PEPTI DE The present invention provides antim crobial peptides. The
invention further relates to pharnaceutical conpositions conprising the
antim crobial peptides and the use of 5 the peptides in the treatnent of,
inter alia, mcrobial infections. One major famly of endogenous

anti bacterial peptides, the beta-defensins, are secreted by the epithelial
cells that line the digestive, respiratory and urogenital tracts of higher
manmal s. They are al so produced by keratinocytes within the skin. Their 10
primary role is to provide an essentggﬁ ih@st | i ne of defence agai nst
infection via these routes by patho 1 gani sns. The defensins are one
of the nost studied classes of antim crobial peptides. This class consists

of cysteine-rich nolecules with three, disulphide bridges, They are 15
found in planihe Pﬁ%@é&@ﬂt%@@‘éﬁsﬁﬂgmﬁﬁéﬁ’ﬁ%lP§Pt1£eﬁ- _ﬁhﬁé{%&l}ﬁ%ﬁ“‘gﬁl A8LES of
defensin are {f BT %n&ﬂo@i‘iioﬁsr %ﬁ@g@ﬁ@éﬂ&%ﬂbﬁialﬁ HBesQhd BRAGEBY and

bonds between the siXx cysteine resi ._The first of "'these classes is the
al pha- def efisi tis pégtides trythebyatmbgtof, ivav e/id géerobigbingréenst r om neut rophi | s
(RNP1-4, human neutrophil peptide) and in the paneth cells of the

gastrointestinal tract (.al pha-defensins.5 and 6)...The second.cl. .20 the
bet a- def ensi n Peé?%oﬁ%%@B??Pﬁ%‘§¥B%§i%§mgﬂ8“gr‘%%%%r§¥§§%g9%$%%%%§%? t he

nucosae Wi t hidrdidaeryant thigkiialcaaahhtiname Kadsatd, papirhies dnbatogknitabtranid/ or
conprise and/or are present within the digestive, regﬁitator

. and .
urogeni tal t r alchigbesmeprpmas.sihgn aronges Progurg ey MeEHRcHEr Eﬁnhthf)shns lilg‘é*’ér et ed
constitutpyel %frizﬁﬁ SR ARR, Retide Q@és@&@ﬁ%s?hineﬁf%&%ncéaéaﬂﬁ%ech&%a@{bge hBD4)

are produced Tn response to infection or inflamuation. 25 hBD2 expression

and secr et i onrduges by pgihyegens dgenfsast erial stinmulation, particularly

flagell ated bacteria (Harder et al, Nature 1997; 387:861) and ILI [al pha]
and ILI [beta] (hnterleukin 1) (Liu et al, J Invest Dermatol 2002; 118;
275-281). | n Shemdefeisdimsate ose b MonrtudicNedasesi of fgiotianbial piptid¢sTNial pha)

and, L popol sscEharice ool oy aleR,dl o, B ol bl AU BT,
agai nst Gram pREAL ¥enbastRl AdSttbuasaksehelndtihansalvo classes of defensin
are found which differ from one another in terms of spacing aﬁd bonds between the
six cysteine residues. The first of these classes is the alpha-defensins (six types) that
have been isolated from neutrophils (HNP1-4, human neutrophil peptide} and in the
paneth cells of the gastrointestinal tract (alpha-defensins 5 and 6). The second class,
20  the beta-defensins, are longer, more basic, and are expressed throughout the mucosae
within the epithelial cells and keratinocytes that line and/or comprise and/or are
present within the digestive, respiratory and urogenital tracts and the skin. hBD1
(human beta-defensin 1) is secreted constitutively and human beta-defensins 2,3 and
4 (hBD2, hBD3 and hBD4) are produced in response to infection or inflammation.
25 hBD2 expression and secretion is triggered by bacterial stimulation, particularly
flagellated bacteria (Harder et al, Nature 1997; 387:861) and IL1 [alpha} and IL1
[beta] (Interleukin 1) (Liu et al, J Invest Dermatol 2002; 118; 275-281). In some
tissue sites, Tumour Necrosis factor alpha (TNF-alpha) and Lipopolysaccharide
(LPS) may also play a role in inducing hBD2 expression. In vitro experiments bave
30 revealed that hBD?2 is active against Gram negative bacteria such as Escherichia coli
(E. coli) and to a lesser extent, Gram positive bacteria such as Swreptococcus

preumoniae (Str. pneumoniae). hBD2 also demonstrates killing activity in vifro



(E. coil) and to a | esser extent, Gram positive bacteria such as
Streptococcus pneunoniae (Sir. pneunoniae). hBD2 al so denonstrates killing
activity in vitro 1 against the yeast Candi da al bicans. hBD3 expression
and secretion is induced by bacterial stimnulation, TNP-al pha and
especially Interferon gamma (1 FNy) which al so have the common property of
bei ng nol ecul es involved in inflamatory processes. 5 In addition to the
potent, constitutive and regulated br oad- spectrun1innate anti m crobi al

protection t Qg@ggh%gy%%ﬁ r},saéy dle é])\c/cgige lese mtﬁjﬁr? QY §SereARHE iddﬂced by

particul ar, e adaptive aria of 'the

i mune r espongRtertaNEAMARi BN ERPLAMk labd %p%@@lﬁﬁin%ﬂfeldﬂ’@hﬂ:ﬁeﬁ(lﬂéﬂdﬁhmh dsccel | s
and nmenmory T-1ynphocytes (Yang et al, Science 1999; 286: 525-528 10

Inportantiy, bavederrommna erpigl beng mgleeulehiayolpet i§ MAEREPH PINEDN| y
provide defence against infection from pathogenic m crobes, but are key in
regul ating and naintaining optinmal density and diversity: of the body's
essenti al £onfendéitionm ©r olx apiotenecotmjsstmm ansiuq:ctgumedt fome-soeriuhie i8EN, and

t hi th t 15 t R
\IMnTrulngI goggg’é’%‘g%r%"?id’r 6‘)“0“14%89[??3 &81‘%50?1:0%1 E %c&%g&aculehslﬂlg 5rTws |\s{ such

that they arepdiaigel MsdRive tiexdtdity & hositise ﬁhelaﬂ@uaé a@g bf e inonoertyoatd ons.
The bet a- defen5| ns have, therefore, been lic ted as ijntl al targets
for therapeut HEaighshemotigtigeTioath g TBmaingg T‘B‘h%e harEely hAYTRIRPYSY or s of

defensins are &taﬁglgpélcﬁléﬂéb@@ bengbngo$o produce in reconbi nant systems 20
resulting in ?ow yi el ds. Mor'edver, evi c}ence is grow ng to suggest that

through their chenotactic actions, beta-defensins are potent inflanmmatory

conpounds ( Ya%%tan@]_ ngéﬁ;‘g & (go%nrl‘%%% c%‘['l?%gt el éef?l%%léu \4@&11 tREdeNQregte al -

I nfl amm Res g Targets

I nflanun Al | ezggins2iRB8tofdN paiﬁ@gbﬂﬂ:&ﬁi)zxob&’sakemw k@ygetlmﬁatmg h%(t@alﬁ&l@m s make
nat ural defensi 1S unsuj table for.the ti.c, appli ca | oL 5

Bet a- def ensi nSPUR% 4§ pigh Ry esily ¢ © ézﬁes%(’dyé %Sm'fer ’}Sgl HigeRia

I mmun. 1997; &BReins, such as those on the skin, and within the gastromtcstmal and gemtai
15 tracts (Ganz, T, Nat Rev Immunol. 2003 3(9): 710-20).

The mode of action of beta-defensins is such that they are largely non-toxic to host
cells at active concentrations. The beta-defensins have, therefore, been implicated as
potential targets for therapeutics for a wide range of infections. However, natural
forms of defensins are technicaiiy challenging to produce in recombinant systems
20  resulting in low yields. Moreover, evidence is growing to suggest that through their
chemotactic actions, beta-defensins are potent inflammatory compounds (Yang et al,
Science 1999; 286: 525-528; Van Wetering et al. Inflamm Res. 2002; 51(1): 8-15;
Niyonsaba et al. Curr Drug Targets Inflamm Allergy 2003; 2(3): 224-231). Taken

together, these factors make natural defensins unsuitable for therapeutic applications.

25  Beta-defensins are also highly salt sensitive (Porter et al., Infect. Immun. 1997; 65(6):
2396-401; Bals et al. J Clin Invest. 1998; 102(5): 874-80; Valore et al., J Clin Invest
1998; 101(8): 1633-42; Goldmann et al., Cell 1997; 83(4): 553-609; Singh et al.,
Proc Natl Acad Sci USA 95(25): 14961-6). For this reason, beta-defensins cannot
provide antimicrobial protection in conditions such as cystic fibrosis wherein,

30  although the respiratory epithelia produce abundant beta-defensins in response to the

2



2396-401; Bals et al. J din Invest. 1998; 102(5): 874-80; Valore et al., J
Cin Invest 1998; 101(8): 1633-42; Goldmann et al., Cell 1997; 88(4):
553-609; Singh et al., Proc Natl Acad Sci USA 95(25): 14961-6). For this
reason, beta-defensins cannot provide antimcrobial protection in
conditions such as cystic fibrosis wherein, 30 although the respiratory
epi thelia produce abundant beta-defensins in response to the 2 persistent
bacterial infections associated with this condition, they are inactive due
to the inbalance in ion tr ort ac t e r

merbr anes thaPIFE§BPW¥gm?%m%ﬁ?8 {48 %ﬁtﬁghtPégg%E?RQH%%%%ﬁB&hB%%F?%cuIar)
and i ncreased tighhBhlaae is eal @bt ac(cB@malrek@nmo@répamiasmmhﬂnesmt@.ms Opi n.
Pul m Med. 2003_Nov; 9(6).:486-91; Davies JC, P dlatr(f no

2004; 26: 147- 811 Inprrased qadion T¢sapiipy éN@thﬂ PRHENEP GP m%%se E\#?f 8%55‘? s that
can be used tg')&x{aﬁﬁgn s &a0Bb Rherl B¢ @1 A0 Win. Phinl NBPIRBE Noviowentons have
identified peptides that, surprisingly, have inproved antim crobial
activity oﬁer[haﬁuﬁélP@@ﬁeﬁémn@ﬂSAm@o$Hﬂﬁ§]ﬁagd first aspect of the
invention, there is provided a peptide conprising from3 to about 200 D
and/or L anino acids, which may be the sanme or different, 15 wherein the
am no acids are selected fromthe group consisting of hydrophobic am no
aci ds and/ or Fhtreaini z requimmerEs idtbseforth éopbpthid agautsy thebwpr ibseusgd tto tatsbut 100
D and/or L am no a_ %F for exanple 3 to 50 amino acids D and/or L am no
aci ds i ncl udMgeF 4 BEERSG 50 D and/or | amino acids. 20 The peptides of

the invention are useful, inter alia, in the treatment orpzevention of
m crobi al infections rt her ct of the |nvent|0ﬂgyhere |sd
provi ded &°peptf @éese%n’ﬁm?lﬁg%w%ﬂ PeRidsE dha R S0 HEVE SPRIVET 1 25

((Xy)I(/ P antimicrobia activity over natural defensins.

According to a first aspect of the invention, there is provided a peptide comprising
from 3 to about 200 D and/or L amino acids, which may be the same or different,
15  wherein the amino acids are selected from the group consisting of hydrophobic
amino acids and/or cationic amino acids. The peptide may comprise 3 to about 100
D and/or I amino acids, for example 3 to 50 amino acids D and/or L amino acids

including 4 to about 50 D and/or L-amino acids.

20  The peptides of the invention are useful, infer alia, in the treatment or prevention of

microbial infections.

In a further aspect of the invention there is provided a peptide comprising amino
acids according to the formula L:
25
(EN(Ym)a @)

wherein | and m are integers from 0 to 10, for example 0 to 5; n is an integer from 1
to 10; X and Y, which may be the same or different, are an amino acid selected from

30  the group consisting of hydrophobic amino acids and/or cationic amino acids.

Ll



YYmn (1) wherein | and in are integers fromO to 10, for exanple 0 to 5; n
is an integer froml to 10; X and Y, which may be the sanme or different,
are an amno acid selected from 30 the group consisting of hydrophobic

am no acids and/or cationic amno acids. 3 In a preferred aspect of the
invention, the peptide conprises from3 to 200 amno acids, for exanple 3,
4, 5, 6 or 7 up to 100 amno acids, including 3, 4, 5, 6, or 7 up to 20,
25, 30, 35, 40 or 42 amno acids. 5 The peptide according to the invention
may conprise 100 tg 200 am ng _acids, 27 to 100 am.no .aci 86 am no
acids, 7 to 2@*&H¢%ﬁeg@ﬂﬁ§t8fﬂ§lPﬁmE%L§W?H%ﬁIEfggpﬁmﬁﬁgTészgeé§€ gmpeptides
conprise 3 to,dh AMeRnASEAS, 5, bok 7eparPi®aBinbacids dntinding 30, ds6, k0 Um a
further preferred aspect, the peptides of the further conprise one or nore
cyst ei ne resi@#8s25, Bor3Sekdnptleamipe #¢89% cyst ei ne residues, such as 1, 2, 3,
4, 5 or 6 cysteine residues. 15 In a preferred aspect of the invention,
there is provided a peptide conprising amno acids according to the

Formul a 115 C{{e{eb(idd mcordie(t)the inyention iy cROpvketd®) ta 200 aminoyacidsi heto 1, n
and mare an jpteger fro 10;: and-X and .Y ' | he sanme or

di fferent, argﬂﬁﬁgﬂ%?ﬂ%°gégﬁ&ggwg%?@%’?Fﬁgf?ﬁgbaﬁg%%hyggg¥gtﬁﬁ%ngf

hydr ophobi ¢ am no acids and/or cationic amno acids. In a father preferred
aspect of the_ invention, the peptide conprises ni$o aciqs3 25 accq;ding to
the Formul a |Tmefeadly Sep | HEnsidhs, coBLEsy |t niﬂ}lfoéﬂadﬁé) O(W%P&((Bz?ﬂ(a%“},,)o C
(111) whereipyf X Y, 1, in and n are as defined herein. 30

10

fn a further preferred aspect, the peptides of the further comprise one or more
cysteine residues, for example up to 6 cysteine residues, suchas 1,2,3, 4, Sor 6

cysteine residues.

15 In a preferred aspect of the invention, there is provided a peptide comprising amino

acids according to the Formula II:

C((X)I(Y)m)n C((X)I(Y)m)n (H)

20  wherein C is cysteine, 1, n and m are an integer from 0 to 10; and X and Y, which
may be the same or different;"gre an amino acid selected from the group consisting of

hydrophobic amino acids and/or cationic amino acids.

In a further preferred aspect of the invention, the peptide comprises amino acids

25  according to the Formula I

C((X)I(Y)m)n C((X)I(Y)m)n C((X)I(Y)m)n C((X)J(Y)m)n C (Hl)

wherein C, X, Y, I, m and n arc as defined herein.

30



4 In a yet further preferred aspect of the invention, the peptide conprises
am no acids according to the Formula IV C((>)1(=1mn C((X)1() )n

C(XI()mn C(X)1(YYmMmn CC (IV) 5 wherein C X, Y, I, mand n are as

defined herein. Since the peptides of the invention are sinpler in
structure that natural beta- defensins, they are sinple and efficient to
produce. The peptides are also 10 substantially salt insensitive and are
not hepat ot oxi c. Moreover, their node of action, being physical rather than

metabolic (i.e. direct nmepbrane disruption. versus .targetin ents of
vital netabolP@ Bﬁéf%ﬁlﬁyglffégﬁg H?Pﬁi"-s‘géf,ﬂo Hpeniiop. the PERIICS §pT P???é%“%‘?’g%%i lity
that target mncesaReso gRkoHRMENPVP resistance to these antimcrobial agents.

15 As known to the skilled person, am no acids can be placed into different
cl asses depending primarily upon the chem cal and physical properties of

the amno acid si iyN e 1 S0 1 i ds e generall
considered to be gggﬁ)ggﬁ’i‘)ll P&@*@%‘%ﬁmﬁoéag%‘?ﬁ% ot r@ps gre g

consi dered to be hydrophobic or nonpolar am no acids. As used herein, the
1ﬁefer to am no 20 acids having a

terns "hydrophobi.c” "cationic” )
hydr ophobi ci t et‘%f:’%gqglr’ghﬁné@ﬁr%%sn&glﬁe({e U4l" to -1.10 and/or a net charge
that is greater than or equal to O as described in Fauchere and Pliska But.

J. Med Chem_10:39 (1983). A hydrophobic or nonpol ar am no ‘ﬁgi db may al so
refer to an HRfen&icabsrddeael dbe 2venid arafPlRar SECH A Judirg bet

physi ol ogi cal jksint haley! SreNGnplP Gharl eBBR hAl prbducde M@k aptideLRed laed by
aqueous solution. 25 I% a preferred aspect of the invention, X and/or Y are
sel ect ed 10r ormbsietighpuplt dhsensifier ephetsi eotahfpaivtonts dMaerishShehgSF Yl yci ne,

| euci ne phenyalcﬁéz?.%'eﬂz%’ ‘hgsfi? D6 ] ARERSc (E.E.y(ﬁfegtpllil@xﬂbra}{@hfsﬁ?ziod sqlguci ne,
nmet hi oni ne, tyrosine an reoni ne, and/ or the group of cationic am no

aci ds consi stthmpgtigf componehs e yithinsttitdlin @athaeys) nménaed if ygimles out, the

probability that target microbes can develop resistance to these antimicrobial agents.

15  As known to the skilled person, amino acids can be placed into different classes
depending primarily upon the chemical and physical properties of the anino acid side
chain. For example, some amino acids are generally considered to be hydrophilic or
polar amino acids and others are considered to be hydrophobic or nonpolar m@o
acids. As used herein, the terms “hydrophobic” and “cationic” may refer to amino

20 acids having a hydrophobicity that is greater than or equal to —1.10 and/or a net
charge that is greater than or equal o 0 as described in Fatichere and Pliska Eur. J.
Med Chem. 10:39 (1983). A hydrophobic or nonpolar amino acid may also refer to
an amino acid having a side chain that is uncharged at physiological pH, that is not
polar and that is generally repelled by aqueous solution.

25
In a preferred aspect of the invention, X and/or Y are selected from the group of
hydrophobic amino acids consisting of glycine, leucine phenylalanine, proline,
alanine, tryptophan, valine, isoleucine, methionine, tyrosine and threonine, and/or the
group of cationic amino acids consisting of ornithine, histidine, arginine and lysine.

30 X and/or Y may be D or L-amino acids. Moreover, X and/or ¥ may be alternating

amino acids.



30 X and/or Y may be D or L -amno acids. Mreover, X and/or Y may be
alternating amno acids. 5 The invention al so includes known isoners
(structural, stereo-, conformational & configurational) and structural
anal ogues of the above ami no acids, and those nodified either naturally
(e.g. post-translational nodification) or chemcally, 5 including, but not
excl usi vely, phosphoiyl ation, glycosylation, sulfonylation and/or
hydr oxyl ati on. I n general, the peptides of the invention do not include the
am no acids aspartic acid, glutamc acid, asparagine, glutam ne or serene,
but certain peptides of the invention 10 may have activity even though
these am no agjdgvaltRnIRSBBludesT R vRERbINEE Istfctd-hle sicrvog niohfanmarkypali &cl ude
one or nore additional amno acid residues adjacent to one or both of the
term nal cysteinfisvpiaehuas srudaplnanedogues of |the gpovy gmirogAcgsy AR 18O he

pepti des rmyarﬁgcﬂﬁéd S&thtP Rué;lﬂ'} Séegr pgg%-atgipélgti&;ai %TlOCﬁﬁGBﬂiOI_])S_!OI' Behekicallp, 8, 9 or

10) addition amno acid resird Preferably, the additional am no acids
are non- ¢y stietlnding,elsit e sxclidively, phesbbeabliyn. glivesdaiin sofayiatg asleci ds are
X and/or Y. | ..adg}tion, the ami no acid sequence of a peptide can be

modi fied so a84%Y k?ﬁlt in a peptide variant that includes the
substitution of at | east one amno acid residue in the 20 peptide for

anot her am ng aci d residue in@luding substitutions that . tili§e th D
rather than Unesnsil Ba@erfidenst Be dpvepting Jogut dfpdle ghe 4pigo 683% L A e
exchanged f or,1aaRtdR%d, LeRIART glutBNRABCRAE, i 8&@HY Befiides bf Bt ageftiin
activity of the peptide.” Such &a variant can have, for 25 exanple, at |east

about 10%bf muehaye edtbify eudn thendhvhesy aginotapials ggrressPondi ng non vari ant

pepti de. Conservative am no acids are often utilised, i.e. substitutions of
am no acids with simlar chem cal and physical properties as descri bed
above. Hence, Tieopeptidenpl ehe domstdmyaky vecladr noe acimors ddsitionalt dmoine agiy

i nvol ve exchanging .30 |ysine for arginine, onuthi _ bosh i SN g
exchangi ng orfggwﬂfg Iaglﬁﬁ%?/ocor&rﬂx rlPB{ha%it terminal ¢y DS @t oﬂoﬁ{lﬁlgll , Hi or
IV, for example, the peptides may comprise up to 10 (for example 1, 2,3, 4, 5,6, 7,

15 8,9 or 10) additional amino acid residues. Preferably, the additional amino acids are

non-cysteine residues. More preferably, the additional amino acids are X and/or Y.

In addition, the amino acid sequence of a peptide can be modified so as to result in a
peptide variant that includes the substitution of at least one amino acid residue in the
20  peptide for another amino acid residue, including substitutions that utilise the D

rather than L" form.

One or more of the residues of the peptide can be exchanged for another to alter,
enhance or preserve the biological activity of the peptide. Such a variant can have, for
25  example, at least about 10% of the biological activity of the corresponding non-
variant peptide. Conservative amino acids are often utilised, i.e. substitutions of

amino acids with similar chemical and physical properties as described above.

Hence, for example, conservative amino acid substitutions may involve exchanging

30 lysine for arginine, ornithine or histidine; exchanging one hydrophobic amino acid



6 for another. After the substitutions are introduced, the variants are
screened for biological activity. The peptide may conprise at |east 4

am no acids, for exanple, between 4 and 50 5 amino acids, or 4 and 50

am no acids, such as between 20 and 45 ami no acids such as 20, 25, 30, 35,
40, 42 or 45 amno acids. In a preferred aspect of the invention, X and Y
are the sane and are leucine or glycine. 10 In a further preferred aspect
of the invention, X is leucine and Y is glycine. In a further preferred

aspect, X and_Y are the same and are |ysine or, arginine. oD

i nvention pro®i éﬁll%eéﬁﬁﬁzgﬁ %‘gﬂS‘é@fl‘é‘E ?l\gdﬁtl‘%ﬁfi-’ ﬁg‘?;\/’%rilaﬁlgs, a%g# f/c-c 'g-dl I?srl ne,
poly-L- 15 aqﬂm&%aga&nqypoly-D-arginine. In a yet further preferred aspect,
X is lysine and is arginine. In the peptide of the invention 1 and m may
be 0, 1, 2, 3, 4, 5, 6, 7, 8 9 or 10 and n 20 maybe 1, 2, 3, 4, 5, 6, 7,

8, 9 or 10. lLp._the.pepti fi ool ' 1 . YeaBink. bBwBY4had Foand in
maybe betmee&ﬂfJgﬁg&b?é§g§?8%¥gﬂgﬁg?xﬁgﬁgggﬁé%gajz, g,‘Gh 7, 8 or 9. 25 1In
the peptide ofnithaidsnvehtridoi® dyinnaadslfuoh asberargenold) dndriiarying ackl§quab. asf or

exanple, 1, 3.4 0or 5. Preferably.the peptide is acyclic. The peptide
may be straiéﬁ%2§ﬁ§¥ﬁ%ﬁ&ﬁ?é?5%?ﬁ%5¥¥mﬁr branched. 30 7 The term "peptide"

as used herein neans, in general terns, a plurality of amno acid residues

j oi ned t th b tide bonds, It i i nt h bl d th
Jsglrrgeas ggleyﬁg;ﬁ pié@?rgqg@g}?ﬁ%bpg?lw_sinventiog,s}(uasn lea?e %{ecsa%l%ggnad ard 1&1ne B3NS €

glycine.
10

In a further preferred aspect of the invention, X is leucine and Y is glycine.

In a further preferred aspect, X and Y are the same and are lysine or arginine. Thus
the invention provides peptides selected from poly-L-lysine, poly-D-lysine, poly-L-

15  arginine and poly-D-arginine.
In a yet further preferred aspect, X is lysine and Y is arginine.

In the peptide of the invention 1 and m may be 0, 1, 2,3,4,5,6,7,8,90r 10 and n
20 maybel,2,3,4,56,7,8,9o0r10.

In the peptide of the invention ] may be 1, nmay be 1 and m may be between 4 and 9,

for example, m may be 3,4, 5,6, 7,8 or 9.

25  In the peptide of the invention 1, n and/or m may be between 1 and 5, for example, 1,

2,3,40r5.

Preferably the peptide is acyelic. The peptide may be siraight chained i.e. linear, or
branched. |
30



5 I n one enbodi nent of the invention, the peptide conprises an am no acid
sequence selected fromthe group consisting of:
CCEEEEECEEEECEEEEEEEEECEEEEEECC (i) 10 CLLLLLLALLLCLLLLLLLLLCLLLLLLCC
(i) cCcLaaecaadclaaaacaEace (i)

CRKRKRRCRKR- KCKRKRKRKRKCRKRKRKCC (iv) 15 KKK (v) KKKKKKK (vi) 20 RRR
(vii) RRRRRRR (viii) In a further aspect of the invention, the peptide
conpri ses at | east one of the amno 25 sequences (i) to (viii) and

addi ti onal no aci.d L s;due dj r t t r a
cyst el ne- oot BURER THhEE £45% BPHATRAL: S TuRRE Prop By i ISR ¢ 1
provi ded a peﬁtsﬂdd@; J@@ﬁ@tdoﬁﬂmgsya;mpam Banda.c ttds a&duﬂmha@edxtémledmfsanm&hq he

am no acid sequences shown jn Figure 1. 30 The peptides of the invention
general ly are&§VﬁFW8§Pﬁ“ EﬁWiﬂﬁg”lThe peptides may be isolated, purified
pepti des or variants thereof, which can be synthesised in vitro, for 8
exanpl e, by a solid phase peptide synt hetic_met hod, by enzyne catal ysed
peptide synthewesndodisanhof the inyieatiart trearcatds SREFIISENGAL TBIER Retdogyenag

identify actiy 1 |httle or no undesired toxicity for
manmal i an 6306%31 %éﬁﬁgﬁ n%%g %es or libraries of peptides, can be
made and the i ndi vidual peptides or peptides fromthose |ibraries can be
screened for i m i Vit i ciLty, inclugjng, but not
limted to, aﬁgﬁHﬁééﬁaegﬁéﬁééééqqgégg9%&%@%%, eﬂnip&%tozoal

anti-parasitic activity and toxicity 10 The peptides of the invention can

exist in different forns ch flee acids, free ..

10 CLLLLLLCLILIL LCLLLLLLLLLCLLLLLLCC (i)
CLGLGLGCGLGLCLGLGLGLGLCGLGLGLCC (iii)
CRERKRRCRERKCKRKREKRKRKCRKRKRKCC (iv)

15
KKK (v)
KXEKKKK {vi)
20 RRR (vii)
RRRRRRR (viii) |

In a further aspect of the invention, the peptide comprises at least one of the amino
25  sequences (i) to (viii) and additional amino acid residues adjacent to one or both of
the terminal cysteine residues. Thus, in a further embodiment of the invention there
is provided a peptide comprising an amino acid sequence selected from the amino

acid sequences shown in Figure 1.

30  The peptides of the invention generally are synthetic peptides. The peptides may be

isolated, purified peptides or variants thereof, which can be synthesised in vitro, for



bases, esters and other prodrugs, salts and tautoners, for exanple, and the
invention includes all variant fornms of the conpounds. Thus, the invention
enconpasses the salt or pro-drug of a peptide or peptide variant 15 of the
i nvention. The peptides of the invention may be adm nistered in the form of
pharmaceutically acceptable salts. The pharmaceutically acceptable salts
of the present invention can be synthesized fromthe parent peptide which
contains a basic or aci di c m)i ety by 20 conventional chem cal nethods.
General ly, such s ared n fIes [ base
forms of thesé*p8 tl}J m% cE%m c 9}én %?egﬁéghgﬁn?%g?e (tgaﬁgy@gé)g]?tg%ri ate
base or acid gyﬂth@@s@fmaﬁhe aldaﬂr@bglamwm\z@mologn in a mxture of the two;
general ly, nonaqueous nedia |like ether, ethyl acetate, ethanol,

i sopropanol, or acetonitrile are preferred. Lists of suitable salts are
found in Rem"ﬂg}d%ﬁ‘txﬁ a%§vé3 ﬁ%ﬁﬁ@s‘:ﬁh@ h&@lliﬁﬁ%ﬁ'ﬁﬁﬁrﬁi@s&&i fxRHy forMagkmiBubl i shi ng
Conmpany, Easton, . 1418, the disclosure of which is hereby
i ncor por atsed ct@ils rlefﬂleﬂeﬁcl@pﬂ@eOlall’@@riCSS‘@%}Pﬂptlé‘!S sin begade aphHgHBEK YA

Phar maceuti cal | ts Pro rtle e Ko fi ca

Cni i o Act a BRIV &y SRR sb B St e Red i s EhIABLRL AL

phar maceut i Cadnﬂytoatcﬁg,pﬁﬁhldm@alhﬁmcﬁf linfted dbsehtifsegh], pephitded, whéyitdln t he
parent conpound is dified b in ci.d, or base salts 9 thereof for
exanpl e t he ﬁﬁ%?ﬂlggn%’l“ TG Cd’ﬂ“é‘tys"glfj?@‘ '8Pt he quaternary ammmonium salts
which are forned, e.g., frominorganic or organic acids or bases. Exanpl es

of such acid addl tion salts include acetate, adipate, i nat spartate
benzoat e, 10 beHearresdistaribg Evenion gaparet ihdiflgreat &ormg; ?”rcgtaé Teg A6F

camphor sutf ONaL&,; el aﬂaq&a?}eg oiis Aot llicanabR, mﬂﬂﬂ@ﬁ%bﬁt&ﬂnf ate,

et hanesul fonate, "fal nara ucohept anoat e, gl ycerophosphat e,
heni sul f at e, lhdpdealaba:amntﬁemanf)&m@ompmldii ochl ori de, hydrobrom de,
hydr oi odi de, 2-hydroxyet hanesul fonate, |actate, nmaleate, malonate,
met hanesul f onat e, 2-napht hal enesul fonate, nicotinate, oxal ate,

Thus, the invention encompasses the salt or pro-drug of a peptide or peptide variant

15 of the invention.

The peptides of the invention may be administered in the form of pharmaceutically
acceptable salts. The pharmaceutically acceptable salts of the present invention can
be synthesized from the parent peptide which contains a basic or acidic moiety by

20  conventional chemical methods. Generally, such salts can be prepared by reacting the
free acid or base forms of these peptides with a stoichiometric amount of the
appropriate base or acid in water or in an organic solvent, or in a mixture of the two;
generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in Reminglon's

95  Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, Pa., US,
1985, p. 1418, the disclosure of which is hereby incorporated by reference; see also
Stahl et al, Bds, “Handbook of Pharmaceutical Salts Properties Selection and Use™,
Verlag Helvetica Chimica Acta and Wiley-VCH, 2002.

30 The invention thus includes pharmaceutically-acceptable salts of the disclosed

peptides wherein the parent compound is modified by making acid or base salts



pal noate, pectinate, persulfate, 3-phenyl propionate, picrate, pivalate,
propi onate, 10 succinate, tartrate, thiocyanate, tosylate, and undecanoate.
Base salts include anmmniumsalts, alkali metal salts such as sodi um and
potassiumsalts, alkaline earth nmetal salts such as cal cium and nagnesi um
salts, salts wth organic bases such as dicycl ohexylam ne salts,

N- et hyl -D-gl utam ne, and salts with am no acids such as arginine, |lysine,
and so forth. Also, the basic nitrogen cont ai ni ng groups nmay be 15

guat er ni zed nts as et hyl,
e 2 an g o B AR R BhuntiER Rnfbios Mol ORy teDaA% LI | S0
di methyl, di efahy bvhichGidfsbniéd, eqndiod &fo[@éﬁuc%loﬁ@h&%mds@n@as@haﬁmnh}‘&m ades such
as decyl, | auryl ristyl and, stearyl chloride brom deﬁ%ag nz%agdl des,

|
aral kyl hal i dw&h 3¢} a%H%l Y 158l dpchKle naqo. 2l EE GnFPRYE 'Sal ts of

car boxyl groups, ok« AcRap! 'Egﬁtlﬁ{c PERYdafe Eﬁraieanéanﬂfhoiaﬁﬁ icAMESIkduoRnamy be
prepared in the usual manner by contacfing t he peptide with one or nore

equi val entss ayfloperdaspropignisas aigueohatas doﬁwlsébfﬁﬁple@aﬂ%ﬁu}f@taéﬁal ﬁ%naW‘ar OXI de
base, e.g SOdlhﬁjc%le Q%%%‘%XI d ceg'?l%ts atc-:car c?ﬂl%l?atcp r l?l' [gt?lﬁ at fe:HGdle for

exanpl e, sodium<c Jonat e carbon or 'an base suc for
exanpl e, tri aydychitite, Hytiobidnadgl aalsrdmmdmandzﬂnn&okydﬂemeﬂ\ﬂfawnt deqtatuzatl ves

of an am no gr of the peptide ar vetid_vri ts of .the  inv ion nay
be prepared b'?glﬁaf? o] 18] OHﬂQaWG%(L O%EOFZ@WPE‘&&% Salgorgl:e’ Jigogpatpn & ‘J#érial
condensat i on,paGhoddy, ek, i d@‘@mﬁa@r gtlﬁ@ﬁﬁpkog HonatelPpiotaes tfehl AL Iﬁlﬁplaﬁ&td o acyl
derivatives nmay be prepare for exa y acylation of a fre dédroxy

peptide of0 BOCHRAI BEIARSTPCYTRIChdpsYAES | 2nd BRkaPalse BFF 8K HH"Ysi ng
st andar d acy'a@%ﬁnggﬁ cagenks; mSHEQIRSuACK bodidh Iag@ﬁota@mhmng Céﬁéhn@é‘e)‘th

i m dazol es The 1 nvention includes prodrugs for the active
phar maceut i cahetslpraiis eschofs dalvénm Bndlemerishen spiepealidesh frgrniekaspreEhiat whi ch

one or nore fcf“' oycf exy{flaxmgc S8 N—mcﬁhﬁ 9 Eﬁl%x%ge and salts with amino acids such as

arginine, lysine, and so forth. Also, the basic nifrogen-containing groups may be
15  quaternized with such agents as lower alkyl halides, such as methyl, ethyl, propyl,
and butyl chloride, bromides and iodides; dialkyl sulfates like dimethyl, diethyi,
dibutyl; and diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and
stearyl chlorides, bromides and iodides, aralkyl halides like benzyl and phenethyl
bromides and others.
20
Salts of carboxyl groups of a peptide or peptide. variant of the invention may be
prepared in the usual manner by contacting the peptide with one or more equivalents
of a desired base such as, for example, a metallic hydroxide base, e.g sodium
hydroxide; a metal carbonate or bicarbonate such as, for example, sodium carbonate
25  or bicarbonate; or an amine base such as, for example, tricthylamine, triethanolamine

and the like.

N-acyl derivatives of an amino group of the peptide or peptide variants of the
invention may be prepared by utilising an N-acyl protected amino acid for the final
30 condensation, or by acylating a protected or unprotected amino acid. O-acyl

derivatives may be prepared, for example, by acylation of a free hiydroxy peptide or

10



or derivatised but can be converted in vivo to the functional group, as in
the case of esters of carboxylic acids convertible in vivo to the free
acid, or in the case of protected anines, to the free am no group. The
term"prodrug,” as used herein, represents in particular structures which
are rapidly transformed in vivo to the parent 10 structure, for exanple, by
hydrol ysis in blood. A thorough discussion is provided in T. H guchi and
V. Stella, Pro-drugs as Novel Delivery Systens, Vol. 14 of the A C S
Synposium Series, Edward B. Roche, ed., Bioreversible Carriers in ug

Desi gn, Anerepiide PHar Fabarcylaim mey g"ch‘é’fl‘? ﬂutéﬁ’&gﬁ@iﬂgﬁ%ﬁﬂﬁp& g%”%@?»?; H
Bundgaard, ed i : 18 andl@88ke.and Judki ns, et al.

Synt heti c Cocr%'%'}ﬁlrldlgggf}d?%iﬁ(gs’ ﬂfg&lizdg%%%l%%%@ise? (1996), each of which is

i ncorporated herein by reference. Prodrugs therefore include drugs having a
functional gr.Qup. which has been rapsft, ' rsi seplevati ve

t hereof . Typi ¢4l 1’V?m’§’ﬂcﬁm%9%sdphog%&g§?%§ i@% ﬁg}(éo?ﬁ}n%gﬁf%&%%e%aeg{e?ve drug by
hydrol ysi s. AssexadpipBges Ry chanie it whinkednd drenor@ Gurktesiabgiongs arFpietscicdnal

G oup Reversibl e derivative Car box%i: jc.acid E ters, i ncl uding e, 4. ¢
acyl oxyal ky| gedyadisedzbit qasbe apaHe mpdPdp dhe THETE Hg e 35" SGrfates and
phosphat es ag. ! br cS:G8E Reny lcbgvedgildl seshers Waitne 28, desy thacsandt es,

i mnes, enam nes, Boronic acid Dol ester Carbonyl (aldehyde, .im.nes,
oxhnes. acet gireftket amiics.ciadhe dige@mino grsponb)e BXAZBINHM e W55 1%z oxol i d
nes 11 Prodrugs._al I e ;@Q&] . i : d bhevatthy garéiktug by an
oxi dative or 1gprr(fé:" ﬁ%?lf” b%ﬁlﬁlg%csttri%gﬁgg exag%h?bg{sh; hrr%%}s%t%enenti Qned:_paC)(j dative
activati o 5 striktu@nfbr Oxantida | tyyliydtolieis in blood. A thorough discussion is provided in

T. Higuchi and V. Stella, Pro-drugs as Novel Delivery Systems, Vol. 14 of the A.C.5.
Symposium Series, Edward B. Roche, ed., Rioreversible Carriers in Drug Design,
American Pharmaceutical Association and Pergamon Press, 1987; I Bundgaard, ed,
Design of Prodrugs, Elsevier, 1985; and Judkins, et al. Synthetic Communications,

15 26(23), 4351-4367 (1996), each of which is incorporated herein by reference.

Prodrugs therefore include drugs having a functional group which has been
{ransformed into a reversible derivative thereof. Typically, such prodrugs are
transformed to the active drug by hydrolysis. As examples may be mentioned the

20 following:

Functional Group Reversible derivative
Carboxylic acid Esters, including e.g. acyloxyalkyl esters, amides
Alcohol Esters, including e.g. sulfates and phosphates as well

as carboxylic acid esters

Amine Amides, carbamates, imines, enamines,
Boronic acid Diol ester

Carbonyl (aldehyde, Imines, oximes, acetals/ketals, enol esters,
ketone) oxazolidines and thiazoxolidines

11



Oxi dati ve deam nation N- oxi dati on Epoxidation 10 Reductive activation
Azo reduction Sul foxide reduction Di sul fide reduction Bioreductive

al kylation 15 Ntro reduction. Also to be nmentioned as netabolic
activations of prodrugs are nucl eotide activation, phosphorylation
activation and decarboxyl ation activation. 20 The use of protecting groups
is fully described in 'Protective Goups in Oganic Chemstry', edited by
J WF McQrmie, PlenumPress (1973), and 'Protective G oups in Organic

nt hesi s', 2p\ [ Lyl SRt o LE G Zive W 8 %o leegice
(1001 25’ TrIGuEy MiP et e SRR B e ey b e P

al t hough pr otedtctide red@ionv At bxeagplofmayie ndesonddbed pepti des may not possess
phar macol ogi cal activity as such, they nay be adm ni stered, for exanple
parenterally or orally, and thereafter netabolised in the body to form
conpounds whi ch gsgapRarssaesigegi cally active. Such derivatives are

t herefore exanples of "prodrugs". Al prodrugs of the described 30
conmpounds fr e i ncl utiedi-@nd B Acallpdatisbope of the invention. 12 A further
aspect of the inventiegn. provides a pharmaceutical conposition conprising a
pharmaceutical ly effectiVve anount of at |east one of the pepti des of the
invention, or tw or Na@figatdinf f erent peptides of the invention. 5 These

pepti des al so include_a pharmaceutically acceptable carrier, excipient or
o Epoxidation

10 Reductive activation
o Azo reduction
¢ Sulfoxide reduction
¢ Disulfide reduction
e Bioreductive alkylation

15 ¢ Nitro reduction.

Also to be mentioned as metabolic activations of prodrugs are nucleotide activation,

phosphorylation activation and decarboxylation activation.

20  The use of protecting groups is fully described in “Protective Groups in Organic
Chemistry’, edited by J W F McOmie, Plenum Press (1973), and "Protective Groups
in Organic Synthesis’, 2nd edition, T W Greene & P G M Wutz, Wiley-Interscience

(1991).

25  Thus, it will be appreciated by those skilled in the art that, although protected
derivatives of the described peptides may not possess pharmacological activity as
such, they may be administered, for example parenterally or oraily, and thereafter
metabolised in the body to form compounds which are pharmacologically active.
Such derivatives are therefore examples of "prodrugs”. All prodrugs of the described

30  compounds are included within the scope of the invention.

12



di luent. The phrase "pharnmaceutically acceptable” is enployed herein to
refer to those conpounds, naterials, conpositions, and/or dosage forns
which are, within the scope of sound nedical judgnment, suitable for use in
contact with the tissues of 10 human beings or, as the case may be, an

ani mal w thout excessive toxicity, irritation, allergic response, or other
probl em or conplication, commensurate with a reasonable benefit/risk
ratio. The peptides of the invention are useful, inter alia, as

antim crobial peptides, for 15 exanple, against bacteria, fiungi, yeast,
parasites, protozoa and viruses. The term "antim crobial peptide" can be
used herein tg fd&fel Beamt tmﬁimbérdﬁntpha/ﬁdebaqahamiwe@iohlcxjod@bsia'md¢anprising

m crobi static activity and_enconpasses, non excl |ve q¥ P-Bonde
descri bed as hBRAReaiqally sHet BRG] A qaﬁi‘rﬂj’ﬁl"ft %fa;é%f CGIvet

anti-parasiti 5'}twogpﬁlble%f?ér%%iatadeé-ﬂﬂhelev'éﬁthon anti-i nf ectious, o
anti-infective and/or germcidal, algicidal, 20 anpebicidal, mcrobicidal,

bacterici (®)dal, fungicidal, para5|t|C|daI prot ozoaci dal, protozoicida

properti es. hﬁge plelifch ST AR LT é}ﬁ{acgﬁl% s&e@?mp&w& acgaediag to the

i nvention for Sdi‘Caren des the invention may have
appl i cation agluait Mht Ghoké &bharﬂ&mgmlywcbmthle”mswnmboyaddleeexn ¥ veder ton a

preferred aspect, the ipventio rovides th e of a ding to
the inventi oHOJerFompaT nHPE@FGr mﬂwmﬁmﬁ%dwggﬁéﬁﬁg?g?‘%reap?%b g%%{croblal
infection. 13yB¥copBlofiQRtahedidf RRILIER, sdiSbRE&Nscan cmﬂflce&hthahe camssed by a
bacteri al, paraS|P protozoan, viral or fungal pathogen §1 hogen" is

general | lejefhW 'J&%lg&ﬂ’y as e SaRTBAYCREw 3T ﬁ@mélr@jlél?ﬂ“éﬁ*fc"@“f& B%EE‘[“eFrl“ *%at hogen

may be derived, Cg{ljaol%sg?onpea%} gﬁlhxa}%oﬁgﬁcdl e8mPIRla86E, @ImieRM kD &8 QeRonadRNSI St i Ng
of : St aphyl ococ t aphyl ococcus aureus, Staphyl ococcus

epldern2|d|s¥xﬁﬂﬂémb¢ﬁm@us spp., e.g. Enterococcusfaecalls
St r ept ococcuspyogenes; Listeria spp.; Pseudonobnas spp.; Nycobacterium
spp., €.g. Mycobacterium

The peptides of the invention are useful, infer alia, as antimicrobial peptides, fox

15  example, against bacteria, fungi, yeast, parasites, protozoa and viruses. The term,
“antimicrobial peptide” can be used herein to define any peptide that has
microbicidal and/or microbistatic activity and encompasses, non-exclusively, any
peptide described as having anti-bacterial, anti-fungal, anti-mycotic, anti-parasitic,
anti-protozoal, anti-viral, anti-infectious, anti-infective and/or germicidal, algicidal,

20 amoebicidal, microbicidal, bacterici(o)dal, fungicidal, parasiticidal, protozoacidal,

protozoicidal properties.

Thus, the invention further provides a peptide according to the invention for use as a
medicament. The peptides of the invention may have application as antimicrobial

25  agents both in vivo and ex vivo.

In a preferred aspect, the invention provides the use of a peptide according to the

invention in the manufacture of a medicament for treating a microbial infection.
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tubercul osis; Enterobacter spp.; Canpyl obacter spp.; Salnonella spp.;
Streptococcus 10 spp., e.g. Streptococcus Goup A or B, Streptoccocus
pneunoni ae; Hel i cobacter spp., e.g. Helicobacter pylon; Neisseria spp.,
e.g. Neisseria gonorrhea, Neisseria neningitidis; Borrelia burgdoiferi;
Shigella spp., e.g. Shigella flexneri; Escherichia coli; Haenophilus spp.,
e. g. Haenophilus influenzae; Chlanydia spp., e.g. Chlanydia trachomati s,
Chl anmydi a pneunoni ae, Chlamydia psittaci; Francisella 15 tul arensis;

Bacillus spp., e.g. Bacillus anthracis;. Clostridia, sp 2. stridium
bot ul i num  Yé¥¥siRicpbighpniectiony 1s yapay r‘?i“amg@g?rl Seusqd & O&Fn)g?%&éa%pmgsg :

Bur khol deri a p%&@zgén. Sl orBibAhRItERh 2 Al fidopen andgdBcpitie uttdned keiany A vir al
e

pat hogen nay erived froma virus selected fromthe group consisting of:

20 Human | r nriscodeheimmegeniit.us (1 -11V1 & 2); Human T Cell Leukaenia Virus
(I-1TLV 1 & 2); Ebola virus; human papilloma virus (e.g. |-1PV-2, HPV-5,
HPV-8 |-1PV-16, I-1PV-18, HPV-31, HPV-33, HPV-52, HPV-54 and |-1PV-56);
papovavi rgs; A bictsmiavpalugen pay bedéned fromes petviat wesicngéndifiopsthe BP&Pei n Barr
virus; influenza virus, hepatitis B and iruses, Varioka ik sy,
rotavirus or csmn&&fbﬁ&m%r'ﬁg?“% SEP'pgrgaggl%py%[offéctc Soé%%%fa% %éj derived from

a parasitic Fkgia*a%%; Babecseds Epon.d WRer@oedp feoms Sirimecootus yggranvsoma
spp. (Trypanosoma crrrzi, pansosoma brucei), Lei shnani %( s%.ferigzardi a
spp., Trichorodead: spp. , PRwaHoesa S8pp. WNAegrdt a58pp &8 KEEHFRaToeba spp. ,
Schi STOSOME. SPRy i3} B SRS B A 10BRE sl BiProR I spp 30rimasposa spp.
Bal anti di zon spp., "Lba Loa, AsCaris Furnbricol des, Dirofrlaria jmmtis,
Toxopl asma sspp., eg. gSikproptcas fogoddpi B, SaemodcasisalewaeREY B HE deri ved

Lo e undel Bt oSBT RLEP Lo A OG d 908 e i
Tri chophyt on ;8@mgiridis Por+blit bbyeddfferanthigellaisnp.eegi Sfiigadladiexneri; pﬁ%ﬁeglﬁgza o
ézgef glclr Lgts 06:2@5 L{gae%zlog}szis’z?sn?sgﬁ,ese.gp&!demc"?}lﬂ% i OB Qtlznzzgeny Gram ot ’splg;ﬁ)c&é.d' oi des
Chlamydia trachomatis, Chlamydia prewnoniae, Chlamydia psittaci; Francisella
15 tularensis; Bacillus spp., e.g. Bacillus anthracis; Clostridia spp., e.g. Clostridium
botulinum, Yersinia spp., e.g. Yersinia pestis; Treponema Spp-; Burkholderia spp.;

¢.g. Burlholderia mallei and B pseudomallei.

A viral pathogen may be derived from a virus selected from the group consisting of:
20  Human Immunodeficiency Virus (HIV1 & 2); Human T Cell Leukaemia Virus
(HTLV 1 & 2); Ebola virus; human papilloma virus {(e.g. HPV—Z-, HPV-5, HPV-8
HPV-16, HPV-18, HPV-31, HPV-33, HPV-52, HPV-54 and HPV-56); papovavirus;
thinovirus; poliovirus; herpesvirus; adenovirus; Epstein Barr virus; influenza virus,

hepatitis B and C viruses, Variola virus, rotavirus or SARS coronavirus.

A parasitic pathogen may be derived from a parasitic pathogen selected from the
group consisting of Trypanosoma spp. (ITrypanosoma cruzi, Irypansosomd brucei),
Leishimania spp., Giardia spp., Trichomonas spp., Entamoeba spp., Naegleria spp.,
Acanthamoeba spp., Schistosoma spp., Plasmodium spp., Crytosporidium  spp.,
30  Jsospora spp. Balantidium spp., Loa Loa, Ascaris lumbricoides, Dirofilaria immilis,

Toxoplasma ssp., e.g Toxoplasma gondil.
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5 spp., Hi stoplasma spp., Paracoccidi onyces spp., Sporotrix spp., Absidia

spp., < adophi al ophora spp., Fonsecaea spp., Phial ophora spp., Lacazia
spp., Arthrographis spp., Acrenoniunz spp., Actinoinadura spp.,

Apophysonzyces spp., Enrnonsia spp., Basidiobolus spp., Beauveria spp.,
Chrysosporium spp., Conidi obolus spp., Cunninghanzella spp., Fusariunz

spp., CGeotrichum spp., 10 G aphiuns spp., Leptosphaeria spp., Ml assezia
spp., Micor spp., Neotestudina spp Nocardi a spp., Nocardiopsis spp.,

Paeci | onyces e/? Qgriggil Bﬁﬁogﬁ; maﬁro b derivs v%&j rﬁ%xr?‘a ‘Qfﬁ%al’ ({}EH FRRGY RLfSHhS B@hus

Pseudal | esch cor spp. Rhi"zopus spp.,

Rhodot or ul a S(rtp;d;daS@pphag on#liees), s’impie;m@d@@@sp@rﬁ’wﬁzaémpp,, MIS@@pﬂdf@rl opsi s
spp., Sporobol o

Synce | astr S hoder ma, S
Tri chospor on pp; eﬁ%%ﬂa'aﬁmm @fé’pip ru F.ar?ggldnggﬁém ??F%FRH |‘ilfﬁgz)f%§”|5"|‘5,
Wangi el | a sppyy BT&%WCQ% ablak D BEbPRS J pe@ba&zwezday sp;heqimcﬁdod@s of the

present inven |on may = sel'ected from any of the_human bact eg{H% fungal
parasitic, ersvel dpedrkiralsppat/iogeasidioatietinsibn FrappiEir1 $PPR 0491 1R

| nvention pr Iacgop?gzedﬂ;%anen f %’oﬁfe@&éad ?ﬁcc%gz'ldg)gioitao e i/pyent | % in the

manuf acture o Pt of reatln a mcrobi al fectlon wherein the
m crobi al i nfreebgraphis Spa, Systewiue; spmpﬂcfazto,mag’wbtatpanémé?ys@m@nWUs or

mucosal fung i nfection. infegtions c das
syst eni c, ?ﬁ’i"ﬁﬁ"'sf%aippt’ hé’ﬁzﬂfozﬂg‘igoﬁpl? s Qe mlandj af f ec %ﬁdﬁﬂ{dgfna@”or gans

or bl ood bor ne@ficsRi Gap., (dermaranbyl i sp);., rearing dppat Getdiehimf gt i on IS
superficial and occurs on the skin. Additionall M‘F%”&PP H;gnf ec Jdons can
0

af fect tHE micon&wenpr APt e Hsse7@-ep- 0’8%{% B8R pe

system C (€. QypeoGRh %ﬁaﬁsﬂ;@z sﬂ)t hﬁ&ecff&rﬁ;&wée%ﬂ YPiﬁoaoEaakppCoﬂﬁdirhlaOﬂﬁ)) Fungal
infections on the skin are 30 usually treated with creans or oi ntnents

(topi cal ant ifnamgedysidr oys) Psepdeleseleria sppst Brrpreochefie SPPod =¥t SiPaf ect i ons
or topical infe O%Sons(sﬁ)pt hﬁzm% MAfs] egbeag%&pa@%&g sppk2. gcg%},&% Wt h creans

or ointnents y nee reat stemc antif ung
Scopulariopsis spp., Sporobolomyces spp., Syncephalastrum spp., Ir zchoderma spp.,

15 Trichosporon spp., Ulocladium spp., Ustilago spp., Verticillium spp., Wangiella spp..

The microbial infections treatable by the peptides of the present invention may
selected from any of the human bacterial, fungal, parasitic, enveloped viral pathogens
shown in Table 1. '

20
Thus the invention provides the use of a peptide according to the invention in the
manufacture of a medicament for treating a micrébial infection wherein the microbial

infection is a systemic, topical, subcutaneous, cutaneous or mucosal fungal infection.

25 'Fungal infections can be classified as systemic, meaning that the infection is deep
and affects internal organs or blood bome or topical (dermatophytic), meaning that
the infection is superficial and ocours on the skin. Additionally, yeast infections can
affect the mucous membranes of the body. Yeast infections can also be systemic (e.g.
candidaemia atid other frequently fatal conditions). Fungal infections on the skin are

30 usually treated with creams or ointments (topical antifungal drugs). However,

systemic infections, yeast infections or topical infections that do not clear up after
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drugs (oral or 1V). These drugs are used, for exanple, to treat common
fungal infections such as tinea (ringworn), which occurs on the skin or
candidiasis (a yeast infection, also known as thrush), which can occur in
the throat, in the vagina, or in 5 other parts of the body. Systemc
antifungal drugs are also used to treat other deep fungal infections such
as histopl asnosi s, blastonycosis, and aspergillosis, which can affect the
| ungs and ot her organs. They are sonetines used to prevent or treat fungal

infections in people. whose i mune st ens < SUER JASReMe marr ow
or organ tré?‘?g °§H”“ ﬁtef“@ﬁt%oaiﬁ’&e“fs%‘&%’f Iéee\(}\ﬁ{’ ﬁ%ﬁ%@%@”ﬁ%ﬁ%ﬁ cal or
dennat ophyt i Gi-fddngall ok NMECtTHRRS drughindeeusadt fof yepioplk) Yo teisaminve Bfigadeat h or
of serious illness, are preval ent and aF‘e eqonog]#csgu‘é ir@@rﬁt.ap&t hgcause
they can be kg8 PYE % 8ines GHEVOTORIMCAR O6T S Bip EYf I“*FURGaET ntect i ons
may include tAQ56,,0fd Llﬁowégg fhrus }E‘Wh‘i@,ca?té)ﬁéﬁrqﬁ‘tﬁeoﬁlﬂﬁt!%tﬁ@wﬁkﬁwdﬂha' r.

e

Cut aneous i nfectiohs are iInfections of the skin, finger n and

il
t oenai | s. 5l n aheppederttbel badpeSisteofic prdunaal dmes 8, alonsed g Oﬁlﬁ’f Pion is
onychonycosi s. chonycosi s, .na a NAHS H16 Q8w HMH capOt
linited to, 3?1‘@33?5‘%%30%9“?% ﬁsolf)lﬁtﬁ%%%?%s%p&?&grg?%g%é% ei,jlgsr Fhe ft]‘/rlgusC may be
Tri chophyt on sf@tardiugid adeter orgdfls. Tiieg hephytones wiod tr preveTther treat ipnga!

"onychomycosis" includes, but is not Iinmted t distal_l i ungual ,
superfi ci al \mﬁeﬁté{“sb‘?B%P}FaWh%ﬁi“F‘@%ﬁ@ﬁhﬁﬁeﬁr‘? Wgé%eBﬁddﬁ‘rly %sybg ?%‘%&P@%pri mary

dystrophic, epdanwts,isRpsticdalant Sedhle WAVEMRIAIBES & chronic mucocut aneous
di sease) 25 types of onychonycosis. Onychonycosis has been shown as a

significdft risk factor for nore serious clinical conplications, such as

acute bacterigl, GeLI bl L@ (81 inflellseaLANHoeAlySAcARIasYddkmcder | al
i nfections, t ﬁécgf%e&%%lggs@ﬁ’? i n\i’enltni gn siancorrpagcssqlse]s the treatnent of these

i nfections. 3 sdiwms plépsd, desprofaltthend me emriooncatly smperta becrid HFcr8ical

pept des for auie VALl oty o) o RaLHODEIY o 080IcRY by RN e bh@ept | des

skin, lamina, stratum corneum, nails and hair. Cutaneous infections are infections of

15  the skin, finger nails and toenails.

In a preferred aspect of the invention, the fungal infection is onychomycosis.
Onychomycosis may be caused by a fungus from, but not limited to, the genus
Trichophylon spp., for examiple, the fungus may be Trichophyton interdigitale or

20 Trichophyton rubruin.

The term “onychomycosis” includes, but is not limited to, distal lateral subungual,
superficial white, proximal white subungual, secondary dystrophic, primary
dystrophic, endonyx, candidal (e.g. onycholysis & chronic mucocutaneous disease)
25  types of onychomycosis. Onychomycosis has been shown as a significant risk factor
for more serjous clinical complications, such as acute bacterial cellulitis of the
arm/leg and other secondary bacterial infections, thus the present invention

encompasses the treatment of these infections.

30 The peptides of the invention are potent antimicrobial peptides for a wide variety of

pathogenic organisms. However, the peptides of the invention may also be useful in
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16 the treatnent of other conditions including, but not limted to, cystic
fibrosis and other conditions associated with mucosal infections, for

exanpl e, gastrointestinal, wurogenital or respiratory infections. 5 The
pepti des of the invention may al so be useful in the treatnment or prevention
of, inter alia, wounds, ulcers and | esions for exanple, cutaneous wounds

such cuts or burns, and conditions associated therewith. The term
"treatnment” relates to the effects of the peptides described herein that in

10 inparting enefit to,patients afflicted w.th . i nf.aectd )..di sease,
i ncl udi ng an tﬁ? 2‘5?{81\?8%1%n?th?lnccflﬁgmg%ﬁn ﬁ%dfn(%h%gtf m{tﬁlémgegttl(jé%bﬁgwbggﬁaafqi n

di sease progr@sgi @nditibss bsedatbe meihnmiidosdaihfeendns ofor axwmpiadgasmamtestrel.ude
wound heal i ng and, associ ated , conditi ons and t herapy which pronotes,
augments, or HeESf'erAfeRIHeR PRI tissues 15 and includes post-operative
scarring, buns, psoriasis, acceleration of tissue renodelling, for

exanpl e, post cosnetic surgery and organ transplantation. Thus, in_a
further aspectheafeptities dfibemvidiontrhest @sq ke preblinide Eratnans oF Brescntign whi ch a
pepti de of the inventi i i bstrate
is suitable 3G f I\c{)ar" “ééﬁ% ?=é§%e?ggﬁj‘dt %Qﬁ%@%&&%ﬁfﬁ%&ﬁa@é@%ﬂt@@%a%cy’bgfsfdgs.
Preferably, tthenssuabbdonditiensdska@wsced theretvitie transfer of the peptides of the
invention fromthe substrate to a wound bed to achieve their antibiotic
effect. The substrate may be a dressing, for exanple, wound dressing. The

dressing may BRM#H $8eAmbRbLiced v kicdkcobf e fEBYddeicaeriall haginhbki ke
material. 25 The peptides of the invention may also find apf)l %ﬁati on as/in
a di si nf el arimpaitingtehbenefic npaiiepts aifistedepth g Ugfechensy treastt Peyfing an

conposi tions ;of L1Y o Qi BRYE 8 pARR dredblay i€ ULsBAE pRlpRRGOAr 1N

conbi nati on v}n&lpﬁé%lt%ﬁ%r |si0nf elcti ng Ia)tgent ; t%”a surfgceg%tgo be treated. As
used herein a "surface to be treated" may be a substrate as defined herein

30 or a medi C/Qsl us%g\ﬂege‘ieri “ireatment of a wound” may include wound healing and associated
conditions and therapy which promotes, augments, or accelerates healing of tissues
15 and includes post-operaiive scarring, burns, psoriasis, acceleration of tissue

remodelling, for example, post cosmetic surgery and organ transplantation.

Thus, in a further aspect of the invention there is provided a substrate to which a
peptide of the invention is applied or attached. Preferably, the substrate is suitable
20 for application to wounds or delivery to wound sites. Preferably, the substrate allows
for the transfer of the peptides of the invention from the substrate to a wound bed to
achieve their antibiotic effect. The substrate may be a dressing, for example, wound
dressing. The dressing may comprise a fabric material or it may be a collagen-like
material.
25
The peptides of the invention may also find application as/in a disinfectant. In this
context, the peptide or pharmaceutical compositions of the invention may be applied,
either alone or in combination with other disinfecting agents, to a surface to be
treated. As used herein a “surface to be treated” may be a substrate as defined herein

30  or amedical device.
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17 In a further aspect, the invention provides a nethod of treating or
preventing a mcrobial infection in a subject conprising admnistering to
said subject a therapeutically effective anount of a peptide according to
the invention. 5 1In a preferred nethod of the invention, the mcrobial
infection is a fungal infection. |In the nethod of the invention the
peptide may be applied to the skin or nails of said subject. Manmal s,
birds and. other aninals may be treated by the peptides, conpositions or
10 net hods described herein, Such. mamamal.s and bi Lncl ude | . dogs,
cats and || 5%6%“F1%ﬂ%ﬁ“3@3HHF@@%{P%E?%ﬁ%f“%ﬂ%%gfﬁagﬁ?ﬂ %ﬁlék@%g and
turkeys and tRrdbidkenfechbt gaver subpleanbmpiisyg addsoniberitg eat sdd bybiehie a

pepti des, conpositions or methods of the inventionp..15 Were the subject
is an ani mal , hemeeuie i sHey e pRR LR 8 RERIET '1B%K%B%PW@HmHaiI-Iike
features, including, but not exclusive to, hooves, claws and trotters. The
met hod of the invention may include, in addition to peptide treatnent,
treatnentss thatprefaycdmhting of pepniasopdbamineios infeetéontipe faegel mferipe coul d
be facilitat 0, chem cal..or.. physi g Physical . ts, such
as nail etchﬁﬁéﬁ%Wﬁé?q?n eS?w?%guggpéifgﬁ%ﬁggggimgﬁg%%gl %%%ﬁ%ﬁ%%%ce
permeabi |l ity gbjetthe peptides of the invention. Chen cal enhancenent of

nail permeability to the peptides 'of the invention may be achi eved by

br eaki ng physical or chem cal bonds within the nail plate keratin. Nai

sof teni ng agetSmalsNGikdind Bithd? Whinhy mg)xsé YSIIMELY Bie popiikdes athpsailibaydi ¢ aci d,
increase 25 hydration of the nail to decrease nail density and, therefore,
may i ncr edse mgtbedraistsiibed ereiy. Prd papnpldesd birds Belufs FERMSo A CHiHBInds
contai ning SubLOG Klen G0 BURS, Whil. SLERRk ety LithidReR0RAShE Midal |
keratin, and may Téad to destabilisation and increased perneability of
drugs. Conpouvidsovengilards mgy albube nerted tontld peplives, eonpasisiops eymetbodro! Hifd

mer eapt oet hanol derivatives nmay be used in 30 conbination with our
peptides. O HBF™RAbwn nail perneability excipients/adjuvants

15  Where the subject is an animal, the method of the invention may be applied nail-like

features, including, but not exclusive to, hooves, claws and trofters.

The method of the invention may include, in addition to peptide treatment, treatments
that may enhance peptide permeation info the nail. This could be facilitated by
20  chemical or physical means. Physical treatments, such as nail etching or filing of the
dorsal Jayer of the nail may enhance permeability of the peptides of the invention.
Chemical enhancement of nail permeability to the peptides'of the invention may be
achieved by breaking physical or ¢chemical bonds within the nail plate keratin. Nail
softening agents, including, but not exclusive to, urea and salicylic acid, increase
25  hydration of the nail to decrease nail density and, therefore, may increase
permeability to the peptides of the invention. Compounds conlaining sulfhydryl
groups will cleave the disulphide bonds in nail keratin, and may lead to
destabilisation and increased permeabiiity of drugs. Compounds including, but not
exclusive to acetyleysteine and mercaptoethanol derivatives may be used in
30  combination with our peptides. Other known nail permeability excipients/agjuvants

that may be used in combination with the peptides of the invention include

18



that may be used in conbination with the peptides of the invention include
18 net hyl sul f onyl met hane, urea, polyethylene glycol,

N- (- 2- mer capt opr opi onyl ) gl yci ne, di nmet hyl sul fone and
2-n-nonyl -1, 3-di oxolane. In a further aspect, the invention provides a

met hod of treating a wound in a subject 5 conprising applying to the wound
a therapeutically effective anount of a peptide, or a substrate, according
to the invention. The peptides of the invention, including their salts, are

admi ni st er ed ;SOnAsIH R IRERRY Brea Ard R G AMycb ) NAE-2- heashopiiosylighydm,
associ ated with an |nfect|on indication or 10 di sease, or a decrease in

the amount ofdirasthyledye ankbeinardd AilieKolele i ndication or di sease. To
achieve the desired effect(s), the peptide, a variant thereof or a

conbi nation thereof, may be adm nistered as single or divided dosages, for
exanpl e, of aﬁaﬁﬁﬁ&taqﬁ& &bmmmnﬁmﬂﬂnmg%kgHmémdb6UtM5ﬁ@Wﬂam#5®aﬁﬂﬂ%ﬁ, of at

| east about 0.01 / kg, to ab / 1 ng/ kg
to about 200 PPPHEY }ﬂﬁvﬁﬁ‘éwo?gg%hmmﬁﬁgﬁg%’§ﬁﬁ m¥§ﬁggﬁ%$%§% 95 100 ny
kg of body weisghdraRl acdbrdlRas thea@utiod. ny/ kg to about 20 ng/ kg of body

wei ght, al t hough ot her dosages may provide beneficial results. The anmount

adm nistered wi Il vary depending on various factors including, 20 but not

limted to, tg%}@] )I;ag_l&f&fe Q@gﬁﬁ&%ﬁ&bnaﬂféid&n% t5dit £Hu§8d1e sfdistcsed dohe tigaase, the

wei ght, the ition, the health, the age of  the manmmal , whet her
prevention om retinaiahriendt least tooe bematohi essediated i n tipisctinsp Epdatipn or

chemcall}seX dified, gﬁ&mg%g Or%“%a?%f?&ﬂkﬁggkk&IESR%[ IR agiyioh ke

clinici ad h@f%h npirica |n|ca trials and

exam ni ng thaﬁ@&ecllnlcal anlnal nodel results or other test 25 systens
that are available in the art. Admnistration of the therapeutic agents in
accordance with the present invention may be in a single dose, in nultiple

doses, in a gENidhROYSe Qésidedtc@lPi(d)! Bt poFBa) el variafle fiendi ng,a Sorbisstianpl e,
upon the r eCIﬂ?elrg)th:y Q gglggs?e%édcgsl 511C1c91{r3] C(i')ll Ei;v?dned aeJeQ eor Ea}bample of at least
15  about 0.01 mg/kg to about 500 to 750 mg/kg, of at least about 0.01 mg/kg to about
300 to 500 mg/ke, at least about 0.1 mg/kg to about 100 to 300 mg/kg or at Jeast
about 1 mg/ke to about 50 to 100 mg/kg of body weight or at least about 1 mg/kg to
about 20 mg/kg of body weight, although other dosages may provide beneficial
results. The amount administered will vary depending on various factors including,
20 but not limited to, the peptide chosen and its clinical effects, the disease, the weight,
the physic'al""condition, the health, the age of the mammal, whether prevention or
treatment is to be achieved, and if the peptide is chemically modified. Such factors
can be readily determined by the clinician examining the empitical data from the

clinical trials and examining the preclinical animal model results or other test

25  systems that arc available in the art.

Administration of the therapeutic agents in accordance with the present invention
may be in a single dose, in multiple doses, in a continuous or intermittent manner,
depending, for example; upon the recipient’s physiological condition, whether the
30  purpose of the administration is therapeutic or prophylactic, and other factors known

to skilled practitioners. The administration of the peptides of the imvention may be
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30 purpose of the admnistration is therapeutic or prophylactic, and other
factors known to skilled practitioners. The adm nistration of the peptides
of the invention may be 19 essentially continuous over a pre-selected
period of time or nmay be in a series of spaced doses. Both | ocal and
system c admnistration is contenplated. To prepare the conposition,

pepti des are synthesized or otherw se obtained, purified 5 as necessary or
desired, and then |yophilized and stabilized. The peptide can then be

St o . e AR SRS GEE R Bk 00 BBk b aE YR o (1

ot her agents I'nc In a unit

dose can var ¥paedabys. Beh zo@myﬁem;ata@mm@mednis@oabmpmea g or about 0.01
to about 500 ng, of at |least one peptide of the invention, or a plurality
of peptides specific for a particular cell type 10 can be adni ni st er ed.

Alternativel Yrglﬁrg\% bkoﬂ?&%% FARAUARY SHiRRAPOUSN 0w bR, @bisd 50 g,

fromabout O abou g, fromabout 0.1 g to about 25 from
about 0.55g tenateeaty dZlegyedf nuithebiyophilzes agd stebifirsutTie pgptidercahihapbat 0.5 g

to about 4 m about 0.5 dRseSe@hs. t he
peptides of ?’ﬂ'éw'ie%voe PRI ORAHC (A %t%lgm\%%q%p té eH %ﬁlb%!d e ean ange,
for exanpl e, Imegﬁymh@u%@ﬁt&ﬂﬂg@ﬁd@mnﬂ@n@bﬁuim&ﬂ@ub&mS@mgﬁdawkEBTdﬁmabout
0.1 g/day to about 25g/day ron1abou ) g/d bout .1 from
about 0.1 g/ G58rle02beHt 9@150 L@éjzgﬁ¥ ﬁ% E%%g§@t8f IC%{‘tq’gXSg/day,
from about 0.,1e.dFnd Hlveﬁﬁ‘ﬂuér 2 Effﬁii%y@f ﬁdpgﬂés%’@@cﬂﬁc @ro @igtalkr tal apoeut 8

g/ day, fron1£bout 5 g/day to agout /[ day, from about QIglglday to

about 2 dfdayan éﬁddmﬂmleﬁboﬁﬁtema@e@l éﬂaywtib B%@aﬂl"%ﬁé@ya 0 dfie” or
more sultabl g iilish £ORAIRLO0ME fcgrg%ms;sng 1 ab8IRHAPEW iupenLi e of - the
e “adi ni ster

i nvention can a variety of routes including oral ,
par ent er al zﬁmﬁKthuﬂﬂmgtEh@dhmadamb@Sgﬂnwbaﬂénbﬁ@ﬂlMﬁm#%ﬁﬁé%ﬁﬂ&%4and
i ntraperitoneal transdermal, intrathoracic,

i nt r apul nonafy %%ﬂnﬁﬁ?$gﬁégﬁﬁgﬁﬁg§plratory) routes. The therapeutic

pepti des may al so be formulated in a lipid formulation or for

15  Daily doses of the peptides of the invention can vary as well. Such daily doses can
range, for example, from about 0.001 g¢/day to about 100 or 50 g/day, from about 0.1
g/day to about 25g/day, from about 0.1 g/day to about 12 g/day, from about 0.1 g/day
to about 5 g/day, from about 0.1 g/day to about 2.5g/day, from about 0.1 g/day to
about 2 g/day, from about 0.5 g/day to about 8 g/day, from about 0.5 g/day to about 4

20  g/day, from about 0.5 g/day to about 2 g/day, and from about 0.5 g/day to about 1
g/day. )

Thus, one or more suitable unit dosage forms comprising the therapeutic peptides of
the invention can be administered by a variety of routes including oral, parenteral
25 (including subcutaneous, iniravenous, intramuscular and iniraperitoneal), rectal,
dermal, transdermal, intrathoracic, intrapulmonary and intranasal (respiratory) routes.
The therapeutic peptides may also be formmlated in a lipid formulation or for
sustained release (for example, using microencapsulation, see WO 94/07529, and US
Patent No. 4,962,091). The formulations may, where appropriate, be conveniently
30  presented in discrete unit dosage forms and may be prepared by any of the methods

well-known to the pharmaceutical arts. Such methods may include the step of

20



sust ai ned rel ease (for exanple, using m croencapsul ation, see WO 94/ 07529,
and US Patent No. 4,962,091). The fornul ati ons may, where appropriate, be
conveniently 30 presented in discrete unit dosage forns and nay be prepared
by any of the nethods well-known to the pharmaceutical arts. Such nethods
may include the step of 20 m xing the therapeutic agent with |iquid
carriers, solid matrices, sem-solid carriers, finely divided solid
carriers or conbinations thereof, and then, if necessary, introducing or

h h
Shap ng Lo BEetbch. LR Do S PRI R A S e
they are genefiraly Vivcduabisird cidricls 61 p;baxbtmn@ut ﬂraaalof ,y aiake clept ablrecassary.i er,

diluent or excipient to form a ar me ﬁtl cq fornul ati on, or unit dosage
form For or dPtrodygingqf gl}apglg,ﬂbe,plo Emﬁb‘%‘? fjrgi/vef?esyf)%’sent as a powder, a
granular formation, a solution, a suspension, an emulsion or in a natural

or synthetic polyner or resin for 10 ingestion of the active ingredients
froma chéwi n‘@h@uﬂﬁ: tlﬂn@eam iﬂwd?ﬁe‘ﬁtﬂl%l@é’cw map@a&r@%%%@ﬁ%ﬁéﬁst}é&oa bol us,
el ectuary or pas r ELARBYLEE praBIE R RE S raa tta}e

i nvention can |‘£§§ ggﬁ%r?l {g ﬁ%% pglgg{l%l %chﬁ? % %a elg , "'he pepti des
can be coat edxcipiear ar éairﬁapspﬂaa:ha@duticak fotohtions e pﬂlladetiiowftﬂhﬂl n Fan sﬂ;i@t ai ned

romo 1 15 6 gamoyCREr Gt 107 ORIl Atiat s PRATHAL AP 2l o0 °¢

formul ati ons wRAbA AduRBerkide, ihenafeubi & Paphiatessyafhetihipolinuentriesn f@an  be
prepared by procedures known in the art using well -lligown and readily

avai | abl €0 i riggeetnrepit 9 axbre BREMSE, fromhg e Wgcf’é“%a HaHE PR éléf‘yvm th

conmon exci pignt s, ;RGnldl MePtbSs Olled@iy be" }ﬁstear(ﬂalflyoﬁdiFE&skd"édOt%@bblﬁicS
capsul es, soluti ong suspensi ons, powders aerosols and the |ike. Exanples

of exci pi ent peptitles wdribs m%ﬁmlom apt ialsp Shet foamulated fos i Haiptde rReEC, sith the
formul at :;g|n|s Lﬁegcclelsj%gn zﬁéds 'micro- ‘{ﬁéﬂsgn df Jn] (Ltﬁét%ﬂ%@@ﬂc@&q@ﬂﬂgpﬁ Sushlic as

starch, sug arsmanr ut licic rivatives. Binding
agents can alcﬂbvdi)ﬁ demm | Tidadtabactie agrendwnﬁanysmét foythuletedns gbopese from 0.1

hydr oxy rmt hyl S % 9(9 b%sv%lght%g 1116)%1%1&58%11

Pharmaceutical formulations containing the therapeutic peptides of the invention can
be prepared by procedures known in the art using well-known and readily available
ingredients. For example, the peptide can be formulated with common excipients,
20  diluents, or carriers, and formed into tablets, capsules, solutions, suspensions,
powders, aerosols and the like. Examples of excipients, diluents, and carriers that are
suitable for such formulations include buffers, as well as fillers and extenders such as
starch, cellulose, sugars, mannitol, and silicic derivatives. Binding agents can also be
included such as carboxymethyl cellulose, hydroxymethylcellulose, hydroxypropyl
25  methylcellulose and other cellulose derivatives, alginates, gelatine, and polyvinyl-
pyrrolidone.  Moisturizing agents can be included such as glycerol, disintegrating
agents such as calcium carbonate and sodium bicarbonate. Agents for retarding
dissolution can also be included such as paraffin. Resorption accelerators such as
quaternary ammonium compounds can also be included. Surface active agents such
30  as cetyl alcohol and glycerol monostearate can be included. Adsorptive carriers such

as’ kaolin and bentonite can be added. Lubricants such as tale, calcium and
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25 net hyl eel |l ul ose and ot her cellul ose derivatives, alginates, gelatine,
and pol yvinyl - pyrrolidone. Misturizing agents can be included such as

gl ycerol, disintegrating agents such as cal ci um carbonate and sodi um

bi carbonate. Agents for retarding dissolution can also be included such as
paraffin. Resorption accelerators such as quaternary amoni um conpounds
can al so be included. Surface active agents such 30 as cetyl al cohol and

gl ycerol nonostearate can be included. Adsorptive carriers such as kaolin

and bent oni t e Gaikshe Aderd.anbublid faMEy $UCHls a8 £18d Be ieRkied. UPleauncitivail
magnesi um stearate, and solid polyethyl glycols can also be inc|uded.
Preservat i vesmanalio & séddle Hrsdwenposienscdio siventisnscapflse wenpinvBRET 8% can

al so contain %,;%'nf\si%%a{ gggrfeilﬁgﬁg'taﬁd/&u&rﬂu%% Sﬁ'waﬁ\lreg.s efh%ﬂ %agrals%gohwnogﬁﬁns
derivatives. ey may al so contaln guns such as xanthan, guar of carbo gum
or gum alr Ftbi _csucbrasaianﬁamﬁagdaysk )cmrll:»ol guet hy g?nw-atﬁcégjryami'mtivdmelpiblmfné:de@nd_ _
nmont nor i nites, and the like, r exanpl.e,,.tablets or caplets containing
t he pepti des %ngﬁgmqﬂ5ﬁﬁ?4%Wn@%ﬁRPW%F ngﬂ%H&Ffering agents such as cal ci um
carbonat e, magnesi um oxi de and magnesi um carbonate. Suitable buffering
agents may al so include acetic acid in a salt, citric acid 10 in a salt,
boric acid inFﬁwgémfkaﬁhhﬁﬁﬁéﬁﬁ%FN@nﬁ@ﬁﬁ‘#ﬁpgﬁ§%§me€§ﬁpé?glﬁﬁdmfﬁﬁiets can
al so incl ude,RRGET Menik NALE I €I Gurd UsboRste C BlabibsRSE oxiib eaRl Abkitkiaed

starch, silicon dioxide, hydroxyl propyl nethyl cellul ose, nagnesi um
stearate, ni ceasamyist ShitabhebulEding lapeds masalsy ipblude adedc aifl iranialinsillicawidde,
benzoic agid,. citri.c .aci.d, tar Smn | .0l oT(Y gl ycol,
sodi um phibphite gl o f Yl RS ARPLE sofl LopluPRIMBIARELENG 3, Y0
capsul es contiatlndapadivelisgsdicwneugheptactidossf ptehdatimxeantdrdn sdiamn dioridai n

i nactive ingredients such,a lLatine, mcrocrystal.line cellulose, sodium
| auryl ;ulpth’FmY PﬁWX%FwﬁQTE%ﬁﬁﬁﬁ’FP?&ﬁWHhF%W% i&&?ﬂgﬁﬁ&ﬁﬁ%cﬁﬁig?’as wel |
as |iquid vehitgligstaBUahnAsn dRMiSHRYIRNEE] Ve scil PEED)stad nager abl e oil .
Mor eover, enteric-coated caplets or tablets containing_one_or nnr?
peptides of tHAYHRIENE iEbifonralidBsPipEEs siretsaste. 20d dhsiikt effrst 01M n the
stomach and diss0k WSHshiBs LHEiRRE Gt REYbAR epti@e & tk@ldvBRion can contain inactive

ingredients such as gelatine, microcrystalline cellulose, sodium lauryl sulphate,

starch, talc, and titanium dioxide, and the like, as well as liquid vehicles such as

polyethylene glycols (PEGs) and vegetable oil. Moreover, enteric-coated caplets or

tablets containing ome or more peptides of the invention are designed fo resist

20  disintegration in the stomach and dissolve in the more neutral to alkaline

environment of the duodenum.

The therapeutic peptides of the invention can also be formulated as elixirs or
solutions for convenient oral administration or as solutions appropriate for parenteral
25  administration, for instance by intrammscular, subcutaneous, intraperitoneal or
intravenous routes. The pharmaceutical formulations of the therapeutic peptides of
the invention can also take the form of an aqueous or anhydrous solution or

dispersion, or alternatively the form of an emulsion or suspension or salve.

30  Thus, the therapeutic peptides may be formulated for parenteral administration (e.g.

by injection, for example, bolus injection or continuous infusion) and may be
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envi ronment of the duodenum The therapeutic peptides of the invention can
al so be fornmulated as elixirs or solutions for convenient oral

adm nistration or as solutions appropriate for parenteral 25

adm nistration, for instance by intranuscul ar, subcutaneous,
intraperitoneal or intravenous routes. The pharmaceutical formnulations of
the therapeutic peptides of the invention can also take the formof an
aqueous or anhydrous solution or dispersion, or alternatively the form of

an erul st on Of sSRRSHSLANLOr 153! el THUTw A DBl rARAUI ORI e ey

be fornul at ed”F&* MmNl Stra i'njection, for
exanpl e, bol ugntajeacs @Mmati-dogndanmiiets Anfosd a)mveaprdsemyvaecaﬂ 2g agdedsent ed

inunit dose formin, anp pr rlnge snal u fusion

cont ai ners ormﬂﬁhhﬁ@¥4m%g?é£@8 ﬂ§1ﬂ3¥gﬁﬂ%@ 5ted %%%W@epﬁggg%ggapgves can
be added to fel.pieARi AR Bt @@sp%ﬂﬁd)ﬂée shiufignsofort Hguidosage oflgran aqﬂaalsact ive
peptides and other ingredients na or m suspensi ons, solut,ons

emul sions §n wmhyﬁomﬁaqmequgﬂ%ﬁV@ﬁ%é¥b§$m§ﬁWdWﬁ§m@@ﬁ@&ﬂnS linng at Wy agents
such as suspepd| g%x ig %ﬁgﬁt@ ! lfﬁlhéfnggvey% Oz{ctivcg %@E%ﬁﬂ&%’t@%@r@dleﬂ 8y Badil vel y,

the active pe P ein wder form_obtained
by aseptic i sgivadel Gimpbbisined by eseptid lsdlatwn b‘g‘/swlylopbind mzlavt ivephifizaga 1881 ut i on

for constltutl h a suitable vehi e e wat er
bef ore use. W%@S%rFBWWﬂFQPl ﬁyﬁqg8ﬁF§5% S5 %%ééu g%%ﬁgﬁgg%%gtable

carriers, vehkg&@§q§nd adjuvants that are well-known in the art. It is
possi ble, for exanple, to prepare solutions using one or nore organic
solvent(s)othat is/are acceptable fromthe physiological standpoint,

chosen, in adgidl 9fhPra @511 cérﬁa@ ﬁﬁﬁé@&ﬁl@a@u%&eﬁ%@%@&l@ﬁe vehi8eaRRL i C
acid, ethanol, |sopropyﬁ al cohol glﬁEt hyl sul phoxi de, glycol ethers such

as the prod uarhlsvasﬁsltdaumde’rellﬂh?@wnan’éhe Biwalh o% POSSERE VigT §EagRe, dfgPrepare
P oor oot 1 e Rt Riin) oneCy Bl o %?gfoegogv&ﬁsf bRt tivkRAkdeARld honetay|  or

i sopropyl lac acl rg
physiological standpomt chosen, in addition to water, from solvents such as acetone,

15  acetic acid, ethanocl, isopropyl alcohol, dimethyl sulphoxide, glycol ethers such as the
products sold under the name “Dowanol”, polyglycols and polyethylene glycols, Ci-
Cy alkyl esters of short-chain acids, ethyl or isopropyl lactate, fatty acid trigtycerides
such as the products marketed under the name “Miglyol”, isopropyl mytrisate,
animal, mineral and vegetable oils and polysiloxanes.

20
Preferably, the pharmaceutical formulations of the therapeutic peptides of the
invention can also take the form of a solvent or diluent comprising the pepiide.
Solvents or diluents may include acid solutions, dimethylsulphone, N-(2-
mercaptopropionyl) glycine, 2-n-nonyl-1,3-dioxolane and ethyl alcohol. Preferably the

95 solvent/diluent is an acidic solvent, for example, acetic acid, citric acid, boric acid,
Jactic acid, propicnic acid, phosphoric acid, benzoic acid, butyric acid, malic acid,

malonic acid, oxalic acid, succinic acid or tartaric acid.
More preferably, the solvent is an acetic acid solution. The solvent, for example

30 acelic acid solution, may be present in the composition at a concentration of less than

1%, 0.5%, 0.25%, 0.1%, 0.05% or 0.01% acid, for example acetic acid .
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such as the products marketed under the name "M glyol ", isopropyl
nytrisate, aninmal, mneral and vegetable oils and pol ysil oxanes. 20
Preferably, the pharnmaceutical formnulations of the therapeutic peptides of
the invention can also take the formof a solvent or diluent conprising

t he peptide. Solvents or diluents may include acid sol utions,

di nnet hyl sul phone, N-(2- mercaptopropionyl) glycine,
2-n-nonyl -1, 3-di oxol ane and et hyl al cohol. Preferably the 25
solvent/diluent is an acidic solvent, for exanple, acetic acid, citric

acl d, bori c aﬁ'admr hgraag%e'ctc ofdfit gfese% Rﬁflslmyncthqu ! z'oxﬁﬁ' tﬁ’l@%e! cg‘ aﬂ(ﬁhﬂ’in QﬁnZOI ¢
acid, butyric aC|é, el e act 8" mal oni aC|5, oxallc acid, succinic acid
or tartaric amhthfackbe ef prediesadblt Yor itchtngsomhicerttialiisfectivnamekiteulacs tingal ut i on.
The sol vent, ﬂ?r,exagglg 30.gcetic acid solution, ggy ggﬁgresent in the
conposi tion affo5i¥hndBhfiage] BHecHPD meayshe HRFNOMUEOS SeRYCRPIRESRS (1R o 0506
or 0.01% aci thauf@r pexafibe 868t it 361 Bmidd th "hd kst MRErBAERELspRf fdrhe
present invention there rs provided the use of an acid in the manufacture
of a medi camewemplsy the fengrs mgy &e Aiiehayhilen ivaifigiele oh Irickorider reiivar 1% f ungal
i nfection. The: 108, I¢ - COS . y.eho L& may be
5 caused by 23F£%58§£?pg%g&%ﬁggg%?XP?ﬁFg@%g?gﬁ%ﬁgﬁgéﬁﬁgnfggéE%%ﬁ%%%n spp. ,
for exanpl e,stiflhke ddihizysovidad ibeollioTicpioytanation dildisghanda 16Y%.TH1hophyt on

rubrum The i, d b s, her.ej nbef ore described. .Pref.erabl.y the.acid is
acetic acid. Fs %-H%l‘i}%-@f’? PFidy KB CRapile e i5PS\ Sganﬁaﬁy G 13%4%%11% 52
concentr atgi orxdefted £9 Soptdapitinditestr&liddHor £balh of, GorldamPleOpUs.or 0. 01% acid, for

exanpl e acetic acid. Typically the nmedicanment is 10 adapted for topical
adm nistration for treatnent of, for exanple, nails. As used hereinafter,

the term "act4y@ca86Rhaf&NERTRAS SRRy agdht 31 &SRk dQiREaRNHid Sk coldmat he
invention, or a conbination of peptides as described herein. The term
"active agerie the ingptiah.su seodinsties obpophidesa detrribedberpine fihe &y ectiifount  of
an acid as hefgin, gafég%ﬁ{' 33%9531 J0En ARy BEERNS 2MR¥nE 295 RS BLEked
si mul t aneousl 5 sequenti al Ty or

15 described. The active agents may be administered simultancously, sequentially or

separately. It is generally preferred that such administration be topical.

The active agents may be administered in synerpistically effective amounts. The
invention therefore includes: the use of synergistically effective amounts of the active
20  agents, for example a peptide according to the invention and a pharmaceutically
effective amount of an acid as herein desctibed, for the manufacture of a product, e.g.
a medicament, for simultaneous, separate or sequential administration of said agents

in the treatment of a microbial infection,

25 Tt is possible to add, if necessary, an adjuvant chosen from antioxidants, surfaclants,
other preservatives, film-forming, keratolytic or comedolytic agents, perfumes,
flavorings and colourings. Antioxidants such as t-butylhydroguinone, butylated
hydroxyanisole, butylated hydroxytoluene and a-tocopherol and its derivates can be
added.

30
Also contemplated are combination products that include one or more peptides of the

present invention and one or more other antimicrobial or antifungal agents, for
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separately. It is generally preferred that such adm nistration be topical
The active agents may be adm nistered in synergistically effective anounts.
The invention therefore includes: the use of synergistically effective
anounts of the active 20 agents, for exanple a peptide according to the

i nvention and a pharnmaceutically effective amount of an acid as herein
descri bed, for the manufacture of a product, e.g. a nedicanent, for

si mul t aneous, separate or sequential adm nistration of said agents in the

treatment of CZ)]S. %E ?{ﬂg@des ismhee%ta'ggﬂotegén il fa}r@%l&gﬁéﬁ@ @pt {11901?191@?: (ABcngcessary,

an adjuvant c m ant 1 oxi ants, preserva i ves,
filmform ng,liﬁoemraaioalwhowimm Bofiretinibyt ! tgreomsl, npeatihumesss anfll tealdsngs and

col ourings. Antioxidants h as ut ui non butyl ated , .,

Pyl oxyacni soreh it YPATEl AR BT o TEME AR A DYR G REFSTANG o e

derivat es carm@e qu@Qﬂ@ﬂﬁha@@1rﬂ1t§@rsc§li&h%5&h@hﬁﬁigﬁ§ & @Ol Eti40), phoduct s t hat
i ncl ude one or nore peptides of the present invention and oge or . nore

ot her ant i cBBPeandyy Lé’ﬁ@?’fﬁ%gﬁﬁe%’éﬂr% gllylprgines such @ Aprpinaliney BPOEFEE such as

anphot eri ci n & oiﬁ&plﬁﬁﬁffﬁﬁéaﬁ'agezgk llh&hﬂn@cﬂmt,%sc(ﬂ%@ﬁi%reml 'Iﬁoﬁﬁfm‘)ln, it is
anphotericin B (1 AVB), i posomal “nystatin, azoles and triazoles such

as vor|conazdme&mmkmwoﬁatﬁwampkéﬁd@@habgwembn$@au@n@z@ﬁbmﬁﬁwzﬁbaﬁaﬁole and

the 1|ike; e in u n in
(Fras3) . and 5 e iR e Yagalel) Rl SRR Qop e R O ch s
t er bi nafi ne; ﬁﬂamﬂﬁha&mmaﬁhmgnﬂhﬂmiu@hﬁﬁﬁmngﬂbﬂagemksqummlud|ng t hose
descri bed herein. In addition, it is contenplated that the peptides m ght

be combi néd with t opi cal antlfungal agents such as ciclopirox ol am ne,

hal oprogi n, toddi@filBy,8he pHEEYE %tl%ultécpﬂalm@kulmbﬁ%tslsﬂstam@rmre@éefdda@ge
butenafine, naftifine, terbinafine, and other topical tb%ent
t

Addi ti onal | y,forpearseibeilthes Breefopaplationg ¢ade © sariied Hh@@“§ﬁ§iﬁpned
rel ease dosaggyve peptide, for example, in a particular part of the intestinal or respiratory tract,

possibly over a period of time. Coatings, envelopes, and protective matrices may be
15 made, for example, from polymeric substances, such as polylactide-glycolates,
liposomes, microemulsions, microparticles, nanoparticles, or waxes. These coatings,
envelopes, and protective matrices are useful fo coat indwelling devices, e.g. stents,

catheters, peritoneal dialysis tubing, draining devices and the like.

20 For topical administration, the active agents may be formulated as is known in the art
for direct application to a target area. Forms élﬁeﬂy conditioned for topical
application take the form, for example, of creams, milks, gels, powders, dispersion or
microemulsions, lotions thickened to a greater or lesser extent, impregnated pads,
ointinents or sticks, aerosol formulations (e.g. sprays or foams), soaps, delergents,

25 lotions or cakes of soap. Other conventional forms for this purpose include wound
dressings, coated bandages or other polymer coverings, ointments, creams, lotions,
pastes, jellies, sprays, and aerosols. Thus, the therapeutic peptides of the invention
can be delivered via patches or bandages for dermal administration. Alternatively,
the peptide can be formulated to be part of an adhesive polymer, such as polyacrylate

30 or acrylate/vinyl acetate copolymer. For long-term applications it might be desirable

to use microporous and/or breathable backing Jaminates, so hydration or maceration
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forans and the |like. The fornul ations can be so constituted that they

rel ease the active peptide, for exanple, in a particular part of the
intestinal or respiratory tract, possibly over a period of tine. Coatings,
envel opes, and protective matrices may be 15 nade, for exanple, from

pol ymeri c substances, such as polyl actide-glycol ates, |iposones,

m croenul sions, mcroparticles, nanoparticles, or waxes. These coati ngs,
envel opes, and protective matrices are useful to coat indwelling devices,

ohd ) S S, B L B0 e R o S it S

formul at ed ashdtSwikpeyndd imetdlaﬁradl’}irotecftﬁé afld mqq;bmammtuoﬁﬁt Aanitdhbe auctka«t‘aget ar ea.
Forms chiefly conditioned for tQ§|caI BpLication take the form for
exanpl e, of cigrerally headom gaug IV 9aRae2dY DiFePer si on or  mi croenul si ons,

| otions thickened to a greater or |esser extent, inpregnated pads,

oi ntnents or sticks, aerosol fornulations (e.g. sprays or foans), soaps,
detergent &, ZBmk@kmhmsm@meame§woﬂﬁ@dépnOﬁnh@&0@@%3@hk¢%ﬁéﬂbfé¥ﬁ%ﬂ$or this
purpose | ncl Yle. MRHAth pJLESSLIGS o F0A1AT, RANAAGRS, Pl RlinROLYATE
coverings, oi Nt EPéa Ions,  ‘pastes, |el sprays, and

aer osol s. Thusmamh&ﬂhmemaﬁawt@&ﬂp&ppbﬁﬁsﬂaﬂmﬂN@SPhwaﬂthuﬂ mpavestre odel i ver ed
via patches or 1ﬁ§9 f or rnal adn]nlSHé§Wé Al ternatively, the
peptide can BEMBFRIVIYLEheED gcggqpngppgﬁy 8 ve polyner, such as

pol yacrylate 30 or acrylate/vinyl acetate copolyner. For |ong-term

applications it night be desirable to use_ m croporous and/or breathable
backi ng %4 ﬁ’é@@@sﬂcewalhfyamdﬂﬁl%ﬁ f@rtomﬁfé@#Iatql%wwfzgﬂbfm?we F 288> Be

m ni m zed. T&ﬁg&@éggbﬂg ébl&&@fé?&l &ihe APREAPESRiBink HbGHBLeaBout Rl Wi | |

provide the Ire |ve and support functions. A SU|tabIe t hi ckness
will general Inyg/mbalfd&imuaM@/llﬂ Jfooe%ﬂ@mh bageemd-¢ mds] al Hope/ed) of one

admi ni strati On fht?}c gi:ptldgs ?g t(l) ent 1 vu"ﬁlon s%‘ucﬁ‘h% ﬁ% U9f:r 1n!il%g)lﬂegr d1s%

exanpl e, t hé & ¥an in a solution for
t opi cal adnimbséﬁaﬂmwn that contalns ethyle acetate (NF), isopropyl
al cohol (USP), and butyl nonoester of poly[nethylvinyl ether/maleic acid]
in isopr&ﬁyl al cohol .
Ointments and creams may, for example, be formulated with an aqueous or oily base

with the addition of suitable thickening and/or gelling agents. Lotions may be
formulated with an aqueous or oily base and will in general also contain one or more
emulsifying agents, stabilizing agents, dispersing agents, suspending agents,
20 thickening agents, or coloring agents. The active peptides can also be delivered via
iontoiahoresis, e.g., as disclosed in US Patent Nos. 4,140,122; 4,383,529; < QI
4,051,842, The percentage by weight of a therapeutic agent of the invention present
in a topical formulation will depend on various factors, but generally will be from
0.01% to 95% of the total weight of the formulation, and typically 0.1-85% by
25  weight.

Drops, such as eye drops or nose drops, may be formulated with one or more of the
therapeutic peptides in an aqueous or non-aqueous base also comprising one or more
dispersing agents, solubilizing agents or suspending agents. Liquid sprays can be

30 pumped, or are conveniently delivered from pressurized packs. Drops can be
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10 Pharmaceutical formulations for topical admnistration may conprise, for
exanple, a physiologically acceptable buffered saline solution containing
bet ween about 0.001 ng/m and about 100 ng/m, for exanple between 0. 1.
ng/mM and 10 ng/m, of one or nore of the peptides of the present
invention specific for the indication or disease to be treated. 15

O ntnents and creans may, for exanple, be formulated with an aqueous or
oily base wth the addition of suitable thickening and/or gelling agents.

Lotions may b, {.0f gy Qtsﬁlqpé%l&és‘id%pa%ggégib&ﬁe,%éyd DAsE AR Wabled @ gener al

al so contain one or nore ngc ts, stabilizing agents,

di spersi ng agkhte ligsidspatads dgpagientos yia2Bp¢duliy kbacdgloagent s, or col ori ng
agents. The active peptides can also be delivered via iontophoresis, e.g.,
as disclosed in US Patent Nos. 4,140,122; 4,383,529; or 4,051,842. The

percent age byrpsahghten pepildoerapRithérdbedgentlated fdrepicdl\weniriontipn asthat  in a
topical fornulation wll depend on various factors, gg%ﬂgener ly wll be

from 0.05% t/aouwis9p Broat WEoricsraplesiBs AHve Greredaty BihR fed é%ﬁiotz fcally

0.1-85% by 20,k gt ﬁs%oi)%lavoc‘tﬂ%b 1AS, QXA QRFosO  ardOKAciH! RPPagafirh; e
formul ated with one or re of the therapeutic peptides in an agueous or
non- aqueous lasiéleaksoprisingihe simgpsiioe ipan it base dichrsiEsiaiy adehceine or

sol ubi l'i zi ng agents_por suspendin ent 1.qQui - ! _ unped,
or are converrénti §dé afl\%f%édn r glrvﬁ%%}cgscéﬁl !‘lgz]g% ﬂgcagﬁréﬁ%%rogg@ ig(gﬁﬁjg%nq 26
del i vered vi dnengomplasuetyde Hgappeariecapped bottle, via a plastic bottle
adapted to deliver liquid contents drop-wi se, or via a specially shaped
cl osure. Phe t herapeutic peptide may further be formul ated for topical

adm ni strati ofhel ghatriiBeutRalNMRWhilla®@nst dHrtBAbresdn@ inveX@iPhey irfche 2t dpvienal
ingredients may be fornulated as a | ozenge further conprising a flavoured
base, usual | yngedipEse RIAMagEHcRRY oPcEPiabEC FAEKRES. FHYEY| éeluy&%%i Kng the

conposi tion i, Al BeLLnDAR8 SHCLY @S nFR! Bl RCaBNTHI8 Y @R 4 SERinples of
such substances include normal saline solutions such as physiologically buffered

15  saline solutions and water. Specific non-limiting examples of the carriers and/or

diluents that are useful in the pharmaceutical formulations of the present invention

include water and physiologically acceptable buffered saline solutions such as

phosphate buffered saline solutions pH 7.0-8.0.

20  The peptides of the invention can also be adminjstered to the respiratory tract. Thus,
the present invention also provides aerosol pharmaceutical formulations and dosage
forms for use in the methods of the invention. In general, such dosage forms
comptise an amount of at least one of the agents of the invention effective to treat or
prevent the clinical symptoms of a specific infection, indication or disease. Any

25  statistically significant attenuation of one or more symptoms of an infection,
indication or disease that has been treated pursuant to the method of the present
invention is considered to be a treatment of such infection, indication or disease

within the scope of the invention.

30 Alternatively, for administration by inhalation or insufflation, the composition may

take the form of a dry powder, for example, a powder mix of the therapeutic agent
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sucrose and acaci a; and nout hwashes conprising the conposition of the
present invention in a suitable liquid carrier. 10 The pharnaceuti cal
formul ati ons of the present invention may include, as optional

i ngredi ents, pharmaceutically acceptable carriers, diluents, solubilizing
or enmulsifying agents, and salts of the type that are available in the
art. Exanples of such substances include normal saline solutions such as
physi ol ogi cally buffered 15 saline solutions and water. Specific

non-1imting 381 HovkIBSBLIch &5 b PharcHl ITHEBLSadRBhp@ASUsST Ul 11

t he pharmaceutical tornulations o e present 1 nvention 1 hclude water and
physiologicalbqpaﬁwﬁmﬁabhmtbmﬁkehadlmammnaaw@kutm@nbsQuwhmagﬂiphosphate

e he i P Rt bligoruRR, e i P rRS Bk il [ beENhe o0 Ba0

al so provideSmaﬁhg&Ql:@ﬁ@mﬁac@uim@@kd&@&ﬂmhaéﬂ@ﬂﬁﬂﬂ&dmﬂ@sagepmﬁﬂwmaifor use
in the nethods of the invention. general such_dosage for.ns onprise an

amount of at meisid d@??elllgﬁlcrt(%Dgg‘M% wrropuer inhyerliselRee PRl ipe Stot r eat or

prevent the clqg;m&@bm%mg 18ke, & PSS bhﬁa'ﬂi‘fe%t bON 971208 S@chRRHar
di sease. Any 25 statistically significant attenuafion of one or nore

synpt ons of ahmuhﬁéagkmd%ﬁmﬁhdlcatlon or disease that has been. treated
pursuant to the nethod of the present invention is considered to be a
treatnment of such infection, indication or disease wthin the scope of the
i nvention. 3 OTidrdpentiah eipviéé:syqf theoprespaninmdisivn adn gso lixyadnnhiaie&*kii iman equeous

insufflat he tion may take the for f a _paowder , for

exapl e 4 o RRoR B ol A dHTIeo Prstha Thts b ane i Honder
base such as prAchQseiQr ﬁ)h@ﬁl@hons-r%yp(wﬂ@ﬁsecO!EHQO%k:iﬂqﬂEl mAyshy@slopessent ed in
unit dosage formin, for exanple, capsules or cartri

dge
gel atine or HATETRC PR BHehTORHicaoR R nr%ﬁi}“t@gjoéd‘i‘ﬁ/ﬁa %"tde‘%éﬂt with
the aid of apg phal @f%'he of AW 5 BL QEpticRE of ¥l ELRIMIQRRn isphdiefor GiRee, for

exanpl e, the pressurized
indication or disease to be treated. Dry aerosol in the form of finely divided solid

15 peptide or nucleic acid particles that are not dissolved or suspended in a liquid are
also useful in the practice of the present invention. Peptides of the present invention
may be formulated as dusting powders and comprise finely divided particles having
an average particle size of between about 1 and 5 pm, alternatively between 2 and 3
pm. Finely divided particles may be prepared by pulverization and screen filiration

20 using techniques well-known in the art. The particles may be administered by
inhaling a predetermined quantity of the finely divided material,-which can be in the
form of a powder. It will be appreciated that the unit content of active ingredient or
ingredients contained in an individual aerosol dose of each dosage form need not in
itself constitute an effective amount for treating the particular infection, indication or

25  disease since the necessary effective amount can be reached by administration of a
plurality of dosage units. Moreover, the effective amount may be achieved using less

than the dose in the dosage form, either individually, or in a series of administrations.
For administration to the upper (nasal) or lower respiratory tract by inbalation, the

30 therapeutic peptides of the invention are conveniently delivered from a nebulizer or a

pressurized pack or other convenient means of delivering an aerosol spray.
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5 netered dose inhaler (MD) and the dry powder inhaler disclosed in

New nan, S.P. in Aerosols and the Lung, Carke, S.W and Davia, D. eds.,
pp. 197-224, Butterworths, London, England, 1984). Therapeutic peptides of
t he present invention can also be adm nistered in an aqueous 10 solution
when adm nistered in an aerosol or inhaled form Thus, other aerosol

phar maceuti cal formulations may conprise, for exanple, a physiologically
accept abl e buffered sal i ne sol uti on contai ni ng between about 0.001 ngy/m
and about ne or the p es p en

i nventi on spgbes?q}%%g% orPife mn56ll ca ?np%rsie Ol’gdl glg(taaglg tgp(ﬁjeﬁit?‘r?eaigg EIIl)&'ry
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having an average particle size of between about | and 5 m teg' natively

bet ween 25anéhcBideghut i rrsit Wf@h‘tcxﬁll the dhgsardepeived ipdy-Shé aﬁﬁieﬁa?’e‘w
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powder. It w]|l be ap cCi ate the o} edi ent
or ingredi eﬁng%%‘ﬁ{iaﬁ‘?g’cc?‘? h@ﬁg % ?/lll% %E% dslgU %’E Agﬁé lcﬂ(ilg[gage form
need not in phifRkdal CONMalchbib CAN 1&&1&&@@% aaﬂiﬁuﬂiauf)m,ﬁhd theapdurig agdne
particular infection, indication or 25 di sease since the necess

ef f ect | va0 anBunElseds HWBiHEaeh s 185 SURFA STHGEREh B 3 Vi P fIay ?‘g}ﬁ%f dosage

uni ts. Mor eoél%frxizeli‘ B?m@tfeie@%bé’ B AP URbicIBY aRehifGHhe iRdvVitteiniiger (®e@rop han the
dose in the dosage torm either individually, or in a series of

adni ni str at i embthe Medthaled(Rik¢3t rati on to the upper (nasal) or |ower
respiratory tract by inhalation, the 30 therapeutic peptides of the
invention are conveniently delivered froma nebulizer or a pressurized
pack or ot heFutlmveri ert acearisgodicae mayeslimbe anedér oswobingjmnayith 2gher

Pressuri zed ngﬁl}(}gutp?yag%ggpr%osec)z{adrgp é}t %g{ne Pf;g\f&el lant . syich By agents,

antihistamines, bronchodilators and the like, whether for the conditions described or

some other condition.

The present invention also provides a screening assay for peptides that have low
20 toxicity for normal human or other animal cells but have desirable antimicrobial, ¢.g.
antifungal, properties (permeabilising fungal cell membranes, lysing or otherwise

killing or inhibiting the growth of fungi).

Candidate peptides may be obtained from libraries of the peptides of the invention as
25 described herein. The peptides can also be individually or rationally designed to have

specific structural features.

The invention will now be described by way of Example only with reference to the
following figures:

30
Figure 1 shows the amino acid sequences of four peptides according to the invention;
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di chl orodi f1 uor onet hane, trichl orofl uoronethane, dichlorotetrafl uoroethane,
carbon dioxide or other suitable gas. In the case of a pressurized
aerosol, the dosage unit rmay be determ ned by providing a valve to deliver
a nmetered anount. Nebulizers 5 include, but are not limted to, those
described in U S. Patent Nos, 4,624,251; 3,703,173; 3,561, 444; and

4,635, 627. Aerosol delivery systens of the type disclosed herein are
avai |l abl e from nunmerous comer ci al sources i ncl udi ng Fi sons Corporation

e ol ey SRk TP REIS L CBER e SRR o WO 0 AREL I, AN NOS 00

Co. (Vhlen0|a ra-nasa ation, “the t peutic agent
10 may al so bﬁ)adnkmn&@ﬁﬂeﬁﬁmﬂaeﬂm&mAﬁﬂmmspqambsqﬂﬁgnsmray, such as via a
plastic bottle atom zer or netered-dose hilnaler. Typical of atom zers are
the Mstoneter (Wntrop) and the Medi haler (Riker). Furthernore, the

active ingredignts iRMisRbsth %dﬂmmg ﬂlecﬁ‘?@@!lﬂﬁ%e%ﬂn&ﬂst h rabAel aftel &) 4
therapeutic agénts, for éxanple, pain relievers, anti-inflammtory agents,

anti hi starfin yg@ﬁdhbﬁ@ﬁ$Péﬁ@ﬁ@méﬂﬁhﬁhéW@ﬂ@@(ﬁﬁh%W%br for the conditions
described or sone other condition. The present invention also provides a
screening assay for peptides that have low 20 toxicity for normal human or
ot her ani mal Kelbtd 1b|at1115h@gmn@emonsadahm dmtgrevtbrofthafupge, Gandidnvitfangal |

(i TPing o | RRPER Phiy Bt ey bR 6o ForgTe . CARaiPaRl e BEPERAdS may be

obtained fromlibraries of the peptides of the invention as 25 descrlbed

herein. The peptldes can al so be |nd|V|duaIIy or ratlonaHW¥ g) dto
have spddi fifagwe f it histapramelpyngdhe 1HIES OhY APCITBION FPHEUTH LT i bed by

way of Exanpl Ie(sz‘%éuhe E)E'Jlﬁﬁceé’i%@tﬁ & &DBidal Bik Mg o 24%?@@&1:13&1‘[’:' gure 1
shows the am no acid sequences four peptides according to the invention;

29
Figure 6 is a graph showing Candida spp. survival at 24 howrs in the presence of a

range of doses of peptide 4 as shown in Figure 1;
15
Figure 7 is a graph showing the survival of 3 different strains of bacteria at 24 hours

in the presence of a range of doses of peptide 4 as shown in Figure 1

Figure 8 is a histogram demonstrating the synergistic impact of 0.01% acetic acid on

20  the antifungal activity (against 7. rubrum) of peptide 4 (1mg/ml) at day 3 of growih;

Figure 9 is a histogram demonstrating the inhibition of T. interdigitale and T.rubrum

by peptide 4;
25  Figure 10 is a histogram showing the effects of Peptide 3 and 4 on 7. inferdigilale;

Figure 11 is a histogram showing the effect of acetic acid on growth of T.

interdigitale;

30  Figure 12 is a histogram showing the effect of polylysine on T. interdigitale growth;

30



Figure 2 is a histogram denonstrating the growth of the fungus, 7'
interdigitale after (a) 4 days and (b) 7 days of treatnent wth the
peptides of Figure 1; Figure 3 is a histogramdenonstrating the growth of
the fungus, T. rubruna after (a) 4 5 days and (b) 7 days of treatnment with
the peptides of Figure 1; Figure 4 is a histogramdenonstrating the growth
of the fungus, Candida al bicans, after (a) 24 hours and (b) 48 hours of
treatment with the peptides of Figure 1; 10 Figure 5 is a histogram show ng

the results of. se-.response er ent..f or 1. 2SN o4 MheFi gure
1) on the gr ogigﬁmglf% 1&sn§§§§a:§|%§3§%ﬁghg§@§s§%@ﬁ oI:]Jer&tdrﬂe?é?%ﬂ 1nt ; ? F%Lgure 6
is a graph shgwwigofQandida;, spp. survival at 24 hours in the presence of a

range of doses of peptide 4 as shown in Figure 1; 15 Figure 7 is a graph
showi ng the survival of 3 different strains of bacteria at 24 hours in the

presence of ariaRAe i9f LdQSeS) WovhePihe Ghikkiias oSOy digidr QW' e ridbrumfiygur e 8
is a histogram denonstrating the synergistic inpact of 0.01% acetic acid on
20 the ant}fupdal-aginingi ty (against 7. rubrunm) of peptide 4 (1ng/m) at day
3 of growth; Figure 9 is a histogramdenonstrating the inhibition of T.
interdigitale and T. rubruna by peptide 4; 25 Figure 10 is a histogram
showi ng t he efifpect §5 df Pdpitogien 3staming tlen elfecti nf etrmdgbetdalcel}cemﬁﬁgur@g 11 is a
hi st ogram show,ng .t he effect of etic.a ild- on growth of T. interdigitale;
30 Figure 12 PUYREIHPEPD r’é{%{@ﬁ%ﬁg’”f‘eﬁ%ﬁ%?’ect of polylysine on T.
interdigitale gromh; 30 Figure 13 is a histogramshow ng the effects of
pol yl ysi ne and pol gar gi.ni ne on the gr‘Pw_tq of T. rubru Figure 14 is a
hi st ogr am & hoWiEwg 1P ke mrarBrshevingtherelieetal drnmprsiop dheaan of 7r iF it by 5
poly-L-arginine; Figure 15 is a histogram showi ng the effect of a reduced
concentration of .

Figure 17 is a histogram showing the effect of Peptide 4 and NaCl on the growth of

T. interdigitale,

15  Figure 18 is a graph showing the effect of Peptide 4 on Candida albicans at increased

salt concentrations;

Figure 19 is a histogram showing the effects of polylysine and polyarginine on the
survival of Candida albicans;

20
Table 1 lists human bacterial, fungal, parasitic and enveloped viréll"pathogens

treatable by the peptides of the invention;

Table 2 details the peptides which correspond to the amino acid polymer codes

25  shown in the Results and Figures.

The invention will now be described by way of reference only to the following

examples

30  EXAMPLES

Materials and Methods Reagents
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polyarginine on T. rubrumand T.. interdigitale; 10 Figure 16 is a

hi st ogram showi ng the effect of trimers on the gromh of T. rubrum Figure
17 is a histogram showi ng the effect of Peptide 4 and NaCl on the growth of
T. interdigitale; 15 Figure 18 is a graph showing the effect of Peptide 4
on Candi da al bl eans at increased salt concentrations; Figure 19 is a

hi st ogram showi ng the effects of polylysine and pol yarginine on the
survival of Candida al bicans; 20 Table | lists hunman bacterial, fungal,

parasi tic andinualapark.y bl AU RGNS LEEALANG, biuk bewpepl des of L he

invention; Ta det al tides correspond to the am no acid
pol ymer codeslhvi2bgshbwmuest, ChsbReIUAt §Sand Wrguwbtasned Thoen irpeetdd on wil | now

be described by way,.of ferepce. only to the foll|own Les 30
EXAMPLES Mat ePPRIS. NReMRSt FdeoaiRy: el G Sigmahidt TR T ed

ei ther by sol Cenphgsadsymbhesits. Todeaktscoit Hael, Pyphilizedigepiiigenasdl3voquest ,
Carl sbad, CA, USA or were obtained froma peptide_ supplier, NeoMPS SA
(Strasbouryy, IFeRfRdeds aoitodh) sohaiomP ORM ek i agry bEBHEPRAYC CERICPool e, UK) .

For tests wi téa%%asﬂgmehmmi g SRl de. @%a%gr BPaERASaRaSt 0Ck

solution of 1, I'n assay buffer. Wiere explicitly stated in
experiment s facetin avhi whs dddgdah sol@nignd fBplrondchimigecigeiier at ed, acetic acid
was added as a solvent to a final concentration of 0.5% Patho erns 10
Trichophyton interdigitale (NCPF 117) and Tri chophyton rubrum ( NCPF

Pathogens

10 Trichophyion interdigitale (NCPF 117) and Trichophyton rubrum (NCPF
335) strains were obtained from the National Collection of Pathogenic Fungi,
Bristol and maintained in culture by transfer at approximately monthly
intervals on slopes of Sabuoraud’s agar and Potato Dextrose Agar at 30°C.
Candida albicans strain 3179 (obtained from the National Collection of Type

15 Cultures [NCTC], Colindale) was mainfained in Oxoid Mueller Hinton Broth
at 37°C. Streptococcus pyogenes strain 8198, Staphylococcus aureus strain
10642 (methicillin-resistant), and . coli 0157 strain 12900 were obtained
from the NCTC, Colindale and maintained in Oxoid Mueller Hinton Broth at
37°C.

20
Fungal Growth Sensitivity Assays

To determine the sensitivity of fingal strains to each of the test peptides, their impact
on fungal growth was assessed as follows, Suspensions of 7. interdigitale and T.
rubrum conidia and hyphal fragments were prepared by adding 10 mi of fresh
25  Nutrient Glucose Broth (NGB) (Oxoid Nufrient broth containing 2% w/v glucose) to
a slope culture and agitaﬁ_ng with a spatula. The resulting conidial/hyphal fragment
suspension was filtered through 2 layers of sterile surgical gauze to remove large
hyphal mats and pieces of agar. 20 pl of this suspension (absorbance at 540 nm
around 0.1, corresponding to approx 10° propagules/ ml) was incculated into cach

30 well of sterile, 96 well microtifre plates to which a total volume 80 ul of nutrient
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335) strains were obtained fromthe National Collection of Pathogenic
Fungi, Bristol and maintained in culture by transfer at approxi mately
nmonthly intervals on slopes of Sabuoraud's agar and Potato Dextrose Agar
at 30C. Candida al bleans strain 3179 (obtained fromthe National

Col l ection of Type 15 Cultures [NCTC], Colindale) was maintained in Oxoid
Muel | er H nton Broth at 37C. Streptococcus pyogenes strain 8198,

St aphyl ococcus aureus strain 10642 (netbicillin-resistant), and F,. cols

0157 strain s[a W 02T WY ained in
Oxoi d Muel | e%%qﬁ?gﬁ&@ g{?cL sgrgl?%lg%ggg g%%él‘?g&lu &ger@‘flt@\i w{ggﬂ) Agsays To
det er m ne t hexddensiobirsli W@Ils@i&exé thogain \ﬂﬁds}aﬂhnfmai(‘asm@hluofe dffie0tlests nept i des,

their |rrpact on fungal graowh vvasase s. fol] us nsi ons of T.
i nt er di gi t al é'Pandiiy N%Ef' UBFYER EORFdPES af Ve}‘?ﬁ/%ﬁalapﬂhr"g‘é%eﬂ % $V€pared by

adding 10 m daﬁcefnfr&m a%Sth%ltgefm@eﬂgm@léM%@) Briagd g@é\l@)wﬁ}@ﬁ(@h@plﬁk&b fieagnt broth
containing 2% w v gl ucoseéﬁlnd a slope culture and agitating with a
¢ all

spatul a. The mesigtadibygbew %Qy}aha?l a Micaejrlepletc readshalivs 2on A 24 V't er ed

t hrough 2 Iay surgical gauze to renove |arge hyphal mats and
pi eces of agarﬁnfggaih%gtt?’wcs suspensi on (absorbance at 540 rnr around 0.1,

correspondi ng to approx 106 propagules/ m) was inoculated into each 30

wel | of steri{,e,,EG wel | m cr?tit‘re plates to which a total volune 80 | of
nutrient 32 ppropriate anount of peptide solution
had previously c&@@:ﬁime&ﬁtd@ﬂml@@%ﬂ f@xhga‘il\ﬂjrduﬁs t%ﬁcﬁ dfiresest peptidd, divitingadtmal
assay vol une of 100l was nade i um al one, gl us solvent (if

appl i cabll® arfé Gapd ldhémg%(ﬁbwasc?é??éfé’ﬁtaﬁ gﬁﬂi"&’ﬁ Cégﬂzflﬁé” SRIBETEeE FsMeer 1 so) .
Fungal growt fﬁmﬁews%rwﬁ 4!9&%%&0%@ ﬁemntmg eﬁlmmyov@m@ﬁ hapcenafu®d0 M in

aM cr otek plate reader after 24h day and day incubations at 30C.
at 2000 x g for 10 min and washed with fresh Mue]ler mnton Broth, adjusting the
number of viable cells to between 5 x 10%and 1 x 107 /ml. Assay buffer was prepared
by adding 100 pl of NGB medium to 6.9 ml of 10 mM sodium phosphate buffer, pH
15 7.7. 35 pl of assay buffer with or without a range of peptide concentrations was
added to a sterile polypropylene screw-capped vial and 15 pl of the Candida albicans
inoculum described above was added. The vials were incubated at 37°C in a water
bath for 2 h, and the number of Candida spp. surviving was determined by serial
dilution in sterile phosphate buffered saline (PBS) and plating out onto 9 cm. Petri

20  dishes containing Oxoid Sabouraud’s Agar (20 ml). Counts were made afier

incubationof these plates at 37°C for 18-24h.

Bacterial Survival Assays

Streptococcus pyogenes strain 8198, Staphylococcus aureus strain 10642
25  (methicillin-resistant), and E. coli 0157 strain 12900 (all obtained from the
NCTC, Colindale) were grown for 18-24h then stored at 4°C prior to use.
Fresh cultures grown overnight were cenirifuged at 2000 x g for 10 min and
washed with fresh Mueller Hinton Broth. Sensitivity to each of the four
peptides was assayed as per C. albeans described above. For E. coli and &.
30  aureus, the starting number of cells for the peptide sepsitivity assay was 10

/ml and the medium wvsed for enumeration was Nuirient Agar (Oxoid). Str.
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Candi da al bi cans Survival Assays To determne the sensitivity of fungal
strains to each of the test peptides, their inpact 10 on Candi da survival
was assessed as follows. C. albicans cultures were grown for 18- 24h then
stored at 4C prior to use. Fresh cultures grown. overnight were centrifuged
at 2000 x g for 10 mn and washed with fresh Miueller H nton Broth,

adj usting the nunber of viable cells to between 5 x 106 and 1 x 107 /m.
Assay buffer was prepared by adding 100 | of NGB nediumto 6.9 m of 10 mV

sodi um phosphate buffer, pH 7. 7..35 |.of ) huffer with or without a

range of pepﬁ?@?”@&ﬂ@@ﬁ??g?#%ﬁ?tW%ghméﬁﬁgﬂoPo %5%&@???%?%%%%9g?opylene

screw capped ¥d dhrtiddBumBed of c@fs tbhedcanshysaadlobicc tias that fochd ather descri bed

above was added. TheHéials were incubated at 37C in a wat er aath for 2 h,
i

and the nunbétaiss. @alfti Rl SHp Presmes vrmalhags EPHeAdE gy VS8 al  dil ution
in sterile phggg . § ) and plating out onto 9 cm Petri
20 di shes cont .ﬂ%ﬁﬁy%ﬁgégﬁ@%ﬁ%ﬁpgggﬁéaﬁgér (20 mM). Counts were nmade after
i ncubatiog of these plates at 37C for 18-24h. Bacterial Survival Assays
Streptococcus pyogenes strain 8198, Staphyl ococcus aureus strain 10642 25
(nethicillin;%géﬁstant), and E. coli 0157 strain 12900 (all obtained from
the NCTC, |l e) were grown for 18-24h then stored at 4C prior to use.
Fresh cul tures grown overnight were centrifuged at 2000 x g for 10 nun and
washed wi t h fsigsiobiEl¥@op Aot op. Boweththy Peetidistlidvi ty to each of the four

peptides was assayed as per C. al bcaps described aboye. For E.  cqlj and S.
30 aureud? t H&%t PF@%@IﬁEWﬁErdﬂpwgeﬁpggf8@£?%@&pggF%%g&?eﬁgH?Wv%bg assay
was 108 /™ 7apflythg iR, Wellod@fcd SRAURBIREE prtvivasty Mt nentiaAgad
(Oxoid). Sir. Bé pyogenes grew |l ess well than the qther strains,on Mieller

H nton agar awethode seatine gt PYitngedilmpEsnecoRE] |c8ltyEs) FHRSEO RIS Yas | over

than that for the, tﬂféx’é/mlsgf Biiise Aty OB hiMshowtt fn FRYREENEGowHE \EVRI  was
det erm ned using Oxol _ _
interdigitale and T. rubrum was assessed by measuring the optical density

15  (absorbance at 540nm) after 4 and 7 days in culture. Compared to control, un-treated
sanples, each peptide tested significantly inhibited 7. interdigitale (Fig. 2) and T.
rubrum (Fig. 3) growth at day 4 and 7. Control cultures of each test strain continued

to grow, as indicated by increases in OD readings, between days 4 and 7.

20  Inhibition of Candida spp. erowth and survival by Peptides 1-4

The yeast Candida albicans was culiured, as described previously in the materials
and methods section, in growth medium alone (ooiit%ol cultures) or in growth
medium containing 50ug/ml or 100pg/ml and 300pg/ml or 500pg/ml of peptide 1, 2,
3 or 4. Growth of C. albicans was assessed by measuring optical density (absorbance
25 at 540nm) after 24h (Fig. 4a) and 48h (Fig. 4b) in culture. Compared to control, un-
treated samples, each peptide tested significantly inhibited C. albicans growth in both
a time and dose-dependent fashion. Dose-dependency of growth inhibition was
further confirmed in experiments in which C. albicans growth was assessed optically
after 24h in culture under control {(growth medium alone) conditions or in the
30  presence of a range of concenirations of peptide 1, from S0pg/ml to 500pg/ml (Fig
5). In a separate experiment, C. albicans survival was assessed after 18-24h in

cultures grown in medium alone (controls) or those including a range of
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Trypt ose Soya Agar in place of Nutrient Agar. 5 Results Inhibition of

Tri chophtyon spp. growth by Peptides 1-4 10 Two clinically rel evant dernal
fungal pathogens, Trichopyton rubrann and Trichopyton interdigitale, were
cultured, as described previously in the materials and nethods section, in
growt h medi um al one (control cultures) or in growh nmedium containing
509/ of peptide 1, 2, 3 or 4 (shown in Figure 1). Gowh of T.
interdigitale and T. rubrurn was assessed by neasuring the optical density
15 (absor banc r

control, un-tfea ntrg Onrsm % m% 4 ﬁfé“ﬁﬁg%@&ﬁﬁ I'1es Oggn}éﬁgﬁ' PI Cgﬁ?‘{ggl f’llhl bi t ed
T, interdigi t(&lcﬂbzé&?isgngaa)snamk afsesseﬂlblyl’vwhﬁllt‘f Edugpts dfer Bdtointdultet, dbayeakdand 7.
Control cultures of each test s continued to grow, as indicated by

i ncreases i n OB PEALPAYET Bk I‘P&st 4 and 7. 20 Inhibition of Candida
spp. growth and survival by Peptides 1-4 The yeast Candi da al bi cans was

cul tured, as descrlbed preV|ousI in the materials and nethods section, in
growt h medi urinibisia ‘ ePNdet | n grovvth rredlumcontalnlng
50g/m or 10 0 o] 6 G owt h
of C. al bi caglg{‘év?}as(ﬁglg%g}gsrg{ } h%cgeg%?%agﬂ Oggliica?& en5| En;/ E)gﬁolg l?}%éte 25 at
540m) af t er S2dioyloBdagus dayeran@IRBh) Gid g?rfeﬂfoaoacﬂs pubdeuese weRongasell 450

Com T oo SR B SP SER DR 5 S 5 0 et 1

Dose- dependengygeQff coid@diions bT piptiden. msraisdﬂomeshcsamfplersmseaadhrbaax@ari ment s
in which C. albicans glrowth was assessed optically  after 4h in culture

under corf®r olcultge otfh Frasliened 40 GPRYPEGHAPH] Bhvse oWt PRYA Iy @ fEe of a
range of Con(hﬁﬂltb[‘%l@tdfqﬂéolé)fcd@ﬁﬁg 'ng%oﬁltrol f@%%@%&ﬂﬁ{@mppaﬁﬁ%&@’ Hrovkdil 9 5) .

In a separate experinent, C bi cans survival was assessed after 18-24h in
cul tures growrediym n@ﬁ@m&!ﬁpﬁr@ Poompico bsspssot afitidSeldibndlitadbngl arpatiye of 34

Peplide 4 significantly inhibited survival of each bacterial strain (Fig. 7) compared to

control, untreated cultures, in a dose dependent manner.
15

Acelic Acid enhances antifungal activity of peptide 4

As both control (non peptide) and test (containing peptide 1, 2, 3 or 4) media in
experiments shown in Figs 2 and 3 contained 0.5% acetic acid as a peptide solvent
(detailed in materials and methods section), a separale experiment was set up to

20 ascertain whether the acetic acid itself might play a role in pepiide activity and/or
fungal survival. To this end, 7. rubrum growth experiments were established as per .
methods and materials section, with growth medium only, growth medium containing
only 0.01% acetic acid, growth medium containing lmg/ml peptide 4 and growth
medium containing 1mg/ml peptide 4 plus 0.01% acetic acid. Growth of the fungus

25  was determined by OD as described previously after 3 days in culture. As expected,
peptide 4 inhibited 7. rubrum growth. 0.01% acetic acid alone had no significant
effect on 7. rubrum growth (Fig 8), but when included in the medium with peptide 4,
the presence of 0.01% acetic acid significantly inhibited 7% rubrum growth more than
Img/ml of peptide 4 alone.

30  Inhibition of T. interdigitale and T. rubrum growth by Peptide 4




concentrations of peptide 4 spanning 1g/m to 1000g/nl (Fig. 6). Survival

of the C albicans organisns, as assessed by viability counts after 24h in
culture, decreased in a dose-dependent manner (Fig. 6) 5 Inhibition of
Bacterial Survival by Peptide 4 Three clinically rel evant bacteri al

pat hogens, E.coli 0157, nethicillin-resistant Staphyl ococcus aureus (MRSA)
and Streptococcus pyogenes were exposed, as described previously in the
mat erial s and nmet hods section, to a range of containing a range of

Concenj[ rati Onf_sheofnhﬁﬁlgw gﬁeeﬂs o‘f‘fﬂ; fia@ 4P8H 'tﬁg g%wtﬁ%f ?%%ﬂbﬁ@ro@f S@aG\ﬂis
bacterial 10 culture Wwere transferred to appropriate 'solid ghase growt h
nedi a pl at es detmimirké by furgbbgrowdf astivad r ootanlsendimetosiat Fordgt siwth medi um

only) and treated (growth .medium containing pepti. _ o essed
after 18- 24h.”1%f‘$%£ag%ﬁleﬁef C%{g‘ge?siﬂ’r l@?amaearl)?l}ed% P Iglgdgiﬁllgfcﬁ)ggni :%hﬁlﬁ?@?t ed
survival of eagfnbagdgil Bdptilh HaNe aédhcgeid Tas paspatedytsampearitedin oulyt r eat ed
cultures, in a dose dependent manner. 15 Acetic ég%g engan es_ﬁntbfungal
activity éf-ﬁ@ﬁ?ﬂ8€@ﬁ3¢§dﬁbﬂhm%%ﬁPW$gﬁwﬁﬁﬁfﬁéﬁP?E ) Pafi e oM 8 &i ni ng
peptide 1, 2,43-Qrw4) aBBGhifed By @XPEHI ARALRriBAOWRvidisly 8%r 2@N6u3 ¢font ai ned
0.5% acetic acid as a. peptide”sol vent detailed in material s and net hods
section), a sepdeitnealeX3er trehownds Kane Jp thege 20agseddipaph enBHREPTYt he
acetic acid it ] p a 1€k epti.de i,Vity andlor.fiunga
survival . To‘#%?ég%gﬁgﬂgqfégﬁﬁ ﬁgghfggg@p %?%%ﬁ?gL%%fﬁﬂ%stagligﬁed as per
met hods and nmhgsibmlysnaeghiceptiblavo the gihdhitohy efatisuhPepiide 4 geaneht thadi-um

cont ai ni n only 0.01% acetj.c, acid, growh. nediu ont.ai ni ng. | ./ pepti de
4 and growth’ ”}%‘81' uﬁ%no%thto i#i wyrle W?femr‘;ggdfmp]l% éldﬁ.cé’%og?:ue@f ggjf aci d.

G owt h of the fymngus 25 was determ ned by OD as described previously after
3 days in culture. As expected, peptide 4 inhibited T. rubrum grow h.
0.01% acetic acid alone had no significant effect on T. rubrumgrowth (Fig
8), but when gmcluded idns 4 hey ABLrUM Wit RuPERIiHe 4, the presence of 0.01%

acetic acid signrfircantly tnhibrted T rubrumgrowh nore than
The antifungal potential of Peptide 3 and Peptide 4 on 1. inferdigitale was assessed.

15 Growth inhibition assays were performed as per materials and methods i the
absence of acetic acid, As Peptides 1-3 are highly hydrophobic and therefore
insoluble they had only previously been tested against Trichophyton spp. in acetic
acid as solvent. When T, interdigitale cultures were grown for 7 days in the presence
of Peptide 3, Peptide 4 or medium alone with no acetic acid solvent and growth

20  measured by OD, Peptide 4 was seen to significantly inhibit fungal growth (Figure
10), whereas Peptide 3 showed no inhibitory activity (Figure 10). This increased
activity of the cationic Peptide 4 over the hydrophobic Peptide 3 in the absence of
0.5% acetic acid suggested a significant contribution of the acetic acid to the activity
seen for the hydrophobic peptides previously.

25

Effect of acetic acid on the growth of 7. inferdigitale

The inhibition of growth of T. imferdigitale by acetic acid was assessed by
establishing fungal growth experiments as per the materials and methods section. 7.
interdigitale cultures were either grown untreated or treated with 3 different
30  concentrations of acetic acid at 30°C for 96 hours (Figure 11). This illustrates that

there is a sigpificant effect of 0.5% acetic acid the same conceniration as was used

36



Img/ M of peptide 4 alone. 30 Inhibition of T. interdzitale and T rubrum
g-rowth by Peptide 4 35 The inhibitory effects of Peptide 4 on the growth
of Trychophyton spp. was determ ned by fungal growth assay as per
materials and nmethods. T rubrumand T. interdigitale were cultured in

medi um al one .or in mediumcontaining 3 different concentrations of Peptide
4. No acetic acid was present in any sanples. Mediumonly 5 controls were
used to illustrate background absorbance of the nmedia. G owth of the
fiuigus was d CF urs of
i ncubati on at %@tgé%)p&gi lteb%uggagg?lg&g jhﬁ ngéédatgés{g%c}%}\? {lt%?rﬁee l%k Qp

i nhibitory ehétadty oﬁPeﬁdendd}edab@ﬂsnct éagtiowntith safgetottat Baeide d3s bf nfqahgl

with T interdigitale c nsi.st ‘llfé’ nore susceptible to the inhibitory
effects of Peﬁ‘tqi"ﬁéo‘ﬂpcf 5@%‘7&?‘? %7 rubrum Growth of T.
interdigitale was inhibited at Peptide concentrations of 0.55ng/nl.

Ef fects of Petldes 3 and 4 on 71 |nterd| gitale Growth The antifungal
potential of B I3 SUPOHLT. erowiat er di gi tal e was assessed. 15
G owt h i nhi bi S S @ds in the
absence of acpesxltS ?jg tg% 4’&%5& H&Eﬁlg ﬁﬁ%ﬁ@ﬁ%ﬁ%ﬂe g?%\l ﬁ %F%/ﬂéyﬁlrdo%%g%? e(r:%%%d
therefore i n&mlanbﬁegfulmywhadf miwd foriey b theby agerecidssvasdedehigegnt T

Tri chophyt on S acetic s_sol vent t

cul tures were g‘?%’ azf o™ g&“a‘%?'g ’ﬁ’lﬁbl? Ha aﬁ?‘éssaesndéﬂeawgfm &m IQ%%@H%B‘O@% de 4 or
medi um al one tetdbsdie af ekt agd.dCsatoletitreated ng‘zﬁmkdiqﬂﬂe welasey el bl}bseﬂi),
Peptide 4 was seen to significantly inhibit funga ur 10)

wher eas P&pt i eRotadnias SGiEch dupini et 0ry/ ™ of ipglstly (ﬁ?"gﬁ‘f’g‘:@% ran fher eased
activity of the;gallapiCadeRblbe 1@31&%@511 Ee'ﬂglhm‘é;é QphaRkh&d. Eﬁ@&ih@ﬁ“ e N the

absence of 0.5% acetic acid suggested a significant contribution of the
acetic acid t@adgiraeti ¢ichypultuesns hgsessehaltdnydrheptscd 80" Co Beth wes oppa¥i ousl y.

25 I-Lysine molecules inhibited the growth of the T. imferdigitale (Figure 12) but

whereas the larger molecule inhibited growth at all concentrations tested, inhibitory

15  activity was seen with the molecule of 27-100 amino acids in length only at higher
concenirations (Figure 12). This suggests that growth inhibition effects of Lysine on
Trichophyton spp. is both size and dose-dependent.

Effects of Poly-L-Arginine and Poly-L-Lysine on the growth of 7% rubrum

20  The antifungal activily of poly-L-Arginine versus poly-L-Lysine was then tested
against T rubrum. The inhibition of growth was determined as per materials and
methods in the absence of acetic acid. 7. rubrum was cultured in medium alone, in
medium containing poly-L-Arginine (28-86 amino acids in length) and poly-L-Lysine
(100-200 amino acids). An uninoculated medium only conirol was also established.

25  Cultures were maintained and growth monitored for 96 howrs at 30°C. Poly-L-
Arginine and poly-L-Lysine both inhibited the growth of 7. rubrum (Figure 13).
Poly-L-Arginine was more active in its inhibitory impact against I° rubrum than
poly-L-Lysine when tested at equivalent doses, totally inhibiting growth at Img/ml
(Figure 13).

30
Inhibition of T interdigitale and T, rubrum by poly-L-Arginine
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Effect of acetic acid on the growmh of T. interdigitale The inhibition of
gromh of T. interdigitale by acetic acid was assessed by establishing
fungal growth experinments as per the materials and nmethods section. T.
interdigitale cultures were either grown untreated or treated with 3
different 30 concentrations of acetic acid at 30C for 96 hours (Figure 11).
This illustrates that there is a significant effect of 0.5%acetic acid

t he sane concentration as was used 36 with Peptides 1-4 previously as

sol vent. This, gexperiment.to th r. W t tide 3

in the absenceﬁ%gﬁgwethf§8 Eédykggw%ﬁ Ppg%b?&' %QFUH? %%gg%gactlve

conpound agai &stngliy @h@ﬂt@f@@m SRPiméntEhS @eﬁtth@ﬁmt%ehm-dhd my(ame semiof.. 7.

intei Ldigital e gromth Peptide 4 is a highl catlonlc%fe t|de conpri si ng
Lysi ne and Argibrymend ki ileedgitale kaltypt “Pt?n@‘éhel FEPVY iR yGHUHHIPCL O G s of

these am no aﬁ%ﬂﬁm"c‘%ﬁtgﬁﬁ%tﬁﬁ d@&ﬂﬂ &ﬁ&en-tl;attoﬂs 3k ﬁélg '}'_g}f\}g%hﬁe (&) A6k CHoRW 43

i nhibition assays as In materials and nethods in the absence of
acetic acid. ﬁi@smnt 0111 anunsmleré(tsed\/ladlum ntcetrQIngWtslal msedutot uhegatarmﬂctm@@e 10

cont ai ni ng betme 5 S gi ng
from 27-100 ?égﬁﬁﬁﬁs ﬁ%lfﬁg g “@%5? Hggn%%glend% mere sé%b shed.

G ow h of t hedekeribed @E@[dids@laﬁaﬂ i3 }hdmsaﬁfdzlibubatldnwlt éo‘*ﬂa@@lesbﬂssléﬂnglmae is96 hours
at 30C. Both sizes of Hﬁ@ ysi ne qp Ies | /#E%,the rowt h of the
T. interdigi t%F’etO(‘?ﬁa(jﬁYeeagf@ft { SPecifeiduie fpm o SEUF &) nhi bi t ed
grow h at all concentrations tested, inhibitory 15 act|V|ty was seen with
the nol ecul e of 27-100 am no acids in |ength onIy at hl%p con%entratlons

(Figure 10). Hffs of ueryeed sonchniratign diitaieinalhiob EUBRYE &
Tri chophyton s both size and dose- dependent Effects of
Pol y- L- Ar gi ni ﬂgg%ﬁ%ﬁ%oly L-Lysine on the growh of T. rubrunz 20 The

anti f ungal aCﬂuymh&nmmtﬁghywhoATgrhnmemnepﬁm@;mbMyamniyesmﬁmhhﬁﬁﬂh@m tested
against T. rubr The inhibition o pe terials
ood et hods ik Haebrieetureane e Bepatt Spd i AS el Ok

medi um al one, apdnz. interdigitale cultures were either grown untreated or treated with a single

15  concentration of polyarginine (100ug/ml), with no acetic acid present in any samples.
Medium controls were used to illustrate background absorbance of the media.
Growth of the fungus was determined by the OD as described previcusly after 96
hours of incubation at 30°C (Figure 15). The reduced concentration leads to a loss of
activity, this iltustrates the dose effect of the polyarginine on the Trychophyton spp.

20

The effect of peptide trimers (3 amino acids) on the growth of 7, rubrum

The activity of peptide trimers of poly-L-Lysine, poly-L-Arginine, poly-L-Histidine
and poly-L-Trypiophan on the growth of 7. rubrum was tested. The inhibition of
growth was set up as per the materials and methods and I rubrum was either lelt
25  untreated or exposed to 2mg/ml of each of the trimers. Cultures were maintained for
96 hours at 30°C. Fungal growth was measured by OD and the results displayed as &
percentage of the growth in the untreated culture (Figure 16). Poly-L-Arginine was
the most active peptide against 7% rubrum with only a 3 amino acid polypeptide
required to elicit a significant reduction in growth of 7. rubrum.
30
Effect of Peptide 4 (1.2mg/ml) and NaCl on growth of 7. interdigitale
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medi um cont ai ni ng pol y-L-Argi nine (28-86 am no acids in length) and

pol y-L-Lysine (100-200 ami no acids). An uninocul ated nmedi umonly control
was al so established. 25 Cultures were naintained and growth nonitored for
96 hours at 30C. Poly-L- Arginine and poly-L-Lysine both inhibited the
growh of T. rubrum (Figure 13). Poly-L-Arginine was nore active inits
inhibitory inpact against 7' rubrunz than poly-L-Lysine when tested at
equi val ent doses, totally inhibiting grovvt h at Img/m (Figure 13) 30

Inhibition of T..inter ital e and rubrum The
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Effect of redueeghideonaenidtalicard by Q)Os}ag/chndchuﬁfonpollosaro drnin eecegnofTthesgbr um and
T. interdi itale The inhibition Trych n. s y

pol yar gi ni ne et Bt ehvHIosiEr!tIon “mﬂfp Tl%lﬁ‘ggt]) fﬂéﬂﬁfﬁ&&éﬁ&a ﬁ@ﬁ"’t‘téesa%f per the
material s and,, HF%@H&%S RSRFHLAN arc we[lli@;gdﬂﬁgﬁ ANBking iMkiBkA B tALE 16M! faltr s vere
either grown untteated or treated with a single 15 concentration of

pol yar gi nilne coa@Bpelars), with no acetic acid present in any sanples.

Medi um controls were used to illustrate background absorbance of the nedia.
G owth of the fungus was determ ned by the CD as descri bed previously after

96 hours of Hfftetdldfehide DigaB3RQ {ridd pocgdtigmencent rati on | eads
to a | oss of

Survival of C. albicans was assessed as detailed in methods and materials following
a 2h incubation at 37°C with a range of concentrations of Peptide 4. Two
15  concentrations of NaCl were introduced into the growth medium to ascertain the
impact of physiological and very high salt conditions (known to inhibit endogenous
p-defensin peptide activity). Significant killing activity of Peptide 4 was observed at
even very high salt concentrations (Figure 18). As the concentration of Peptide 4 is
increased it can be seen that.the impact of the higher salt concentration is reduced

20  (Figure 18). Therefore, the fungicidal activity of Peptide 4 is not inhibited by salts.

Activity of Poly-L Lysine. Poly-D-Lysine and Poly-D-Arginine against Candida

albicans

The antifungal activity of poly-L Arginine versus Lysine and poly-L versus poly-D
25  Lysine was assessed in order to determine, which if any of these peplide variants

demonstrated enhanced activity against Candida albicans. Candida spp. was

incubated as described in the materials and methods section for 2 houus at 37°C in the

presence of 100pg/ml, 1mg/ml and 10mg/ml poly-I-lysine, poly-L-lysine and poly-

L-Arginine. Survival was assessed as detailed previously and demonstrates increased

30  antifungal activity of poly-L-Arginine over the poly-L-lysine (Figure 19). It also
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activity, this illustrates the dose effect of the polyarginine on the
Trychophyton spp. 20 The effect of peptide triners (3 amno acids) on the
grow h of T. rubrum The activity of peptide triners of poly-L-Lysine,

pol y-L-Arginine, poly-L-H stidine and poly-L-Tryptophan on the growth of

T. rubrumwas tested. The inhibition of growth was set up as per the
materials and nethods and T. rubrumwas either left 25 untreated or exposed
to 2ng/m of each of the triners. Cultures were maintained for 96 hours at
30C. Fungal 9&%&1~é@@%hﬁ?ﬁ§w1%@-l%ﬁn%%§r $BarREMh LS ol R hNBPoBI -2
percentage of the growth in the untreated culture (Figure 16).

Pol y- L- Ar gi ni iéinsvas the nost active peptide against T. rubrumwth only a
3 anmno acid polypeptide required to elicit a significant reduction in
growh of T. rubrum 30 Effect of Peptide 4 (1 2ng/ni) and NaCl on erowh
of T. interdigitale 38 The inpact of various salt concentrations on the
antifungal_activity of Peptide 4 towards T interdigitale was investigated.
T. interdigitale growh inhibition assays were set up as per the materials
and nethods in the absence of acetic acid. Cultures were left untreated or
exposed to Peptide 4 plus a range of NaCl concentrations from5 100nMto
500mM T. interdigitale cultures were maintained for 96h at 30C and growth
assessed by OD as described previously (Figure 17). The antifungal activity
of Peptide 4 was not affected by to salt concentrations close to or in
excess of those found under physiological conditions (Figure 17). The
antimcrobial activities of endogenous (3-defensins are well-reported as
being inhibited by even I ow salt 10 concentrations. Effect of Peptide 4
agai nst Candi da al bi cans at high salt concentrations Survival of C

al bi cans was assessed as detailed in nethods and materials follow ng a 21i
i ncubation at 37C with a range of concentrations of Peptide 4. Two
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15 concentrations of NaCl were introduced into the growmh nediumto
ascertain the inpact of physiological and very high salt conditions (known
to inhibit endogenous (3-defensin peptide activity). Significant killing
activity of Peptide 4 was observed at even very high salt concentrations
(Figure 18). As the concentration of Peptide 4 is increased it can be seen
that the inpact of the higher salt concentration is reduced 20 (Figure 18).
Therefore, the fungicidal activity of Peptide 4 is not inhibited by salts.
Activity of Rglamlg Lysine, Poly-D-Lysine and PolD- Arginine agai nst Candi da
al bi cans The "antifungal activity of poly-L Arginine versus Lysine and

pol y-L versus pol e r.d r whi ch

i f any of thgse %.quéévé¥§%ﬁ mM@%% g?@ﬁ@%gﬂag%aﬁ%g 8§€§%§|?§@§%ainst
Cazdi da aIb|@amsnmﬁ@ﬂdmdam59ﬁmomagtoﬂmdh@mﬂ@ﬁ as described in the materials
and nethods section for 2 hours at 37Cin the presence of 100g/m, Ing/m
and 10ng/ poly-D-1ysinc, poly-L-lysine and poly- L-Arginine. Survival was
assessed as det ai [(&g(py&vi ously (gnd denpbnstrates increased 30 antifunga
activity of poly-L-Arginine over the poly-L-lysine (Figure 19). It also 39
denDnstrates that the poly-D-lysine has very simlar antifungal activity to

h | L-
the poly- fe'ﬂ‘?l arl ég%%f%égﬁﬁ%rﬁ OAtopﬁthn' id8n iMadd 3Rk I 1@t an@ly,

pharnaceut|c y accept er eof conprising ani no ‘aci ds accor di ng
to the for nulvdidh mby \bheh@sam@ ondiffenerdrae wmegemés selesfadofrerp axgning and an
integer from1l.to.10. X a which may be the same or different, are

ami no aci'ds %%”5CF%8“?F8§P§P&FmH @ and 10 lysine; for use as a

phar maceuti cal .
2. A peptide or peptide variant as claimed in claim 1 wherein X and/or Y are D

or L-amino acids.

15 3. A peptide or peptide variant as claimed in claim 1 wherein X and Y are

alternating amino acids.

4. A peptide or peptide variant as claimed in claim 1 wherein X and Y are the

saine,

20

5. A peptide or peptide variant as claimed in claim 1 wherein X is lysine and Y

is arginine.

6. A peptide or peptide variant as claimed in claim 1 wherein the peptide

25  comprises 3 to about 200 amino acids.

7. A peptide or peptide variant as claimed in claim 6 wherein the peptide

comprises 3 to 100 amino acids.

30 8 A peptide or peptide variant as claimed in claim 1 wherein the peptide

comprises 3 to 50 amino acids.
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2. A peptide or peptide variant as clained in claim1l wherein X and/or Y
are D or L-amno acids. 15 3. A peptide or peptide variant as clained in
claiml wherein X and Y are alternating am no acids. 4. A peptide or
peptide variant as clainmed in claiml wherein X and Y are the sane. 20 5.
A peptide or peptide variant as clainmed in claim1l wherein Xis |lysine and
Y is arginine. 6. A peptide or peptide variant as clained in claim1l
wherein the peptide 25 conprises 3 to about 200 am no acids. 7. A peptide

or peptide vagiant, as claimed in claim6. whenein theopeptlidea;. GOkl ses 3
to 100 ani noa%ici d<* p§5“%. ONAPHESE elanot[%sp%lpltl 8efnv(é1%]|ﬂgr81t gs ‘elai %ed in claim
1 wher ei n t hecopgpiséstieto IGQd 8%, 3 to 50 amino acids. 41 9. A peptide or
peptide variant as clainmed in claim8 wherein the peptide conprises 3 to

15 am no acids. 10. A peptide or peptide variant as clainmed in claim?9
wherein the pgPti de pepidOBPhiSRE ik & ARIRA ACHES 91dherdnpRpipeptaicor
peptide variant as clainmed in any preceding claimwherein the peptide is
acyclic. 20 l1@mpNsesdrpdsintiogridsonprising a pharmaceutically effective
anount of at |east one peptide as clainmed in any preceding claimand a
pharmaceutically acceptable carrier, excipient or diluent. 13. A

conposi tion asl.cl &l pedideror pegidn vhdanhe rctbimed heayompedingicimodemit §8s at 15
| east two peptidgs as Lained in any preceding claimwherein the peptides

ar e peptide is aoycﬁ .

10 12. A composition comprising a pharmaceutically effective amount of at least one
peptide as claimed in any preceding claim and a pharmaceutically acceptable carzier,

excipient or diluent.

13. A composition as claimed in claim 12 wherein the composition comprises at
15  least two peptides as claimed in any preceding claim wherein the peptides are

different.

14. A composition as claimed in claim 12 or 13 wherein the excipient or diluent
is selected from the group consisting of an acid, dimethylsulphone, N-(2-

20  mercaptopropionyl)glycine, 2-n-nonyl-1,3-dioxolane and ethyl_ alcohol.

15. A composition as claimed in claim 14 wherein the excipient or diluent is an
acid selected from the group consisting of acetic acid, citric acid, boric acid, lactic
acid, propionic acid, phosphoric acid, benzoic acid, butyric acid, malonic acid, malic

25  acid, oxalic acid, succinic acid or tartaric acid.
16. A composition as claimed in claim 15 wherein acid is acetic acid.
17. A composition as claimed in claim 16 wherein the acefic acid is present in the

30  composition at a concentration of less than 1%, 0.5%, 0.25%, 0.1%, 0.05% or 0.01%

acetic acid.
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different. 14. A conposition as clained in claim12 or 13 wherein the
excipient or diluent 1is selected fromthe group consisting of an acid,

di met hyl sul phone, N-(2- 20 nercaptopropi onyl)glycuie,
2-n-nonyl -1, 3-di oxol ane and et hyl al cohol. 15. A conposition as clainmed in
claim 14 wherein the excipient or diluent is an acid selected fromthe
group consisting of acetic acid, citric acid, boric acid, lactic acid,
propi oni ¢ acid, phosphoric acid, benzoic acid, butyric acid, malonic acid,
malic 25 acid, oxalic acid, succinic acid or tartaric acid. 16. A
conposition as claimed in cIa|n115 wherein acid is acetic acid. 17. A
conposi tion ass.cl dilwede bha ptrdideodpepritieraiant ashdaimedin ewvadiclims! fr Bs@nt i n

the 30 conpositio t a.con entr a % 0.5% 0.25% 0.1%
0. 05% or O, 01@E Effl Ereé)éiatﬁn $I9y fo#he@&&sambc@béﬂplgﬁ%l e or peptide variant

as claimed in any of clains 1 to 11 |n t he manufacture of a nedi carrent for

treating a mcrobial infection. e use as din clai
wher ei n t he ni%r obihgIuse ﬁ?‘é@fﬁeéﬁl@%ﬁb%ﬁﬁé’ elBﬁma‘mcﬁgjéf’ié‘HE dion lsp%fi‘f'l%?gl | c

protozoal, vigal.Qf irmhro?@itot}pg@ﬂorﬁ)ggal-ﬁgﬁo e as clainmed in claim19
wherein the bacteri aI pathogen is froma “bacterial species selected from

the group consisting of: Staphyl ococcus spp., e.g. 10 Staphyl ococcus

aur eus. St aphy) ocoggus, SRIASEM 4] 3 NS REAECHD 0308 Enee RLFLRGOCCUS

faecalls St r'ept ococcus sté seudonz as spp. ;
Mycobact eri urm;z&mnal, spRCigs s%@ﬂbﬁﬁmeﬂmlgmaw&mnmuﬂxg)sf s‘;rajﬁurioem@ba@mzare -Bpp. ;

Canmpyl obact er _s Sal monel | a_spp.,; Streptococ t r ept ococcus
Goup A W B 1%5/ FISREHE c BEGE pﬁté’ggvi‘?fﬁf%’{‘é ﬂg ’in%f%lﬁacl? ggfo&occmg Séé &8
Hel i cobact er pyb@Ebccusl Rrei@iss SBEhBcRPR:. pyoBerds; Netdmesipd J@@mﬂ:ﬁ:roheaspg\jel sseri a
ineningitidis; Borrelia urgdorferi; Shi eIIas hltgel
fl exneri : ; Escf]»;@qq EHETARTE 0iSPR-» Héérm%fﬁolbﬂ@@”?g’ﬁpf“b@ z@)s‘w}_'aé%{g GFES PRI uenzae:
Chl ar nydl & SPRumpmBotderef AT IEB1ik SRENGMBIdeSecus spp., e.g. Streptococcus Group
A or B, Streptoccocus prewmoniae; Helicobacter spp., e.g. Helicobacter pylori;
15  Neisseria spp., e.g. Neisseria gonorrhea, Neisseria meningitidis; Borrelia
burgdorferi; Shigella spp., e.g. Shigella flexneri; Escherichia coli; Haemophilus
spp., .g. Haemophilus influenzae; Chlamydia spp., e.g. Chlamydia trachomatis,
Chlamydia pneumoniae, Chlamydia psittaci; Francisella tularensis; Bacillus spp.,
e.g. Bacillus anthracis; Clostridia spp., e.g. Clostridium botulinum; Yersinia spp.,
20 e.g. Yersinia pestis; Treponema spp.; Burkholderia spp.; e.g. Burkholderia mallei

and B pseudomallei.

21.  The use as claimed in claim 19 wherein the viral pathogen is from a virus
selected from the group consisting of: Fuman Immunodeficiency Virus (HIV1 & 2);
25  Human T Cell Leukaemia Virus (HTLV 1 & 2); Ebola virus; human papilloma virus
(e.g. HPV-2, HPV-5, HPV-8 HPV-16, HPV-18, HPV-31, HPV-33, HPV-52, HPV-
54 and HPV-56); papovavirus; rhinovirus; poliovirus; herpesvirus; adenovirus;
Eipstein Barr virus; influenza virus, hepatitis B and C viruses, Variola virus, rotavirus

or SARS corenavirus.

30

22.  The use as claimed in claim 19 wherein the parasitic pathogen is derived from

a parasitic pathogen selected from the group consisting of Tryparosoma  spp.,
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Chl anzydi a pnewnoni ae, Chl arrzydia psittaci; Francisella tularensis;
Bacillus spp., e.g. Bacillus anthracis; Costridia spp., e.g. Costridium
botulinum Yersinia spp., 20 e.g. Yersinia pestis; Treponema spp.;

Bur khol deria spp.; e.g. Burkholderia mallet and Bpseudonallei. 21. The use
as claimed in claim19 wherein the viral pathogen is froma virus selected
fromthe group consisting of. Human | munodeficiency Virus (HHVI & 2); 25
Hurnan T Cell Leukaem a Virus (HTLV 1 & 2); Ebola virus; hunman papill ona

virus (e.g. H@?/ I’-!;\%/mgg cy g*u:rHP}/ yﬁanw W nc;LGb) uE!P)V ¥ Bisnikiy) Ycz 3%}) HRY A B k{RY- 52,

FI PV- 54 and papovaVvirus; rhinovirus; poliovi rus; her pesvi rus;
adenovi r us; Ep@’toezonasBaw wEmrsr;oei’mf lsm:enzl’daagiems Sphepdw?tﬁi@?%bfanépm

viruses, Varigl.a virus avi r,us ronaV| use as
clained in cl ‘ghfﬁlaf@"”ﬂﬁg? e(r?)?las’t""ﬁgmiﬁia?p&|qs 85"6'6'1‘??4{”9%%’ i'$r ‘aersﬂleﬁa"’f"r rom a
parasitic patpgen: 5 ected b bastdkd)®igfiawp oansiTstoplgnoisp ey fanpsomr a spp. ,
43 (Trypané)soma ¢ruzi, Trypansosonza brucei), Leishmanl t spp., Gardia
spp., Trithofd oA s spp., Entanzoeba spp., Naegleria spp., Acanthanoeba
spp., Schislosoma spp., Plasnodi um spp., Cryt ospori dim spp., |sospora

spp., Balantidium,_sp 0 ris rofilaria
inunitis, Tox?gjpl astig 'g‘éff Cllﬂl@eg “"r‘"t}ﬁl@pfg:g’hﬁem eglﬁ)l g%n 1s|.?11erwacé§0%18a cl ai med
in claiml19 wagigipRmbas Jmﬁtggénup@wmg@@pﬁ S(e@eclcz\]lﬁ&znﬁ‘)’ opidermdpivgakppat hogen
of the genus Candida spp., (e.g. C albicans), Epider nzophyton S

Exophi al a sppExopfiaét oper %ﬁ’@f}?ﬁ” wm 1 ST c HOTSHSRIBIPTs SRR 8. o "F‘b’r"'iﬁgrfﬂﬁ and 10
T. interdigi tﬁl}ﬁc)rdzgybfgfaﬁﬁagps&a}a ARPEL ALY lsb‘ﬁ %Ra?tm gzgﬂsas%bo'ﬂl&%ciﬁﬂﬁiycw

Bl ast oschi zonyces di ol dés spp ococcus spp., Hi stoplasnza
spp., Paracocoppdi@myidesies spp. ,Cf,@ptmommlsppsﬁﬁstozﬂbw@p@,sﬁep“acocczdromyce

a ggggg; ZLﬁPQ%rgSp@%D Wer o (i P CROLHOBPREE S #okRERE! pPP-

Phialophora  spp. Lacazia spp., Arthrographis spp., Acremonium  spp.,
Actinomadura spp., Apophysomyces spp. Emmonsia spp. Basidiobolus spp.

15 Beauveria spp., Chrysosporium spp., Conidiobolus spp., Cunninghamella spp.
Fusarium spp., Geotrichum spp., Graphium spp., Leptosphaeria spp., Malassezia
spp., Mucor spp., Neotestudina spp., Nocardia spp., Nocardiopsis spp., Paecilomyces
spp. Phoma spp., Piedraia spp., Pnewmocystis spp, Pseudallescheria spp.,
Pyrenochaeta spp., Rhizomucor spp., Rhizopus spp., Rhodotorula spp.,

20 Saccharomyces spp., Scedosporium spp., Scopulariopsis spp., Sporobolomyces spp.,
Syncephalastrum spp.,, Trichoderma spp., Irichosporon spp. Ulocladium spp.,
Ustilago spp., Verticillium spp., Wangiella spp..

24.  The use as claimed in claim 23 wherein the pathogen is of the genus

25 Trichophyton spp..

25.  The use as claimed in claim 24 wherein the pathogen is Trichophyion

interdigitale.

30 26.  The use as claitmed in claim 24 wherein the pathogen is 7richophyton rubrum.
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Actirzoznadura spp., Apophysonzyces spp., Ennnonsia spp., Basidi obol us
spp., 15 Beauveria spp., Chrysosporium spp., Conidi obolus spp.,

Cunni nghcanel | a spp., Fusarizne spp., CGeotrichum spp., G aphiuin spp.,

Lept osphaeria spp., Ml assezia spp., Micor spp., Neotestudina spp.,
Nocardi a spp., Nocardi opsis spp., Paecilonzyces spp., Phoma spp., Piedraia
spp., Pneunocystis spp., Pseudall escheria spp., Pyrenochaeta spp.,

Rhi zonnt cor spp., Rhizopus spp., Rhodotorula spp., 20 Saccharonyces spp,
Scedospor i UNzyBPP-The SGAPWsAkIARK SinSRRim PPOHAReINO LY GRSzab Pidfaction is
Syncephal astrum spp., Trichoderina spp., Trichosporon spp., U ocladi um
spp., Ustil agockppceesivverticilliumspp., fflonglella spp.. 24. The use as
claimed in claim23 wherein the pathogen is of the genus 25 Trichophyton
spp.. 25. The use as clained in claim24 wherein the pathogen is

Tri chophyt on 28. nt ahdiugd 6fad eptidOo2eptidheariageasadaiobdinmmg of plaghsal M Pdnwher ei n
the pathogen is Trichophyton rubru?z,_(44 27. quﬂy%e as claimed in claim
19 wherei P t HAS PERERIOUE RF 2EEHGHRFY O GIRIURAEEEYdMCOB™ The use of a peptide
or peptide variant as clainmed in any of clains 1 to 11 in 5 the

manuf acture of a nedicanment for treating a nucosal infectjon.. 29. The use
as cl ai med i 2% ailr 28 antetaiapchintdirem; 2§freicrgipie irfeciipa is Fsyq Byre¥i-s. 30. A
substrate to which is attached or applied a peptide or peptide variant as
10 clainmed in any of claims | to 11 or a conposition as claimed in claim 12
or 13. 31. A XubstA atbetrais telvdiched dttactedai mpaicdwheemsida or meptilsbstipal 3
conprises a fabric.or | | agen terial,. .15 - eptide or
pepti de riéﬁ?ﬁﬁgnﬁpépﬁgﬁnﬁ ‘8&3%% C%P%F%gnfgggﬂg ngﬁﬁ?ﬁ%Oﬁ%ﬁufacture of
a nedi canent for treating a wound. 33. The use as clained in claim 32

wherein the wound is a cut or, a_burn. . . .
31 A substrate as c?aimed E)n clgzm 30 wherein the substrate comprises a fabric or

collagen material.

15 32.  The use of a peptide or peptide variant as claimed in any of claims 1 to 11 in

the manufacture of a medicament for treating a wound.
33.  The use as claimed in claim 32 wherein the wound is a cut or a burn.

20 34.  The use of a peptide or peptide variant as claimed in any of claims 1 to 11 in

the manufacture of a medicament for treating an ulcer.

35. A method of treating or preventing a microbial infection in a subject the
method comprising administering to said subject a therapeutically eifective amount
25  of a peptide or peptide variant as claimed in any of claims 1 to 11 ora composition as

claimed in claim 12 or 13.

36. A method as claimed in claim 31 wherein the microbial infection is a fungal

infection.
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20 34. The use of a peptide or peptide variant as clainmed in any of clains
| to 11 in the manufacture of a nedicanent for treating an ulcer. 35. A
met hod of treating or preventing a mcrobial infection in a subject the

met hod conprising adm nistering to said subject a therapeutically effective
anount 25 of -a peptide or peptide variant as clainmed in any of clains 1 to
11 or a conposition as clainmed in claim12 or 13. 36. A nethod as cl ai ned
in claim31 wherein the mcrobial infectionis a fungal infection. 45 37.
A nmethod as clainmed in claim35 or 36 wherein peptide, peptide variant or

conposition is_admnistered topjcal]l th kin or nails.of the subject.
5 38. A nethod’-of %F@ﬁ?ﬂﬁﬁ‘%“WB%HHC%%3§9§bBFé@F“’ H%?ﬁ%ﬂﬁ@“@%%%ﬁ?hﬁ to the
wound a t her apgutiieald dn@filiecd topRaBRIAE siah oPuadeBE indeugéctpept i de vari ant

as claimed in any of <clains 1 to 11, a conposition as clainmed in claim 12

or 13 or a substrate, as clainmed in claim30 or 31. 46
5 38. A method of treating 2 wound in a subject comprising applying to the wound

a therapeutically effective amount of a peptide or peptide variant as claimed in any of
claims 1 to 11, a composition as claimed in claim 12 or 13 or a substrate, as claimed

in ¢claim 30 or 31,
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