :
ot 1 g 8o LB PHSEE e hrbiRpitia WekBhoe of
2 oHelst: SBIQ) (D NOSBSItdg5 bp adtaymerdtithedsbf. A host cel |
conprising the polynucl eotide according to claim 11 or
the vector according to claim12. 14. A pharnaceuti cal
o S i h . . ,
ABop Rt afffimEh Gl pLBiIG v B} tROBOME R0 ApBERAAICS of
HBD3 Gr 15 fragheerththeneafeartd cainpeisepdbeé taroinoaacidrstiqugnce of
claim 14, wherein. the pharmaceutical ,co sition LS
anse o B ROD N SIS T FRomeRtAEEBE Whéh bfy one
GO R2s{cs akd ol okPx® TN RRIRB RN EREeptCsyBRSIAL T 4 PRotected
according to claim 14 or 15, wherein the . o
@istinacesitiiear darivative ttheneof extcepinGiAhudor #re amino acid is
@gm ni sttr ation by injection. 17. The pharnmaceuti cal

M68¥M on according to claim 14 or 15, wherein the
pharmaceuti cal conposition is fornulated for

adm ni stration by inhalation. 18. An antim crobi gl ,
Thenisotited drentigieppreerdingato (ki SoMiesaipt fhee I%??ate peptide
fragnent . th cor i t £l ] ’
LAAORSS e RRCORchRe S APl of SERDINGR o 25,
or a fragment thereof.

The isolated peptide according to any one of claims 1 to 9, wherein the
peptide has a reduced cytotoxicity to at least one cell compared to the wild

type hBD3.

An isolated polynucleotide, wherein the polynucleotide encodes at least

one peptide or fragment thereof according to any one of claims 1 to 10.
A vector comprising the polynucleotide according to claim 11.

A host cell comprising the polynucieotide according to claim 11 or the

vector according to claim 12.

A pharmaceutical composition comprising at least one microbial peptide or

fragment thereof according to any one of claims 1 to 10.



15.

16.

17.

18.

19.

20.

21.

22.

19. The pharmaceuti cal conposition according to any
one of clains 14 to 17 or the antim crobi al

W@ i9p0%4392 on according to claim18, wherein theCT/SG2007/000121

conposition is for topical admnistration and is
suitable for treatment of skin and/or nucous
menbrane(s). 20. The phargaceutical conposition
according to any one of clainms 14 to 17 or the
antim crobial conposition according to claim 18,
wherein the conposition is in the form of eye drop(s)
conposition and/or solution. 2 1. A contact |en
Thel phamaccmﬁnpal sm@pmltwrea@@cqsﬁ@gpﬁ%r fataud f‘*cawhefe'n the
O t
erraget i CERBPRIEN o b7 RERE i AL 9 o prental
sdraintstbBonand/ or at | east one peptlde or fragnent

t hereof according to any one of clainms 1 to 10. 22. A
contact lens solution conprising at |east one pol yner

Tﬁ%d?r?érn{f%?ﬁfli%%nqﬁglf&? a%E&‘?{}ﬁ’dg R clefm@W oP1B, Hherein the

ast one maceut i cal corrp03| tion
piearaTatienticdl ¢oammposition is sffonhalazlml fiot adminiptratind byringggction.
| east one antim crobial conposition according to claim
18. 23. A device coating, wherein the coating

ﬂé‘%ﬁgﬁﬁéc@tl&aﬁééhp%@ﬁlolﬁhé’éd@&ﬂ?ttb(‘(ﬂémﬂ 9AT?S1 3, iviterein the

Ing to any one of clains I4 to 17, at | east one
plnﬂmmawutlbalaion@mmﬁlm‘i isi formalaten Enrragnaipisiraiiom byginhalatigp.
| east one peptide or fragnent thereof according to any
one of clains 1 to 10. 24. The device coating

m %\ﬁﬁmm@bbp c6poBTHd, chﬁpflglhg sthieagievhe peptidei cnrgfragmant
di cal device coating. 25. A device coat ed wit

theseo! aemordiogtoramaos siaimey | day'bREIA least Age 7T peptide
88(}”‘@020? gp%%ﬁqﬁw ce according to claim25, wherein the
|

eter, a needle, a sheath, a stent and/or
a dressing. 27. A kit conprising at |east one
'ﬁ?é Iprr1rtlar?rﬁaoctgu%lcallocolor%E)odseltlglr? Ca%E;grldn rgg Eooar?y %ng%? cPeIims 14to 17 or
the antimicrobial composition according to claim 18, 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 14 to 17 or
the antimicrobial composition according to claim 18, 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 14 to 17, at least one antimicrobial
composition according to claim 18, and/or at ieast one peptide or fragment

thereof according to any one of claims 1 to 10.

A contact lens solution comprising at least one polymer and at least one

peptide according to any one of claims 1 fo 10, at least one



23.

24,

25.

26.

27.

28.

29.

claims 1 to 10, at |east one pharnmaceuti cal
conposition according to any one of clains 14 to 17,

wa@paae63at | east one antim crobial conpositi onPCT/SG2007/000121

according to claim 18, disposed in at |east one

suitabl e container. 28. The kit according to claim 27,
further conprising at | ea t one additional

anti m crobi al agent. nmet hod of inhibiting and/or
reducing the growth of at | east one m croorgani sm
conprising contacting the mcroorganismwth at |east
one antim crobial peptide according to any one of
pﬂaamaselltuiab ct@np@ﬁltld)reaa;tcoo@ilgpi@aﬁﬁuc@mﬁ iof a¢laims W4 10 17,

0Si ti nac rdin n
Aol st ang Aepic] aa%cz%ﬁ%lfﬁ%% St fe.
accordi ng to cI ai m 18, al one, i'n conbi nati on vvlth
anot her anti m crobi al agent and/ or antibiotic. r's : ’
Amedérdae ofcorting.bi whatsiandher Goedinei riPeRSasT ok hleast a fone
ost _of [ [

cltpntepfial g ieo i, BEORMAT I, GRERE AR 14 10,17,
|88t &g eﬁtlmmblblél compossifienaacardinggotdaianyt8pae abfeast one
clainms 1 to 10, at |east gne cgharmace tical .10
rantidesarragimenidbpiadh geeerding toARY one Al glaks 14t 117,
and/ or at |east one antim crobial conposition

according to claim 18, alone, or in conbination with
'ﬁﬁ@ﬂbeiceamatmgcaacbrdahg ag@ialrraaal whetgin it device @atingAs a

nmet hof of tre%{.l ng at | east one mcrobial infection
r@gﬁﬁa dPYEe S8RIMG-stering to a subject at |east one

anti m crobi al peptide according to any one of clainms 1
to 10, at |east one pharmaceutical conposition

Acdawcnh nopted witty ableaisbonel eaatingiacaopding anyiena Pf glaims 23

?Aft one antl m cr obi al conposition according to claim
al one, in conmbinati on wi.th anot her

ant| m cr obi aI agent and/or antibiotic. 32. A nethod of
treating at |east one nmulti-dru i st ant
THecevieg asreiing ippirlm 12§ whesein e drYio Ercatiganianpedie.

obi al peptide according to

gﬁ'&/}ggné o?e(gﬁf aari%r@r Q{r(é)%g@ at | east one

- A kit comprising at least one antimicrobial peptide according to any one of
claims 1 to 10, at least one pharmaceutical composition according to any
one of claims 14 to 17, and/or at least one antimicrobial composition

according to claim 18, disposed in at least one suitable container.

The kit according to claim 27, further comprising at least one additional

antimicrobial agent.

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 one of claims 1 to 10, at least one

pharmaceutical composition according to any one of claims 14 to 17,



phar maceuti cal conposition according to any one of
claims 14 to 17, and/or at |east one antimcrobia

W@ 0opa%i3v: on according to claim 18, al one, or P@I/SG2007/000121
conbi nation with another antim crobial agent and/or
antibiotic. 33. The nethod according to any one of
clains 29 to 32, wherein_he mcroorganismis
B. pseudonal | ei , Staphyloé ccus aureus, Escherichia
coli, Pseudononas aer ugi nosa, Bacillus cereus, a virus
and/or a fungus. 34. A drug screeni ng nethod

conprising adm ni stering at |east one anal og of hBD3
and/ar dtrlegaeone ahimiaspbiabcemppsitien am@rdjag to Clairg 18, alone,

o ah GeBtp gt Wit aROYRF APRIORER sbBRERdhr pREERRC, TS

type hBD3. 35. A nethod of designing a peptide anal og
or fra}:ﬁrrent t her eof conpri si del eti ng any [

f
30. Acyethadhef lmwtmaﬁg/oarr?dw@ggdg@ ewiy it ajhost ™ %ﬁ?ue one
t
B 30GeBR e BTSSRIt oos: o
legsi o batimigrobial peptide acaonﬂm@tceanyrdnegofaclahmmdet@ 10, at

cytotoxicity. 36. Th t d t I
et ph A RasticaLoTTaPa o 2ccogiee Rhanbge oF Flaiss 14 to

‘?’77 arTcﬂSr 'a‘f%éét%é’%%hﬁ&oﬁ%‘?%%ﬁ&lﬂdh aﬂdfor@ﬂ% &f claim 18,

use as an antim crobial agent. 38.
a"lbae,l smhatoenblpemn with arothefi anjinicrakig! ageat endiar aniibiofic.
to 9 for use as a nedi canent for topical
adm ni stration and/or for treatnment of skin and/or

31. RUGR&HROHEBI RatiRy - 39|eaEheohéolrﬁntmbuaenhﬂedao@cccrrqﬂrismg
to any one of clarms 1 to 9 for use as an eye dro

aemjyisiering rio zh gpljiect lﬁasb@ne@ﬁtmw&om@lop%@t@lf agcgﬂrfimg to
a@ﬁ? !{gql rqg ﬁg.rﬁ‘é‘w q0€418T af!i8hEE ohe! BharhRLeliREl Fdnfbosition

sol utTton”’
according to any one of claims 14 to 17, and/ot at least one antimicrobial
composition according to claim 18, alone, or in combination with another

antimicrobial agent and/or antibiotic.

32. A method of treating at least one multi-drug resistant microorganism
comprising treating the microorganism with at least one antimicrobial
peptide according to any one of claims 1 to 10, at least one
pharmaceutical composition according to any one of claims 14 to 17,
and/or at least one antimicrobial composition according to claim 18, alone,

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

33. The method according to any one of claims 29 to 32, wherein the
microorganism is B.pseudomallei, Staphylococcus aureus, Escherichia

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

34. A drug screening method comprising administering at least one analog of

hBD3 or a fragment thereof to at least one cell, and determining whether



35.

36.

37.

38.

39.

40.

41.

42.

4 1. The isol ated peptide according to any one of
clains 1 to 9 for use as a device coating and/or a

wore@7aad39zlevi ce coating. 42. The isol ated peptPdESG2007/000121

according to any one of clainms 1 to 9 for inhibiting
and/ or reducing the growth of at |east one

m croorgani sm 43. The is%%ated peptide according to
any one of claims 1 to 97for treating at |east one
m crobial infection. 44. Use of the isolated peptide
according to any one of clains 1 to 9 in the

manuf acture of an antim crobial agent.

theohmaled pepragmeat dbewiofighad @wceﬁecﬂotwgwnéo 1theo 093" 4
n the uf agt medi canment for topical

GQH}R%{?Q?H dﬁ%@?ﬁ?@m treating skin and/or mucous
menbr ane. 46 Use of the isolated peptide according to

any one of clainms 1 to 9 in the uf act ure of
Aslm@th@dr@fo@@?elgangancnecnt'dgoqlw% rmfn m?gb{weﬁhgomp?{lsmg

I
UL AERL S GEE. Ridcng By 2088 o ik By
dthet l@niheohaitiedr mepierdetim: ctbentdaiorﬁgort withngp pmiedfedcpygﬁtﬁme
1to 9 in the manufac of .a ce cqati
iReeas! HEUVSLYS SiRrph, CTONIEG O 6oloand kg rinting'a
Raki4 e @Q&)g&g; ng to any one of clains 1 to 9 in the
manu acYure of” a conposition for inhibiting and/or

reduci ng the growth of at Ieast one mi croorgani sm

|l o i n_cqnbi rg
‘E@%rwétaae/ Ao RO FlaR £ BB MR B & Bfledist one
QQ@hggg;)rdl ng to any one of clains 1 to 9 in the
manuf acture of a nmedi canent for treating at | east one

m crobial infection, alone, or in combination with

RGOS hAbE SR 8Béc?rjd RO An?BAEWr @RiLHAb! & for use as én

antimicrobial agent.
The isolated peptide according to any one of claims 1 to 9 for use as a
medicament for topical administration and/or for treatment of skin and/or

mucous membrane(s).

The isolated peptide according to any one of claims 1 to 9 for use as an

eye drop composition and/or solution.

The isolated peptide according to any one of claims 1 to 9 for use as a

contact lens solution.

The isolated peptide according to any one of claims 1 to 9 for use as a

device coating and/or a medical device coating.

The isolated peptide according to any one of claims 1 to 9 for inhibiting

and/or reducing the growth of at least one microorganism.
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49.

50.
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The isolated peptide according to any one of claims 1 to 9 for treating at

least one microbial infection.

Use of the isolated peptide according to any one of claims 1 to 9 in the

manufacture of an antimicrobial agent.
Use of the isolated peptide according to any one of claims 1 to 9 in the
manufacture of a medicament for topical administration and/or for treating

skin and/or mucous membrane.

Use of the isolated peptide according to any one of claims 1 to 9 in the

‘manufacture of an eye drop composition and/or solution.

Use of the isolated peptide according to any one of claims 1 to 9 in the -

manufacture of a contact lens solution.

Use of the isolated peptide according to any one of claims 1 to 9 in the

manufacture of a device coating and/or a medical device coating.

Use of the isolated peptide according to any one of claims 1 to 9 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 the isolated peptide according to any one of claims 1 to 9 in the
manufacture of a medicament for treating at ieast one microbial infection,

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