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

anti bacterial peptides, the beta-defensins, are secreted by the epithelial
cells that line the digestive, respirato and urogenital tracts of higher
mammal s They are al so produced by kb T ytes within the skin. Their 10
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10  primary role is to provide an essential first line of defence against infection via these

routes by pathogenic organisms.

The defensins are one of the most studied classes of antimicrobial peptides. This
class consists of cysteine-rich molecules with three disulphide bridges. They are
15 found in plants, insécts and various mammals. In humans, two classes of defensin
are found which differ from one another in terms of spacing ahd 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, inore 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. hBDI
(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 have
30 revealed that hBD2 is active against Gram negative bacteria such as Escherichia coli
(E. coli) and to a lesser extent, Gram positive bacteria such as Strepfococcus

pneumoniae (Str. pneumoniae). hBD2 also demonsirates killing activity in vitro
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Importantly, evidence is coming to light that beta-defensins not only provide defence
against infection from pathogenic microbes, but are key in regulating and maintaining
optimal density and diversity of the body’s essential commensal microbial
ecosystems, such as those on the skin, and within the gastrointestinal and genital

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 technicaily 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; 88(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
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10  The present inventors have identified peptides that, surprisingly, have improved

antimicrobial 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 L 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, inter 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 I:

25
(RN(YVm)n @

wherein 1 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.



Proc Natl Acad Sci USA 95(25): 14961-6). For this reason, beta-defensins
cannot provide antimcrobial protection in conditions such as cystic
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In a further preferred aspect, the peptides of the further comprise one or more

cysteine residues, for example up to 6 cysteine 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 comprising amino

acids according to the Formula II:

CENDm)a CUXU(Vm)a (1)

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,x are 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 III:

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

wherein C, X, Y, 1, m and n are as defined herein.

30



wherein 1 and mare integers fromO to 10, for exanple 0 to 5; nis an
integer from1l to 10; X and Y, which may be the sane or different, are an
am no acid selected from 30 the group consisting of hydrophobic am no acids
and/ or cationic amino acids. 1In a preferred aspect of the invention, the
pepti de conprises from3 to 200 am no acids, for exanple 3, 4, 5, 6 or 7 up
to 100 am no acids,. includi 3,,4,.5, 6,.0or 7 up to 20, 25, 30, 35 40 or
42 ami no ac[P(ﬁsYet%”“le‘Fé %@E‘F?‘ggspﬁﬁtc‘?frtg? Hyepion. e P%Q;’é]ﬁtCPHW“ﬁWl&ISﬂﬁﬂ%ge 100
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am no aci ds or 0 14 amno acids. Preferably the peptides conprise 3 to
15 am no ﬁcids, fgr exanple 3 to 7 amno acids. 10 In a further preferred
aspect, the peptides of the further conpris 0 re cysteine residues,
for exanmple up t%«§m€§b@m§%§)cgb&dbéghggbéﬂaﬁggéom&fgg, 4K¥§)or 6 cysteine
residues. 15 In a preferred aspect of the invention, there is provided a
pepti de "conprising am no acids according to the Formula CgX)1(Y)mn

C( 00100t On yyhdrEind0, e einmndni 8e ayddfieddereln. N and m are an integer fromO
to 10; and X and Y, which may be the sane or different, are an am no acid
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10  substantially salt insensitive and are not hepatotoxic. Moreover, their mode of

action, being physical rather than metabolic (i.e. direct membrane disruption versus
targeting components of vital metabolic pathways), minimises, if not rules 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 amino 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 amino
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 to 0 as described in Fauchere 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 Y may be alternating

amino acids.



In a yet further preferred aspect of the invention, the peptide conprises
am no acids according to the Fornmula IV CgXhellni). C((X)E(Y1.0.,
C(X1()Oni). C(()CHY").). CC(1V) 5 wherein C, X, Y, 1, 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 hepatotoxic. Mreover, their node of action, being physical rather than
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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 wutilised, 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



nodi fied either naturally (e.g. post-translational nodification) or

chem cal ly, 5including, but not exclusively, phosphorylation,

gl ycosyl ati on, sul fonylation and/or hydroxyl ati on. In general, the
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present . H@rﬁ@%%$ﬂ %Fh%ﬂﬁﬁ@ﬁﬂ?§6ﬁ3H§§8P%%f Vﬁﬁﬂlﬁfﬁ%ﬁwgmﬁﬁdﬁ¥lona
am no aCid‘5?3%g9ﬁ5m~ jacent to one or both of the term nal cysteine

resi dues of . 11l or 1V, for exanple, the peptides may conprise
up to 10 (for exanple 1, 2, 3, 4, 5, 6, 7, 158, 9 or 10) additional am no
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the correspapdhég non varlant peptide. Conservative am no acids are often
utilised, i.e. substitutions of amno acids with simlar chem cal and
phyS|ch properties as described above.

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 | and m may be 0, 1, 2, 3,4, 5,6, 7, 8,9 or 10 and n
20 maybel,2,3,4,5,6,7,8,9or10.

In the peptide of the invention I 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 L, n and/or m may be between 1 and 5, for example, 1,
2,3,40r5.

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



Hence, for exanple, conservative amno acid substitutions may involve
exchanging 30 lysine for arginine, omthine or histidine; exchanging one
hydr ophobi c amino acid for another. After the substitutions are

i ntroduced, the variants are screened for biological activity. The
peptide may conprise at |east 4 amno acids, for exanple, between 4 and 50
5 am no acids, or 4 and, 50 a ] no .aci ds such bet we A5 an no
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pol y-L-1ysine, poly-D1ysi ne pol y-L15argi ni ne and poly-D-arginine. In a
yet furtheryplef enpshim fot, ¥4 B&ptRBophphiSestiPhiindCacid sequbftel N€
pepti de %f (gal%ltﬁ{ll}?antlgr?\t é‘%eh OAX%%B%, 1?:0%1?&136, 4, 5 6,017,Seq§, Sor 10
and n 20naysd1&teﬂ.fr&ntlﬁagréup50nsﬁs;t1n§pf8 9 or 10. In the peptide of the
invention | may be 1, n may be 1 and m nmay be between 4 and 9, for exanple,
mmay be 3, 4, 5 6, 7, 8 or 9. 25 In the peptide of the invention 1, n
and/ or m g REDG C‘@@G do 2, 3, 449r 5. Preferably
t he pepti deél @@@Q I C. llr}he pe%ﬁdﬁé e st rai ght chai %ed i.e. linear, or
branched. 30

10 CLLLLLLCLLLLCLLLLLLLLLCLLLLLLCC (ii)
CLGLGLGCGLGLCLGLGLGLGLCGLGLGLCC (iii)
CRKRKRRCRKRKCKRKRKRKRKCRKRKRKCC (iv)

15
KKK ™)
KKKKKKK (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 ir vitro, for



The term "peptide" as used herein means, in general terns, a plurality of
am no acid residues joined together by peptide bonds. It is used

i nt erchangeably and neans the sanme as pol ypeptide and protein. 5 In one
enbodi ment of the invention, the peptide conprises an am no acid sequence
selected fromthe group consisting of: CGCGEEEEECG GCEECEEEEEEEEECEEEEEECC( | )
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at | east on the am no 25 sequences (1) to (viii) and additional am no
aci d residues adjacent to one or both of the term nal cystel ne residues.
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conpri si ng B l%ﬁﬁlﬁ'oa%’é’iecpeggéﬁfeﬁéfeﬁ%"(ﬂ £&d nlor‘t‘ﬂ’rﬂte?ﬁ“éi tot {i’gnges

shown i Fi p I nt hetic
popt | des  TitoipdvidBl PORARERbY HERrR of Bephanoald Bﬂg?‘?ﬁ??aéfﬁé’ vt
t hereof , whpepkidesor peptigly fioas tweel llbnmes fcam bestfeened for antimicrobial activity

and toxicity, including, but not limited to, antifungal, antibacterial, antiviral,

antiprotozoal, anti-parasitic activity and toxicity.

10  The peptides of the invention can exist in different forms, such as free acids, free
bases, esters and other prodrugs, salts and tautomers, for example, and the invention

includes all variant forms of the compounds.

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 Remz’ngton’s

25  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, Eds, “Handbook of Pharmaceutical Salts Properties Selection and Use”,
Verlag Helvetica Chimica Acta and Wiley-VCH, 2002.

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

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



exanple, by a solid phase peptide synthetic nethod, by enzyne catal ysed
peptide synthesis or wwth the aid of reconbi nant DNA technol ogy. To
identify active peptides that have little or no undesired toxicity for
manmal i an 5 cells, individual peptides, or libraries of peptides, can be
made and the individual peptides or peptides fromthose Iibraries can be
screened fo i.m crobial activiit oXi Ci j,ncl u but not

i ted t o haRor FangarPG e tnphidnal Rouiic Sl or {nfquiestily agttotih

anti - par asi §a'1t§ VAREH Yo UYrrRdid eth)ﬁcﬁh tidorgdfic bPergasRdcHRor PasdshExafphitdfon can
exist in different forms, Such as freé acids, free bases, esters and other
pr odr ugs, saich s acid cadditidnosaltss indgle esxciaip) edlpata;d aiglaaten\asqmrha@n hengdatgles al |

variant forms of the co Thus, the inyention en sthe
salt or pra® e&‘lzﬁ‘besﬁlgo%tep ng%‘slugtgteor DFS-d 1P a?ﬁmé’@lffl‘t@t rﬁ?lr}p%‘g‘ﬁﬁs > The
pepti dess of aﬁcﬁiehﬁﬁﬁﬂﬁﬁ t@aﬁéﬂﬁccﬁq{@ nﬂédﬁ%?l‘%ﬁifdt@ te%néé%ﬂﬂ’l@[% fumarate

phar maceut i y ac € sa maceutical [y acceptable salts of
t he presentglucoleptancate,c anglp&rsgmslblma zedqeimmﬂfaltd)e ﬂmp’enbatgepthaztanmtﬂe ch
contains a basic¢_ or_ acidic, noi y. 20 convent i onal chagéfal thods

General |y, Bseechdonides é&@mb@nsg%pah Yeaoigdidee sty drgxysihanesuiongte; g lasfatgase
forms of ti §f§at@e91§dlgr?a%e Wb fafkesatiOhA8! 978 l{thgleﬁésrﬁff@ﬁaté)fmt:&ﬁla?eo% Pité at e

base or aci I'n water or in an organlc sol vent In"a mxture of the t wo;

general |y, pedmaates@estinmsi gerdulfat, éi—blﬁnyllﬁdiﬂnyﬂlate,cplhﬁit@ plealb‘an(plroplonate
i sopropanol, or acetonitrile are preferred. Lists of sui tabk@z@sal are

found it Resrﬁcﬁ@lﬁ@n tartrats, phigcraaiayt iosdrtesand nerdscanppten  glgase KIS shi ng

Comery: M0 o BB s P8 SOLAEIOT g o=

Phar naceut imaial Saltd sucRraspalchirg Sndehgeicsion aiitd, d4ie with/erdang detsvaiches
Chimca Acta and W] ey-VCH 2002, 30 The invention thus includes

phar maceut i @9)"?1911%@@(%%%1@ Nanethylop-gluamines ang sats Wih e agifesushrst he
d f f
par ent corrpogﬂgné Jydip! Hesg f%?ahmklsggf}fécﬂ)&co{uhegglﬁg fla nafgyérgﬁm Har

exanpl e t he'Eonvent T onal non-toxic satts or I sal t s

which are f@ist@dize v@th suchQigehts @k JaweiCallyl kdlidas)i sucik ek asetiof, éxﬁﬁle@rop&xarrpl es
of such acid addition salts include acetate, adipate, alginate, aspartate,

benzoat e, bz bwebghlosidet bromides and iedidasi djaliaf esuliates rlikeedimetibh éheﬁxyé

canphor sul f ro n ate
et hanesul fo‘ﬁgltlé’? %@n@gmypgﬁp# utoq%lgp@aﬁlo%l%es (E{lcglcgsfg&ﬁi ‘r‘fgfq%;‘?:% sﬁl | fate,
hept anoat e, stéﬁypaqaﬁ@es lbydiﬁlﬂed”lh@d listRdesh wehligh r};antuet;ehk@%émn @dd Genethyl

2- hydr oxyet hanesul f onat e, lactate, mal eate, nmlonate, nethanesul fonate,

2-napht hal ebresiiddsomdiogerhi cot i nat e, oxal ate, pal noate, pecti nate,
persul fgte, 3-phenyl propionate, picrate, pivalate, propionate, 10
succi ndt'e, tartrate, thiocyanate, tosylate, and undecanoate. Base salts

i ncl ude amMpdlisusT abssl bRl df apbplidesad peptileCiuriatit 5P eliivamtibnP@bRdei UM
salts, alkaline earth nmetal salts such as cal cium and magnesi um sal ts,

salts with prepamd in Begesalguaenby conigeingtbk pertive vethserier o, more equivalents
and salts.with a no a

N- hyl |
and o or i SATREET inE Sudl et ot Rl oh B HIG g VRRS bRk el ' "

hydroxide; a metal carbonate or bicarbonate such as, for example, sodlum carbonate
25  or bicarbonate; or an amine base such as, for example, triethylamine, 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 hydroxy peptide or

10



15 quaternized with such agents as | ower al kyl halides, such as nethyl,
ethyl, propyl, and butyl chloride, brom des and iodides; dialkyl sulfates

| i ke dinethyl, diethyl, dibutyl; and dianyl sulfates, |ong chain halides
such as decyl, lauryl, nyristyl and stearyl chlorides, brom des and

i odi des, aral kyl halides |ike benzyl and phenethyl brom des and others. 20
Salts of carboxyl groups of a.peptide or.peptide vari.ant of .the invention
may be prepSPBEF resin: h@ﬂﬁé@éﬁaﬂ%{hg@y Sfa’&?ﬁt&iﬁtu?% Sfa}’i‘ga% faéi&g v Sne or
nmore equiv : 68 Ra HE G R thexpepl e, a netallic

hydr oxi de §§§£§§%3%h@b E%%?ﬁyd%d%ﬁgg; a nefé carbonate or bicarbonate such
as, for exanple, sodiumcarbonate 25 or bicarbonate; or an am ne base such
as, for exanple, triethylamne, triethanolam ne and the |ike.. N-? I

C
deri vat i veslhst inygntion riaclydesy prasirugsniorp st peidveo Phfaieryieal SPFAet o1 oet he
i nventi @n r e LLiSi . ) wd for
Lhe 11 ngl SRterfiRABRRsch: Blatpichi Shbd AR Moy buRlighfichétiss 8 BT 10
aci d. 0- acydr ddsikatikall ibvesaby civepé® pavied o flerfuastional groupyasanythataserofof a

free hydroxy peptide or_ peptide resin. Either acylation nay be carrjed out
usi ng st andistess af wheoxylie peidscareerible Hnagvady the dieeasid, dniy e ese ofacy|

i m dazol es, _and the .like, T i i [ n p #ﬁ.ﬁ@s tive
phar maceut i@gﬁe‘:‘[géeagiug%s’ g? tpggregn%ﬁgéﬁguéid ;G)[lehlggtlgglés{bp or ’efgqn%?%lﬂigﬁ%v’\hi ch
one or NOr gepldfibikd ANRItiANAUDICRIES WHICH eetrepidhr tradsfintetiis etho ol thammerie
converted in vivo to the functional group, as in the case of esters of

car boxyll0i ¢ shictite, doheramnle by hydrolysicoingtload eArtharougle digcussion;ip pravideddBe of

prot ect ed es, .to frees am no gg " - Py od Y ed

her ei n, regﬁl §H@§aP%Kggr#%tﬁ¥b¥%%ﬁ?h6$%$£§hg§?%ﬁ&%#%P?§%?%Pgﬂ??gﬁé'orned
in vivo to $hedRame Seridd) Fdwaie Bl Toché,0éd. eB&ITVegsiblRYCdiyiefsOinyBiug Desigd,ood. A
t horough di scussion is provided in T. H guchi and V. Stella, Pro-drugs as

Novel Del i vamgri@ypsPlemmaceusical AssogittiornandaPergmnonrgsesiist Bpmdgaardgedhr d B.

Roche, ed.,. Bi i bl i i . Desj i ca aceut i cal
nosoc ati oD Pk Pt B T8a i Pufing 2o svalBlc ERmRRES L | oo
El sevi eys, 1%@%36)5 289 _4369Ki1D56), @dchdf whiR Rbiforsiedieeinda refidénce 1526( 23)

4351- 4367 ( each of which is incorporated herein by reference.
Prodrugs therefore include drugs having a functional group which has been

Prodrugs therefore include drugs having a functional group which has been

transformed 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



transforned into a reversible derivative thereof. Typically, such prodrugs
are transforned to the active drug by hydrolysis. As exanples may be

menti oned the 20 follow ng: Functional G oup Reversible derivative
Carboxylic acid Esters, including e.g. acyloxyal kyl esters, am des Al cohol
Esters, including e.g. sulfates and phosphates as well as carboxylic acid

esters An ne Amde carhamates, jm ne D ol t
SURRMRA A S R N R o T
oxazol i di nel%d@&flietrgﬁcﬁéﬂ.x&é L3S may be mentioned:

Oxidative activation
5 e N-and O- dealkylation
e Oxidative deamination
e N-oxidation

e Epoxidation

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

15 e 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 orally, 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



Prodrugs al so include conmpounds convertible to the active drug by an

oxi dative or reductive reaction. As exanples may be nentioned: Oxidative
activation 5 N and 0- deal kylation Oxidative deam nation N-oxidation
Epoxi dati on 10Reductive activation Azo reduction Sulfoxide reduction

D sulfide reduction Bioreductive allcylation 15 Nitro reduction. Also to
be nmentioned as netabolic activations of prodrugs are nucl eotide
activation, phosphorylation activation and decarboxyl ati on activati on.

g)gggi use Of RfRLSEhdRIr HeOMPEtion driNili¥s £BB&THaBEHichcoriPR IR doMrisigups i n
a pharmaceutically effective amount of at least one of the peptides of the invention,

or two or more different peptides of the invention.

These peptides also include a pharmaceutically acceptable carrier, excipient or
diluent. The phrase “pharmaceutically acceptable” is employed herein to refer to
those compounds, materials, compositions, and/or dosage forms which are, within
the scope of sound medical judgment, suitable for use in contact with the tissues of
10  human beings or, as the case may be, an animal without excessive toxicity, irritation,
allergic response, or other problem or complication, commensurate with a reasonable

benefit/risk ratio.

The peptides of the invention are useful, inter alia, as antimicrobial peptides, for
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.

13



Chem stry', edited by J WF MQOm e, PlenumPress (1973), and 'Protective

G oups in Oganic Synthesis', 2nd edition, T WGeene & P G M Wit z,

Wl ey-Interscience (1991). 25Thus, it will be appreciated by those skilled
in the art that, although protected derivatives of the described peptides
may not possess pharnmacol ogical activity as such, they may be adm ni stered,

for exanple parenterally or orally, and thereafter netgbolised in.the body
to form corfpourdeohl éll‘i%%ﬂ@ pﬁa?‘ﬁﬁ‘@o%é?‘%%ﬂqr&/c%?ﬁ y::4 agli’ejf‘?nagrl?a&%ﬁtil%es are
ther efore S Wl "R RAELISathofl. RrodidgsnOfs bhRrsRS QEARRd a8 0n
conpounds %g@é@f u‘%}jo\?\jﬁ’%ﬁ ?%tleméénc')p‘g g)? t%e insvgnt |Io§'.s A fu?t he%’ aspect
of the i nvehidagncfusidgiodgmis. phar maceuti cal conposition conprising a

pharmaceutically effective anmount of at |east one of the peptides of the
invention, or two or nore different peptides of the invention. 5 These

tid | e . . ! | nient
B lent 3 TS SR daoRaP Al BB s FRon BERARE ARLE: Slduhom e RLEN Of
refer to t hQassEpREUSEPHBBbRIL Bpp., €QNMSaphploenzus andésy Slqsalpeotonss

which are, within the scope of sound nedical judgment, suitable for use in
contact wi tapidemesidis; Faeracesicus SPThMBEBEOREEUBIaeCEEs; SHEPIOSREHBYPESBES; an

animal w thout .excessiye toxiclity, irnh j . al gigc,r ; ot her
probl em or gﬁﬁf’i &8l o ‘?eug% %Ssuspgt’ewvgc?&l& ag?uenZsL é’blegg'bg‘?%???‘/etﬂls ratio.

The pepti degp&bulblis; Emyvrbhiensiy. cChspilivbactdr @%)p.l; Salionell@spparStieptacoabisal
pepti des, for 15 exanple, against bacteria, fungi, yeast, parasites,
prot 0zd& armppyiegisS&eppueccus Group ahtor B, c¥opedcogprmegwoniggn Hslcopast ner ei n

to define any peptj.de that has m,cr.obi.ci dal an C .51 at tivity
and encorrpa?ﬁese; 'rzgﬁfc@z?@%ffspﬁéf i VRV SRR 3%’ g@g%?%gégg}éﬁ cgv]y%%séﬁh

anti - bact erj,alineiflsi BbHRB@ bur @idkfer iNBERLISE spPé.b - aEdRI lldxweripBtdhepichiuozoal
anti-viral, anti-infectious, anti-infective and/or germ cidal, algicidal,

20anoebi ci dalli; FHaemophibisdapy., bagt Measiopbidnl inflienage ci(ldemydiar 8- i%§-dal

pr ot ozoaci d r.ot ozoi ci dal propey.ties. .Thu t he. i nvent.i er

provi des a g)éfﬁ’f”i%’é’ %G%W’ﬁg C?’éf"'?)ﬁi ? PREERYTER é%lflm&}glg_ %gﬁ‘ggl’ne?z?%%%gnt . The
pept i des; Qf;um@nﬁg)mymrsp?gxe.g]amcﬁzap o §RbiOTCRS Rl bPp.C6.8bTRIstraBumgent s
both in vivo and eéx vivo. ITn a preferred aspect, the invention provides the
use of a pelttiddemacasidinsprt.oc.ghersinia pestis; Treponema spp.; Burkholderia spp.;

e.g. Burkholderia 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-2, HPV-5, HPV-8
HPV-16, HPV-18, HPV-31, HPV-33, HPV-52, HPV-54 and PIPV-56); papovavirus;
thinovirus; poliovirus; herpesvirus; adenovirus; Epstein Barr virus; influenza virus,
hepatitis B and C viruses, Variola virus, rotavirus or SARS coronavirus.
25
A parasitic pathogen may be derived from a parasitic pathogen selected from the
group consisting of Trypanosoma spp. (Irypanosoma cruzi, Trypansosoma brucei),
Leishmania spp., Giardia spp., Trichomonas spp., Entamoeba spp., Naegleria spp.,
Acanthamoeba spp., Schistosoma spp., Plasmodium spp., Crytosporidium spp.,
30  Isospora spp. Balantidium spp., Loa Loa, Ascaris lumbricoides, Dircofilaria immitis,

Toxoplasma ssp., e.g Toxoplasma gondii.

14



invention in the manufacture of a nedicanent for treating a m crobi al
infection. By "mcrobial infection" is neant an infection caused by a
bacterial, parasitic, protozoan, viral or fungal pathogen. A "pathogen" is
general ly defined as any di sease-causing organism 5 A bacterial pathogen
may be derived froma bacterial species selected fromthe group consisting
of : Staphyl ococcys spp., e.g. Staphyl ococgus aureus, aphyl ococcus

epi der mi di $® fgagagrpgagg%glag g‘f? &eré .eg.é%ﬂt%ﬁ%@cﬁﬁgogeﬁeggﬁﬁé; Ogﬁ?ee%?%léoccus

pyogenes; L(t@}cﬁﬁct %rp(s:,HP g’s C%?ﬁy%ﬂ%gﬁger%th}m%@ﬁﬁg%? Fd 14 S PRlicro §p08um

Mycobacteriumtu I's;, Enterobacter “spp.; | obacter spp.;

Sal nonel | a sppp.TricBvpleptosmccls Loulspp. gndkT gnterdigitme)o Coraspp Sdopgrgillusr B,

St rept occocus pneunoni ae; HeI)' cobacter spp., e g He icobac{:er Opyl ori;

Nei sseria sPp-,BEsigmyessi PPerPl451g 688 Sibi SQEFHR! mMPRgi ¢VASCESrrel i a

bur gdor feeri_;_ Shj ! L a.flexneri. ri ghi [
Haem)phisl uss’pgpp%@lgsn?{é%bgﬁf}%@@%%ﬂ%%ﬂggg %ﬁ’%’r’{ygﬁ?gﬁs 5?} hﬁ% o

Chl anydi a tclagbgimalopboraChipplyy dioasqraew nepp.ae Phidldphoydi spmsi Laaaeia; spp.,
Francisella 15 lularensis; Bacillus spp., e.g. Bacillus anthracis,

O ostri di a 4pEogravhi. sen-oLeramaning 5P| 4GaTaddias sen-a ABeRYSOBYeES SPBr si ni a
pestis; Trepanet o Iy erda SpR...L:0. Bur I llei and B
pseudomnal | eﬁ?m%"@f}?afsggat oglg%%rgrgay bég8 'de%%\%v(fg %a?os a tlb g)&}g&zjgﬁg@?e%%f’rom t he

group consi@géniabols 2. Hummikdhaieiidekps.) eRasyriin Uspp( REéotridaud) ; sppyman T
Cell Leukaem a Virus (HTLV 1 & 2); Ebola virus; human papilloma virus (e.g.
BPV- 2, 14PV-Grapipum gon-Repiaphadqy imsppg Madpsseza soppigay, stpp\Nestesiugng Spp- and

BPV- 56) ; i rus: £binavirus: peliovirus: | LUS; pAgeROViFUS;
Bst ot n Bor JORPHIGLE, MRGEAYNY Spn DPuibies: oJiET PRV, PAAFRENELS!
virus, rotamidMciis SRS PSudnReschétta sBB, AypetoaBiadtt ppat Ring@midoaysppe

derived froma parasitic pat hog;an sel ected fromthe group consisting of
Tr ypanos oneRiipqpus ( Fog-paRberdsseruly usp, Tegehanenrissa SBR-ucIeosnosiughnglha spp.

P, . Soht CeRulgkBR SP PR S SBE-, Sed Ol il Rl G, So0eb
spp, Balsant 1yGiAd3p&oR spp.L Ot cldoRum eﬁ&,amzsagwmfpr,imﬁaﬁmm ipt, Wangadllaesppmi ti s,

Toxopl asna ssp., e.g Toxoplasma gondii. A fungal pathogen nay be derived
froma fungal pathogen which is of the genus Candida spp., (e.g.

Ccdbi cans) , Epi der hyt on spp. hj,al a . Craspor )

Tri chophyt orﬂhegﬁ[ﬂq,og?ig.l ewmrﬁ?ﬁabﬁg’%ﬂhﬁt%@ﬁﬁgﬁ £ 5:}%3 ,p?elslglgtegl@g ptg& may
Asper gi | | ussehRed, fré3h adY 6F1hE REmSN Ba@te@él,aﬁﬁlgélggéréﬂﬂb’,féﬁ_ﬁel_spéﬂ virdDpatbgde i des
spp., Cyptococcus 5 spp., Histoplasma spp, Paracoccidi onyces spp.,
Sporotrix sywowniadabktila spp, C adophi al ophora spp., Fonsecaea spp,

Phi al ophora spp, Lacazia spp, Arthrograp his spp, Acrenoni um spp.,

Act i nomadura spp., Apophysomyces spp., Emmonsia spp., Basidi obol us spp.,

Beauveria Sps thehYBsh PrdHARSTB use €2 SHHARO abor8iRP to G HveBiaTRI the Spp.
Fusarium spp., Geotrichum spp., R _ _ )
manufacture of a medicament for treating a microbial infection wherein the microbial

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

25 vFungal infections can be classified as systemic, meaning that the infection is deep
and affects internal organs or blood borne or topical (dermatophytic), meaning that
the infection is superficial and occurs on the skin. Additionally, yeast infections can
affect the mucous membranes of the body. Yeast infections can also be systemic (e.g.
candidaemia and 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

15



10 G aphium spp., Leptosphaeria spp., Ml assezia spp, Micor spp.,

Neot est udi na spp., Nocardia spp., Nocardiopsis spp., Paecilonyces spp.,
Phoma spp., Piedraia spp., Pneunocystis spp, Pseudall escheria spp.,
Pyrenochaeta spp., Rhizonucor spp., Rhizopus spp., Rhodotorula spp.,
Saccharonyces spp., Scedosporium spp., Scopul ariopsis spp., Sporobol onyces

spp., Syncephal astrym spp., Trichaoderma spp. 5Tri,chgsporon s

Ul ocl adi umE5gpnent 9ath $15¢8S Sppimepts fay iqu‘i[i)Eﬂ‘rpg %fﬁ?teW& %’F‘iegu% @%ﬂe

m crobial inj erlrI?r Wfatﬂgéee s L8 uREP LA aBplel & tiREECSARIoh RgHII On May
sel ected fronTtany of the human cterial, fungal, parasitic, envel oped

vi ral pat hdgfososhsoh a findaingwbrmR Gvhittuscdureon theeskin oncapdhdstie@ yetst use of
a peptide according to the invention in the nangéﬁaf;}ure. of a medi canent for

treating a ipfestiemiaiio koomares Grsih oy Fh cthecar dp 03l dag Va4
systenmig, topic 6y S CR%Alsel Y0 8Rht dihbeddepon. 25
Fungal ﬁnf eogﬁlréﬁésgzgﬁeﬁgé@{):%????lg &lggbﬂgéf}s%rg S%:El,é meansieng that the itr)ﬁ ection
i s deep anduagdl ¢efestidmtsacinad histoghmsosis, Bidstamydosisnendaspergiiasis, which can
(dermat ophytic), neani ng that the infection is superficial and occurs on
the skin. ffectihehunasyand pegs praaps. e ERGYFHR SQBFHBET vt 1 H@V?Hf@éﬁé’a‘réﬁ%arlanes of
the body. Yeast infecti n ¢ ] hstagm-gvpd ot her
frequently lp%fé?nsclgrpgﬁ’@o%ﬁlg%g Fu "}%§I59§%1?ge{c e?%%egﬁd,%ﬁgﬁgfﬁ% ar g}r% usual |y
treated W tdigsd @altpladf pAichtstmapsodlt apthddV-ANDES ungal drugs). However,
system c infections, yeast infections or topical infections that do not
clear Up after treatnent with creans or ointnents may need to be treated

with system.c.antifungal .dr. [ M) or
exanpl e, torTT qpieth or 88%%%%%%3@?3(3? %?éecéftalh%n‘gﬁ%eu%ﬂe[gécﬁwn%gsﬁvgndg\ks‘g%c{r whi ch
occurs on tdpeseskidlil@esss aRdirdvAsit Snd are/@esbmidalle dinponant dlesansk ayrean de
thrush), which can occur in the throat, in the vagina, or in 5 other parts
of the bodyexpSysvetd teeatnlopisalyen superfiginl fimgahndectioss anaydnelpdathoss pkthedeep
fungal infectiqgns. such.as histopla [ [ I;4 i | OSi s,
whi ch can aﬁ(t“ég?m?‘ﬁes %gog'ﬁﬁmoflﬂgspann grhéiarh??lﬁ%fggy grﬁéd@g?reg{éﬁnrr%g&ﬁ{ssgj to
prevent{50r ¢ Qih, fitdt@ahild Adaséda@es i n peopl e whose i Mmmune systens are
weakened, such as bone marrow or organ transplant patients and people with
HI V- Al DS.

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

Trichophyton spp., for example, the fungus may be Trichophyton interdigitale or
20  Trichophyton rubrum.

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 serious 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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10 Topi cal or dermatophytic fungal infections, while not typically
causative of death or of serious illness, are prevalent and are

econonmi cal ly inportant because they can be expensive to treat. Topical or
superficial fungal infections may include those of the skin, |amna,
stratum coneum nails and hair. Cutaneous infections are infections of 15

th kKin, f | | | f d. t .of t
the Tungal  PEriseltngt oty amares dndidifs bl gk EEE Ragbel ahdSsdly s
fungus fr On&thQ“% ofi@¥orls| al%(%]c‘?é{e& Qith BRicSRD UsFedtionS hRR KGRI strmﬁl@étnﬁl( a”D' e,

the fungus may be Trichophyton interdigitale or 20 Tri chophyton rubrum The
tern1"onyc@ngynn&osmﬁmangdmkamhmt is not limted to, distal latera
subl i ngual , superficial white, proxinal white subungual, secondary
dystrophic, primary dystrophic, endonyx, candidal (e.g. onycholysis &

chroni ¢ Snuof’fféJ @;ﬁﬁ%y% SRS onzlﬁ?g; XBS%leseﬂp}iPﬁErﬁ’ééﬁﬁérﬁ org?é’\%lﬂﬂgﬂl epsi s has

been shown si gni |cant ri sk factor nore serious clinical

conplicati omser Bidc woasdsaaidees hﬁbleeronatfom@dahjplle tumnedust Weuralsrsukle guanat ot her
secondary bacterial infections, thus the present invention enconpasses the
treatment oburnhasd condidens asseciatehtherditent i des of the invention are potent
antim crobial peptides for a wide variety of pathogenic organisns. However,
t he peptides of the invention nay al so be useful in the treatnent of ot her
condi ti ons TRE tduahi Tigpatrett™ nelhted itoriticeerfdots, oitmetljepuaﬂésbdaseﬂﬂsadameintthar in
conditions associated with nucosal jinfections, for

gast r oi ¥t estngiing @lrh?@@ﬁﬁ foqpatigpts @ﬁﬁt?’ch%ﬂlyaq ﬁP@@FP@EéﬁSG@SWH@%@B&a&eS of
the inventi Or})r éfne%lét%nt g%PHc??iBHL)f#h@ &ttoEE&% a[}qﬁ'tdlsgéseﬂﬁ'@%{\'oﬁ}d on of, inter

alia, mound% exa cut aneo é% such cuts or
burns, and condltlons associ at ed theremnth.

As used herein “treatment of a wound” may include wound healing and associated
conditions and therapy which promotes, augments, or accelerates healing of tissues
15 and includes post-operative 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 oramedical device.
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The term"treatnent” relates to the effects of the peptides described
herein that in 10 inparting a benefit to patients afflicted with an
(infectious) disease, including an inprovenent in the condition of the
patient or delay in disease progression. As used herein "treatnent of a
wound” may i nclude wound healing and associ ated conditions and therapy

whi ch pronotes, augnments, or. accelerates healing of tissues 15and includes
post - oper atiove TWihetr3spget: B HYentin, proyyfes a m%ef’gttﬁe%tﬂf%f)r PrEsene a
renodel | i ng,.: fou exaapte iRost ' : dhidRdHas 9 a nat i on.
Thus, in a hcfrr laelr asp(ka(glt lgfét%%?(i%gséedr?&%#{ ﬁd(rare ?%ng%oépo?g% gﬁghgtsiar ate to
whi ch a pephe@pewnicalieffedtive atoant ofs mptilé axtontingtotthe p@ntidir.ef er abl y, 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 inventi t: : . { eV | i biotic
ef fect. %?'hel%gh u%lgeféﬂggigﬁ %tgg&)ggﬁ% lg}léerfs?lg ?hg{g o%éﬁz%éﬁnféfgﬁhasgauﬁlggglﬁgegﬁﬁ%. The
dressi ng nay the mRtlicsleofahé alvehtiomtht eptide may bé appliedhe tiee ki banmls-dfiskid
material. 25 The peptides of the invention may also find application as/in
a di si nfect®iect.|n this context, the peptide or pharmaceutical conpositions
of the invention may be applied, either alone or in conbination with other
di sinfecting agents, to a surface to be treated. As used herein a "surface

to be treatREmniEy BiElsand Witk laalntal @ agteel theatedniey dierpepAdex; campediiaa ordevi ce.
In a further aspect, the invention provides a nethod of treating or

preventithg metiods desiceibed hereiax Sueh mamamaly ppkbirdcinalyde dpmgnadioehi@tseddng to

id subj t ticall ffecti ' ) t
he | nvent 1 sty R i bides Safflse Sl BoAE el ARaERL L BFRACTRLED 1

i nfection i§fofedvef) ?pdntsi mheslkd B tredibd b therPeplided, dmpdaetidng e hietladsofiehepept i de
may be applied to the skin or nails of said subject. Mammals, birds and

ot her ani naingenip. be treated by the peptides, conpositions or

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 trotters.

The method of the invention may include, in addition to peptide treatment, treatments
that may enhance peptide permeation into the nail. This could be facilitated by
20  chemical or physical means. Physical treatments, such as nail etching or filing of the
dorsal layer 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 containing sulfhydryl
groups will cleave the disulphide bonds in nail keratin, and may lead to
destabilisation and increased permeability of drugs. Compounds including, but not
exclusive to acetylcysteine and mercaptoethanol derivatives may be used in
30  combination with our peptides. Other known nail permeability excipients/adjuvants

that may be used in combination with the peptides of the invention include
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10 net hods described herein. Such mammal s and birds include humans, dogs,
cats and livestock, such as horses, cattle, sheep, goats, chickens and
turkeys and the |ike. Mreover, plants may also be treated by the peptides,
conposi tions or nethods of the invention. 15 Where the subject is an
animal, the nethod of the invention nay be applied nail-Ilike features,

I ncl udi ng, but n excl usi ve to, .hopves, cl dtrotters. t hod of
the i nvent i%ﬂhﬂﬁﬁ%qnﬁﬁ'?‘ﬁ]éf’é{ev P‘f‘?aa%}"?tﬁgﬁnet @Yﬁ‘g\gﬁr@'fﬁ#‘@é’%%?&l?nymi’acﬁé nt(:) s 0
that may enRABREIHERJAR PRLBRALLPRidAlAet he nal | This could be

facilitate y chem cal or ‘physical neans. Physical treatnents, such as

nail etching or filing of the dorsal |ayer of the nail may enhance

perneability of the peptides of the ipvention enm cal enhancenent , of il
per meabi | i tl} atfyrthereaspecht the sxvegtion H@W‘i}éé‘r{??tgﬂd H&}]‘eﬁ@gaacWP Lok o as ?cégki 23‘

physt caly o e 6abe BT o LAl bBRrIedth URHRE Rl JATepBaL LT NG

agents, “incl'u ot exclusive to, ure salicylic acid, 'increase
25 hydr at i enwubftrdid)@ceiling totiddaveasion. nai | density and, therefore, may
increase permeability to the peptides of the invention. Conpounds
cont ai ni ng sul fhydryl groups will cleave the disul phide bonds in nai

keratin, a may..l ea 0. k] | an: i 1| of
dr ugs. " ConptRbu Rl e S ET Ry nchRithe 8200 ERGARRIRBE LT ECR chicke
ner capt oet RARQIucHR fivv at 1386 o8 YsyBpteis efdsdoiated vaidihh niafaction, wintlivatienr or
peptides. O her known nail perneability excipients/adjuvants = .

10  disease, or a decrease in the amount of antibody associated Wwith the indication or

disease.

To achieve the desired effect(s), the peptide, a variant thereof or a combination
thereof, may be administered as single or divided dosages, for example, 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/kg, at least about 0.1 mg/kg to about 100 to 300 mg/kg or at least
about 1 mg/kg 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 physicél'"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 empirical data from the
clinical trials and examining the preclinical animal model results or other test

25  systems that are 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 invention may be
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that may be used in conbination with the peptides of the invention include

nmet hyl sul f onyl met hane, urea, polyethylene glycol.

N- (- 2- mer capt opr opi onyegl yci ne, di et hyl sul fone and

2-n-nony1-1, 3-di oxol ane. In a further aspect, the invention provides a

met hod of treating a wound in a subject 5 conprising applying to the wound
i or a substrate ordi ng

a therapeutically effective anpunt eﬁf adnetld ?

to the i nv&SISPHALY PRREPERE PUEs? BFe-1Hfet B‘Eﬁ}dl time oo e R 1B Fi‘e?e?'l%zg are
adm ni ster ead @Sed Cgo%ﬁmc%ld% SEANCHIRistr i il BASmpRASL SYMPLOM
associ at ed th an rnfection n Ication or glseasg or a decrease in

t he anbunt of anti body associated with the indication or disease.

achi eve the desi red effect(s), the peptid a vari ﬁnt .thereof or
conbi nat i onl @ Prepasfthe ?ﬁi&lp%él%dﬁ?m}@ﬁ arectynihesized o Qtherwisy Qhtaiag(. d’b‘ggﬁ‘és for

exanpl e o) of at

| east agoutaséteﬁ%g%}) ﬁ u%ﬁ dt@ rgg%)ﬂ?%&g%%ﬂﬂ ﬁ?@ﬁe ?ﬁTete& gtlégf)%%{h&gbﬁ ng/ kg
to about 1%stﬂad3@@hé'@£ﬁf®riute ednchﬂ:@e&ionmduiph&naﬂy/ dogihlmeda\bﬂhlbtlﬁf)agamtsloo
ng/ kg of body weight or at_ |east about 1 bout 20 body

wei gnt, a ”gwé’ﬁ%feh\‘!@g@b%fa?g%ﬂhﬁ‘ipt eflase crraapEd wgacdosmount
ght, :
e o Staahiple & 23N HERSAGHRS r It@ohp%%n fa%b%glf DPShUE 120t ot

€ chosen an clinical | Ssease, the

vei ght, t he)ephisbe e iadddioh] ena plirgith@dlpehtides hpedfie fafa pireicutaneal typahet her
prevention or treatment is to be achieved, and if the peptide is chemcally

nodi fi 4. Slanlbef administeresh nAljernatively.l e quitedasrgfeerIYATY H:@n?: ebort d-%hedRani ni ng

t he errplrlc romth Ilnc p ni cal
ani mal  modet™® Ptggéjlgt Igmglra T% tgej[0 gﬁ’géég%éﬁow%b(ﬁ%gﬁegéggw&%lseé ﬁ% he art.
Admi ni st r atdpght 06 gttb%bﬁterza@efwm Gb&Gs § tb Bbaat G, dic sboit OIS ¢ teatipiied ent
invention may be in a single dose, in multiple doses, in a continuous or

intermtters Onﬁnneaboutl%égrtdlah@}ltzfg)r exanpl e, upon the reci pient's
physi ol ogi cal condition, whether the

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, intravenous, intramuscular and intraperitoneal), rectal,
dermal, transdermal, intrathoracic, intrapulmonary and intranasal (respiratory) routes.
The therapeutic peptides may also be formulated 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
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30 purpose of the admnistration is therapeutic or prophylactic, and other
factors known to skilled practitioners. The adm ni stration of the peptides
of the invention may be essentially continuous over a pre-selected period
of time or may be in a series of spaced doses. Both |ocal and systenic
adm nistration is contenplated. To prepare the conposition, peptides are

synt hesi zed or ot heyw se obtali ne.ctiﬁl_ .Euri fied 5 ﬁa n%cessarl_%/‘i OE} desi rred, and
then | yophiTPaRgiths iaerapenticiaes it HAWG AT SORA BalrFSo e Sa i BHYS t he
appropri at &0 Ccﬁ?ihé@t dofR 2AdeRPbl AAldiNarkAFDIBREE Waid BédIelf ASRBdasy, The
absol ute weight of a given peptide included in a unit dose can vary w dely.
For exanpl dntreditig &.shipihg thetyproduc? irgo dre delsivert ddlivedy fysteabout 500 ng, of at

| east one peptide of the invention, or a plurality of peptides specific for
a particular cell type 10 can be admnistered Alternatively, the unit

dosage Gan \X@Eﬂ el t%%i‘agpl?tg:t %eg)ggés %’{hg iRRHbn 2 grepéré@ RARAdRinalod,0 about

35 g, from about 0. , fromabout 0.5 g to about 12 g, from
about 0.5 ghép agbgatieralygeonibingd aiithut plarmagedtivalip acdepthbly, cavrierf ddnerdbout 0. 5
g to about 2 g. 15 Daily doses of ,the peptides of the inantio can vary as
wel | . Such exsinignt desosmea Pherprpeutiqab foualation or pyindesags: fsmpo Fog iy t o

about 100 or, 50. g/ kL t gﬁgﬁl bout
0.1 g/ day t%dng%lgﬁ?tg% %% %ﬁ &Pﬁgéﬁ g%(]ﬁﬁ%/egé%s éfp ay #oa ou?ﬁ‘?%f"ﬁ‘}%g’@ %f rom
about 0.1 ooliaiont 8 sakRution, S0émalyionfor dmaataauttl 6 synthetaypolymealoutsi fag/ day,

fromabout 0.5 g/day to about 8 g/day, from about 0,5 g/day to about 4 20
g/ day, 10 oningessign of the getineyingeedigninfrom g chaing M- ABfagBELPeRYISS 1 fay t o

about 1 g/day.,Thus e 0 e i it i.si.ng t he
Ter apeuti cabpt raeng ik PRbeRRHuA bR , (AP EfahBfFRg BREMSTY o
routes inclpdiifgs of ahe iRRNEMM Qaflalsdbbé ifoghuldicd gfos hsthinad eelesse, ierd.r deenous,

intramuscular and intraperitoneal), rectal, dermal, transdermal, .
i nt r at hor acheptidgsneanabeicorserhmyicemencrpyulaierh <) otheraassi aged ryithip sutustainedn

t herapeutic,pepti des | e f.or mal i ini:d f i r for
sust ai ned r%ﬁ%ﬁ?é%WFﬁpaﬁﬁﬁﬂ%fggwﬁ%&ﬁ%ﬁﬁ@%?%%%@Q%Eﬁ@g?ggﬁ% 6593&98% 07529,
and US f3at eRtoohdny, b wbeht 09 #he. foth@afii. mul at i 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 pharnmaceutical arts. Such nethods

may i ncl ude,the step .0 1 xi ng the.ther utic. i WolUL: rriers,
solid matri wnag@ﬁcglg8wgaﬁgp?qog admig HS gﬁgraé%‘@%ﬁ’ggﬁéeé}%fﬁﬁ%ﬁvrg#%&s&%r

conbi nat i onge ?lfésal%afby RO duR8 knolvh iNeEEES A Well-kashic aitDreadilys begilably t he
product into the desired delivery system 5 \WWen the therapeutic peptides

of the inveingiedients: eFor eparmiel thepepitde caadbe Firsulaed With coRMONXCIRjeMer al | y

conbi ned, w th a pharnmaceuti cgl accept ahl.e carrier, dil. t L pi ent
to for p%fgl}eﬁﬁe Ut FEHF™Ss @Pﬁu*‘%‘?’l@‘irﬂn Oo?gtﬂ%ﬁt c%&%ﬁ’e S&gjﬁléﬁg? o lg%lrgfegﬂ%’
adni ni st r at ,Qfderd, RErREREhABR INRY FRAMPIBYTRECipRNE, HIOWER! andca@fiés thadare

formati on, a solution, a suspension, an enulsion or in a natural or
synt heti ¢ psiitahterfoosuchdeimmlétgons 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 talc, calcium and
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10 ingestion of the active ingredients froma chewing gum The active
peptides may al so be presented as a bolus, electuary or paste. Oally

adm ni stered therapeutic peptides of the invention can al so be formul ated
for sustained release, e.g., the peptides can be coat ed,

m cro- encapsul ated, or otherw se placed within a sustained delivery device.

The total active.ingredients in such formulations co i rom0,1 15 to
99. 9% by wef"g#ResBIm ?tﬁ%ra¥eo F%llfq_B yetb}‘}_aﬁlﬁ‘ﬁ’&%fﬁq %Eﬂ g‘? gﬁiﬂ?ﬁ&t P EREVEBRTSai ni ng
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known in the art using well - readily avail abl e i1 ngredients.” For
exanpl e, t hagapsspduches caliulbse find/ontdlubde Wetivatoesmiihey ntdypal sntcantai @udisl uent s,

or carriers, and formed into tablets, capsules, solytions, su nsi ons,
powders, aePUSBOISSXARAD, 18] Pk SarOey S 08 SUG} 230G (AT fteE‘}auH?lleé’iPFeg}ﬁ%ﬂ?d
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silicic derivatives. Binding agents can al so be included such as
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. 1
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may al so be added. The conpositions of the invention can also_ contajn
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acetic acid jin,a salt, citric.acigd 10.1.n sal t orihc i g0 alt and
phosphori c 5‘3508’ fakcs aﬁltf’{“u&&oé{ ’ %Iﬂ.fe ﬁkeétag ‘g%lg a%lh%f i Y]ef:i?(:l}e e?‘fcna%sti ve

i ngr edi ent spsiysliyidse EBLINI(PEES) M O@)chibidbil e MdtbeVes entdric-doatd dAbRY éle,
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cel l ul ose, tabktslepntpining on¢ toanngre gemidesief the nipverdioacird, designed do aesik corn
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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 intramuscular, 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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15 gel ati ne capsul es containing at | east one peptide of the invention can
contain inactive ingredients such as gelatine, mcrocrystalline cellulose,
sodi um | auryl sul phate, starch, talc, and titaniumdioxide, and the |ike,
as well as liquid vehicles such as pol yethyl ene glycols (PEGs) and

vegetable oil. Mreover, enteric-coated caplets or tablets containing one

or nore peptides of the. inventi.on are designed to resist 2Q disintegration
in the stonde¥iddndEsdessorn ip e ep’f?éﬂ]?‘?cgfy%e%llsﬁ%t”i ‘ﬁ‘gu@ﬁ\}f’ﬁﬁlﬁ nt of

the duodenuffics bR ARAIEDS RRRKAGES AQMmotdiCaolY Sbieuvalica BOadiRd

fornul ated as elixirs or solutions for convenient oral adm nistration or as
sol utions ajppichpkiasitainfthe shdvetifeeofdhe 2samtnfornins t Flet dovine peptiddsrasdeanibe by
i ntranuscul ar, subcut aneous, intraperi ioneal or i nt.ravenoulsy routes. The

t

phar maceut i Barediestsmnayt [BMs SEPeRHNS, HOFEIEY PE SYuPRiPedd AP RE 3TVt i on
can alsa t -the f J Mo si on,
o al t ornat 115 R Monfh RAHERM ReRO NG S uoptuiie, SRDIA SRR e,
t he ther apeditpezsipg BEdrie SAlteyathesly,oheradtvieqepfides qndrotinr éngrbdiantyinmiysteriat i on
(e.g. by injection, for exanple, bolus injectjon g{ con{i n .?.us.i n{xusi on)
and may be PqwvdssdermaPbizingshby awptie isokitieniof sigmle, sl ,Orp]i’Sé-yPPﬁ’I A PR es )

smal | vol une,i.nfusion -a] of, -1 -2 dgse aj ed
above, pres%#@gyﬁ@gsu%éﬁ&gghgﬁgié'%%bﬁgrgg%gﬁn?gfﬁﬁgﬂg Eﬂg?@gﬁ??ﬁgﬂﬁf t he
dosage for myefdfrausacti ve peptides and ot her ingredients may form

suspensi ons, solutions, or enmulsions in oily or aqueous 5 vehicles, and may
cont ai nlG or nul at ory agents such as suspending, stabilizing and/or

di spersi ng ents. Alternativel i p i t i edi ents
may be in p@&ﬁgr%%‘lﬁﬁéo%b‘fagi %Oglééi %)Pthglgne%l(:é {lﬂéé/alﬁg oai%g%ét%ﬁég %{ éé)r‘{%ﬁ{edés? gﬁdd or by
| yophi | i zat j@fivdnfOthab @t e kb @OMStart Ui Bnpovsible, dos ekamples tos ghipatee,

e.g., sterile, pyrogen-free water before use. 10 These fornul ations can
contain phasaheidenst igag lope aerc Bprastganie splventés) thehil¥mesacerptaglyj fiomnthe t hat
are well-known.in.the art.. It iS possi

sol utions u yﬁ&’l%g’i%aqg];an%?lﬁt’ Shykmi 2 agg%\(/)gr’tl & %H%@F%ttrsgu‘g{:%g%% g)gf’e from
the phygd ol agiic abidStRReNOkeirophamanl, direti@diulihoRideOglved] @therd sueas dlevent s
such as acetone, 15 acetic acid, ethanol, isopropyl alcohol, dinethyl

sul phoxi de, prgpdyetssoldtundessths wemed Dovreaoly pelelyeols ehdl palyadylens glysalye Ci-

"Dowanol ", pol ol s.and, pol.yet.hyl | I - . f
short - chai ngéﬁﬁ(gis%/sgeéf ﬂ§?h°&'&f%%ﬁ?lg%fﬁgl?8gfsé§ rce%),p §If k2 e géfgyizl Clg(&r/ an&?ictgggiésdgs
such as t hegpiodUGhes pigukRt fdritendetndd ethBaiine Mvblyel”, isdpsepil apytrisate,
nytrisate, animal, mneral and vegetable oils and polysil oxanes. 20

Pr ef er abl y, atitral, piacrahasincgetablefodls and pelysitnxangs. t he t her apeuti c pepti des of
the i nv%ﬂi on can also take the formof a solvent or diluent conprising the
pepti des¥ Sol vents or diluents may include acid solutions, dinethylsul phone,

N-(2- mer CaP#e?&%ﬂ | QRY | pha@haeini@l RBrfnRackl of  tBe dihepsphaiee paptilieet &1y khe
al cohol . Preterably the 25 solvent/diluent is an acidic solvent, for

exanpl e, acatvienti@cicah absbttrke thecfam bbHriolwot @r dilgenti eonprising heopsiidec aci d,

phosphoric acjd, benzqgi.c acid, butyric acjd, .malic aci l.oni.c @chd,
oxal i ¢ aci dg(’fé’ﬁ’&*éi PF C%QH?IHS o ar”t“i‘w1 % %?édr golutions, ity MpRAe” RG
mercaptopropionyl) glycine, 2-n-nonyl-1,3-dioxolane and ethyl alcohol. Preferably the
25  solvent/diluent is an acidic solvent, for example, acetic acid, citric acid, boric acid,
lactic acid, propionic 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 acetic 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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More preferably, the solvent is an acetic acid solution. The solvent, for
exanpl e 30 acetic acid solution, may be present in the conposition at a
concentration of less than 1% 0.5% 0.25% 0.1% O0.05%or 0.01% acid, for
exanple acetic acid. In a further aspect of the present invention there is
provi ded the use of an acid in the manufacture of a nmedi canent for treating
a mcrobial infection, in particular a fungal infection. The fungal

i nfection may be onychonycosis. Onychonycosis may be 5 caused hy.a fungus
from but ngta furtheg %saecwftﬂvfepr@msnvrml%@lﬁwylﬁ@ﬁo‘gw theug o %ﬂ%ﬁ & thepe
fungus may ' Vi | 9% .00t I € t Drondhe acid
may be as hlgfg%uﬁ%‘g%g)?g I{Eigds}%rl Zg(qj ¢ rag ?é@?ﬂ?’gﬁgﬁg‘% ’ﬁgp%{gg{lﬁ acg{}.

Pref erabl y igfdctibn.t NEheafiingali Safqtion irdgdbé mngeloutyicosis.atOmychomgenis may de of

|l ess than 1% 0.5% 0.25% 0.1% 0.05%or_ 0.01% acid, for exanple acetic
aci d. Typi ceupsd briea Hprnus afiems bus npo Lipitgsk &y the gersp L Eishondatdrn st 5 on f or

treatment of, for .ex l e, nails. j t ; ive
agent” enco geééhea%rsﬁg%sglp%y §%§’F’é@%£@?gg’é?a§%’%f’§% ft{g{clh(l)‘#v ﬁotnl rgl%%gn%r Eg
conbi nat i onacf g Miad BSredsheds AeidddEd. TaERIby THeeacidismctwcidid e Pageably nmay

al so enconpass a pharnmaceutically effective amount of an acid as herein
15descr i bedstillTthe agidtis providgdrin sokwtign pea eeneeniraficar afdessithan 1%n@ais10y25%,

sequenti al | r parately. .t kS generall r.ef erred .t ) .
adni ni fstrat(%ﬁ” 83’%/38{ _@314’ i go&e P gaecﬁ%{%gc y%lgdg%qﬁ% g%e%ei?cgﬁl epiys
syner gigf | Cﬁiabﬁéd%ﬁt@?ichl"e@lnﬁﬂﬁﬁﬁﬁ&m fof BeathiRUEs], k@exhmplechalse i ncl udes: the
use of synergistically effective anounts of the active 20 agents, for

exanpl e a peptide according to the invention and a pharmaceutically
effective apgount, of .an.acjd . as herein d ri bed factHre of a
%rt?éﬂ et

_ ner edﬁsc for.t Pfe manu
product, e." S Used hetiip I3} N PEA T o BRSO RIS A S G PORHS FE TR
adm ni st r at{,Qfle Hve@dbd] RBtDinaloh e pbhtRRE BB AbscPibed héfehy. OfeAerth Th&Blel ON.

agent” may also encompass a pharmaceutically effective amount of an acid as herein
15  described. The active agents may be administered simultaneously, sequentially or

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

The active agents may be administered in synergistically 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 described, 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, surfactants,
other preservatives, film-forming, keratolytic or comedolytic agents, perfumes,
flavorings and colourings. Antioxidants such as t-butylhydroquinone, 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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251t is possible to add, if necessary, an adjuvant chosen from

antioxi dants, surfactants, other preservatives, filmformng, keratolytic
or conedol ytic agents, perfunmes, flavorings and col ourings. Antioxidants
such as t-butyl hydroqui none, butyl ated hydroxyani sol e, butyl ated
hydr oxyt ol uene and a-tocopherol and its derivates can be added. 30 Al so

contenpl ated are copbi nati pn product.s. that i,ncl ude_one .or re i des of

t he present®PRPentP ﬁn%tsnﬁlcgﬁé aﬁwﬂﬁﬁpélnolgh@plh‘ﬁﬁcm &%pﬁn]g’?exaﬁ%hgal_ _

agents, fog' %51%?1)Eﬁgh&gﬂlié’iﬁrﬁs(LSHﬁfBgaﬁn@rf?Bﬁrﬂl'ﬂf}lsf&tiﬁ; ARSTBN BhE hiiolesB | i pi d
88) , |l poSoma

compl ex (A anmphoteri ¢in B (L-AMB),” and Ii posornal nystatin,
azol es and duch ag ebgsormualh, fisconazdle drawohazold, litmponamdd, pozicenambhaixbihe,

itrac](c)nazolnﬁek,empozac%gﬁégl e, ggtp'%shg%l&i aI‘<§ie(;:aggl caia syn ha§1§ dv}lg%ég' %éljéil such as
caspof i ngi nikexigkueen , - 0 i \S 66), '

[ fw ving.allvam o] *od ' . :
gr i seof W vi Qiyilobidi 2 (1, 95023845 a8 LRAR! IR fdifincd Sudf ks RSHAAAAL, Michsine

anti fungal agents, ng 'those erein. In addition, i's
cont enpl at est bihet antifmpslphgades intlglingbthosodbicnibed tietdint o additiemt itf isngal
agents such as cicl opi rox ol am ne, _hal oprogi.n,  taolnaf| a{)e, ) nggcgll enat e,
topi cal nysentemplated tbats tha epepBigsemight the, combiped P, topicah AR ,328R8 ot her
topi cal agents.. .1 1L LY [ ar ui t :
formul ati onsuglé assugltc @gﬁé% Oﬁe eas g a%@%%%ggﬁ@eéﬁgdﬁieénfﬁkgﬁ %F%e&satm’

f or mul at i ongnéRTilRebeenaABsidflifite derbimafing, aey othet ®pial sdeatsact i ve pepti de,
for exanple, in a particular part of the intestinal or respiratory tract,
possi bl} over a period of time. Coatings, envel opes, and protective
matrices ma 1 de, f. . rj : h as
pol yI act i dcAgfaBie BE borlidb B el S TRRUAE 4 f ueh BIGRE oSl

nanoparti cl §sms ¥hdWaX @ke. THes ®raditiony$an &8wel apsttutanthap fielyaelecasetirnt r i ces
are useful to coat indwelling devices, e.g. stents, catheters, peritoneal
di al ysi s t udsitivg peplids, rfowam?ﬁ,ew redcWarepart ofthe pegestippl ppsspiggtory tract,

adm nistration,.the acti. ent ) f I | i h t
f or d: fect llé(ffﬁllb}yc%‘felr 8rPelf1\ég§% egzqga?rﬁgg%nl‘f‘%?ﬁ% ’ %ﬁﬂe}gr]p ?e;%/tlg%n |13::é[gr11ﬂea§ ore o
t opi cal1ApPhhdat f@Netadifte,t iEml PoPmerier sebstbdse, sutl R pelyBictide-plysolags,| s,

powders, dispersion or mcroenulsions, lotions thickened to a greater or
| esser ext elposomeprmigreenedisipasd microparticles, nanoparticles, or waxes. These coatings,

envelopes, and protective matrices are useful to 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,
ointments or sticks, aerosol formulations (e.g. sprays or foams), soaps, detergents,

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 laminates, so hydration or maceration
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oi ntments or sticks, aerosol fornulations (e.g. sprays or foans), soaps,
detergents, 25 lotions or cakes of soap. OQther conventional forns for this
pur pose include wound dressings, coated bandages or other pol yner
coverings, ointnents, creans, |lotions, pastes, jellies, sprays, and
aerosols. Thus, the therapeutic peptides of the invention can be delivered

vi a patches foé b]ginda s for, der%alg jhistration. Alternat. %éet{l}% tshe

pept i de carPiBe FEPER el iB45e- pthe basing oy £aR; By eny aPpTaRFatesaianas
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backi ng | anwillagensrallg de Hiyodr atiaud hO or ahvat 20Gmiaons. of t he skin can be m nin zed
The backi ng | ayer can be any appropriate thickness that will provide the
desired protective and support functions. A suitable thickness wll

general | i : Uhe 20 57 £hADSoatRe TP RIGAL:. ROEBINFIIE AL i ON
may be isyn ?ﬁ@&%%ﬂﬁ?ﬁ%ﬁ%&rﬁ%ﬁgﬁ na or acquer(?a Fgr excglrrprl e, the

anti fungal thephtifiegalgeptides chobafibratudaed im @sslotien foonordical atmpiistedtion that

adm ni stration_that contains_ethyl e acetat { SO | al cohol (USP),
and butyl 10@&@& gthylsy _ae;wlgjtyi@ﬂﬁ)hfwrwf a%ﬁﬂ%@g %ﬁéﬂ’@: e\%{g%% Tﬂn‘ie‘é@br py!
al cohol . | ). al adm ni stration nmay
conpri se, f%ﬁ@%ﬁe&l a 6/hya§|&g:dolgy ié%@?;i/r g}?caté%?ggl e buffered saline

sol ution contai ning between about 0.001 ng/mM and about 100 ng/m , for

exanpl e between 0.1 /m and 10 ng/nl, of one or nore of the peptides of
the predentPhampaseutied Temmelpiions IphHiopicabadmigistaton may CoOPEs I £t @r eat ed.
15 G nt nent 5 ' ous or
oi 1y base PR SR e b PR RS ol Chih ettt iy SUACLE.
Loti ons nmaympenifmdrabbat 81D wifdil, &t cxepluset@eerd.l yndyas andnd mg/hll, sfrorgener al
al so contain one or nore enulsifying agents, stabilizing. agents,  dispersing
agents, susyeneiernd theypentisles oftherrireseBhinMentivgenedric for the slicatign 95 disease The
active peptj %%gge%%g al so be delivered via iontophoresis, e.g., as disclosed
in US Paten? . 4,140, 122; 4, 383,529; or 4,051,842. The percentage by

wei ght Bf a therapeutic agent of the invention present in a topical

formul ation will depend on various factors, but generally will be from
0.01%t o 950intmentsend ereams wesdygfir espmpleeby fsmylaéng with ap aguaoyp pE gily hass. 1- 85%

by 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

iontof)horesis, e.g., as disclosed in US Patent Nos. 4,140,122; 4,383,529; - or

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

26



25 weight. Drops, such as eye drops or nose drops, may be formulated with
one or nore of the therapeutic peptides in an aqueous or non-aqueous base
al so conprising one or nore dispersing agents, solubilizing agents or
suspendi ng agents. Liquid sprays can be 30 punped, or are conveniently
delivered from pressurized packs. Drops can be delivered via a sinple eye

dr opper-capped bottle, via a plastic bottle adapted to. del.i,ver, |.iquid
con!tO _gnt s df‘gﬂ)@%@é evia @y sifyple SyegﬂgmpﬁT'F@pgqié’ﬁgg’ éﬁ%?u?léstl%ﬁ%mF l"f‘éi?%tﬁgﬁ?i c
pepti de ”anggirv&le@gﬁr-% pognéﬁg%g%ﬁg ofrf%ffaé%gbﬁ%@%ga Rjcffeation in the 5 mouth

or throat. ctive ingredien y be fornulated as a
| ozenge further conprising a flavoured base, usually sucrose and acaci a or

tragacant h; pastilles conprising the cgonpositjon in an jnert base such as
gel ati ne anthegthgrepeytitepeptide geayoRighenbe &H’é‘f & g’r’id"lﬂﬁ t gﬁ@%“‘lf’o\‘?‘p&‘?si ng
t he conpositi f e hr i : 1.n: ] {GUH er. 10
The pha nnclgﬂ‘t%lﬂcogltm?%f ryéf g%igﬂoﬁlse’ og%%%eq%g} g@gﬁ%ﬁ#%ﬁéﬁ‘oﬁrgwaﬁéﬁy&iaﬁlglﬁeﬁigg, as

optional i ngfmeli eshprisiphar TRCSuEd Cialst,y uantigpiuahise adlr aéaeias or didgaentls,
solubilizing or emul sifying agents, and salts of the i%ge that are
avai | abl e ipestifies comprismeghpeanpasition jagn drgsthass secdh asgeldige apb IS ne

sol utions such as _physi.ol ogj cal . I - Ut | ter.
Speci fic nostlll-cmsﬁiaflﬁ n%a(él?(’aﬁ% énsoult)%%%ﬁéesf g%rrﬁﬂrll %1?% ﬁ?nh&gp&gﬂll%gﬁ?ge ?%g%ﬁ’é’:r e
useful in tiageRIVANABGEILISByuifl @iet.at i ons of the present invention include

wat er and physi ol ogically acceptabl e buffered saline solutions such as
phosphaltle buffered saline solutions pH 7.0-8.0. 20 The peptides of the

i nventi on can so be . .adnini st ered the r j 0 t. he
present inv %WF?&C%%’WH%&%%?%@IS 1P rﬁﬁgfﬁngjlgfel@(%r} ca 1?%?%%%?’ #Sg(r)l%éland
dosage for ngofdalenttS € phRrmideutiBailpodcépatidie chrtiea)t iddentsn geasdtiabg such

dosage fornms conprise an anount of at |east one of the agents of the
i nvent i on edrhdlsifying apents, randtsalis optheviane than erecavailpllgl indheprtodxapples afpeci fi ¢

i nfecti o i ti di o A 25 stati i | -Si i £l
t tenuat i orBR SHEAGES dHBE FREES. b SThtoRt slot 88 ey ifloRRely BBt g oase
that hags begiint r8RkiBAs BHI SHAGL  SFecifte ndRIRAEND Exdhislep b SRN bartiBisedmidioan i s

considered to be a treatnment of such infection, indication or disease
within the dibmpts it athaiseful éntlicopharacentical riamaloléons offthe PRSAMINNELQN] on by

i nhal ation or_insufflatio t he.conpositi t ake..t he o] ry
powder, f or ReWdrpyvater &nﬁo%'élrotl]‘?ﬁl fa‘fcﬁgtagﬁeﬁg%%rﬁ&i Sc?llg%esﬁiu(%{om hef? &
phosphate buffered saline solutions pH 7.0-8.0.

20  The peptides of the invention can also be administered 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
comprise 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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and a suitable powder base such as |l actose or starch. The powder
may be presented in unit dosage formin, for exanple, capsules
es, or, e.g. gelatine or blister packs fromwhich the powder
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t he

form of fi neleyosdiswvindetie £ahg,ClatkepB i abhe Davimuol elss ppcl W-p24, Buttesgortiisat ar e

?g @%h?gs en%@% inaliquid are also useful in the practice of
H pgland.geit)-des of the present invention may be formul ated

as dusting powders and conprise finely divided particles having an average

not dissolv
t he present

particle size of between about 1 and 5 gm alternatively between 2 and 3

gm Finely dheiagedicgseptidesl afsherpsesdng igpweapion ech dyo peihdeinistatd dnamaghiesas een
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filtration
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15

20

25

30

aolgg;on en administered in an aerosol or i orm. Thus, other aeroso
pharmaceutical formulations may comprise, for example, a physiologically
acceptable buffered saline solution containing between about 0.001 mg/ml and about
100 mg/ml of one or more of the peptides of the present invention specific for the
indication or disease to be treated. Dry aerosol in the form of finely divided solid
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
um. Finely divided particles may be prepared by pulverization and screen filtration
using techniques well-known in the art. The particles may be administered by
inhaling a predetermined quantity of the finely divided material,‘whjch 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
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 inhalation, the

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

pressurized pack or other convenient means of delivering an aerosol spray.

28



inhaling a predeterm ned quantity of the finely divided material, which can
be in the formof a powder. It wll be appreciated that the unit content of
active ingredient or ingredients contained in an individual aerosol dose of
each dosage formneed not in itself constitute an effective anmount for
treating the particular infection, indication or 25 di sease since the

necessary effective ampunt can be reached by inistration of a plurality
of dosage BFSBW1Zefipr PBCKSr, BRe efIRRISve aanﬁ?ﬁgbr?ﬁay PRPEUAT o\ HER usfthg | ess

than the dangidfunlSrofRARaE hREBrofbdBREmbAd! dbRURhdaMBoctiind S@bbES Of

adm ni strations. For admnistration to e upper (nasal) or lower
respi r at or fidxidecér diyter suiabkt gavn, Intthe c3@ dffeepmpeuized agopdlj thesdoshget wat
invention are conveniently delivered froma. nebulizer i zed pack

or other cEHYEM eriermiaethsy provadrg \i‘eYﬁlYthOaﬁﬁ%YéF éﬁ?t?@ﬂr%‘?u%j"gﬁ\gz’ﬁﬁ?rqmz ed
packs LS so%ﬁ%ré Yol ?ﬁ%ifedpfoggﬁh%eaaéscﬁf} i?U gl (Plate‘ﬁf (NBS]: I45@r4§§5'q5 hane,

tri chl or of 'uor onet hane, d oro | uor oet hane, carbon di oxi de or ot her
sui t abl e gag703/1731 heeT,ask aafl 406331629 Werasedl delévens sistenishef thotypgdisalvised may be
determ ned by. providing a valve to deliver a netered amunt,, Ne%ul izers 5
i ncl ude, bheregy earﬁotavﬁlgﬁ’?ﬂq etfomp NUNMEAYS FOTERGIBIRY ?%“W.Ss.m&a@l@%t NGBS

4,624, 251, 703, 173 561 : . 62+, o] v systens of
t he type dicoéj’gﬁ’o&%odl ﬁ'g»?cgfpﬁfaly%é%a?{*%gﬁ%f%m%fégﬂ@?éﬁ@ ygg%?c%@ﬁr ces
i ncl udi ng BhaeRseATRValehen, € BRdFeridirahhss adminfitaion e Gergpeutidagent wor t h,

NJ) and American Pharnoseal Co. (Valencia, CA). For intia-nasal
admi ni $0 r amiayralsa be admisisigred miscnesgelieps1 o Lignid sran speh aywem RIEgcRPte a nose

drops, a ligui.d spra ch as i . i C. i .
net er ed- do§gm?lﬁ‘ﬁra ré’?%{ér‘fé'gf)ﬁeaﬂnﬁ%lf T g[}g’%pag §? éﬁoglrl %?% %11]8 W%éé%? @?Wr? P) op) and
the Medi halygg tfeRiTk@hiler fRUKéMeEr nore, the active ingredients may also be used
in conbination wth other
Furthermore, the active ingredients may also be used in combination with other
15  therapeutic agents, for example, pain relievers, anti-inflammatory agents,

antihistamines, bronchodilators and the like, whether for the conditions descﬁbed 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, e.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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15 therapeutic agents, for exanple, pain relievers, anti-inflammatory
agents, antihistam nes, bronchodilators and the |ike, whether for the
conditions described or sonme other condition. The present invention also
provi des a screening assay for peptides that have |ow 20 toxicity for
normal human or other animal cells but have desirable antimcrobial, e.g.

tif I ti bi]isi f | | ) i
ot herwi oe. KBViRHS S or SRARAR: SRR R Dot B 1. s Rt 1 des
may be obt E@Qaﬂ;sr a‘i’i@{lﬁj ‘pﬂéfs'o?%e%neﬁqhﬁlitﬁ%lﬁg GeeLbr I_tiglﬁe'lnventi on as

25descri bed hereln. e peptides can also be individualfly or rationally
desi gned to have specific structural features The invention wll now be

descri bed hy way of Exanple only with referen to the follow { gures:
30 Figure T l&ﬁr@véslsta%s"%??ﬁ’od%né“%t%éﬁng%ﬁﬁﬁn%‘@pﬁ ’8@%:“’5@?‘%?@%9 to

t he i nventi gn. h T | LSt gﬁﬁg ipg the growth of the
f ungus, %T. (?d&% 3?‘5“8%%?%"% %agnra t;‘%lggﬂhggb ang%%:[)@}%p’days of treatnment with

t he peptides of Figure 1; Figure 3 is a histogram denonstrating the
growt h of the fungus rubrumafter (a) 4 5 days of

é reat ment WigWEtHE ‘]bh-}?g;l% deopsiging ﬂ(ie, erevgh Pg?%sf‘glggsa F{?%&dé?f@r cans,
' ' ; Akl e 24
nours ana. (R K0 HEERE Betb) ol BolBimEm R B B R IR B 17 10

Figure 5 is a histogramshowi ng the results of a dose-response experi nent
for peptide 1 (shown in Figure 1) on the gromh of Candida augicans after a
24 hourl 0 r Fgwiery is afiigpgramshpwing the msHlts Hloniosg-respeascrrPepmentior periide at 24

29” rlg int hle(sB(r)%ﬁefr? %Fgu?er l)aonrtﬁg' gﬁ)vﬂfl ofl eehidid falbggcﬂ'zts L HE ﬁ@ﬁoﬁm@ﬁﬂn&ﬂ; Figure

Figure 6 is a graph showing Candida 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 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 growth;

Figure 9 is a histogram demonstrating the inhibition of 7. interdigitale and T.rubrum
by peptide 4;

25  Figure 10 is a histogram showing the effects of Peptide 3 and 4 on T. interdigitale;

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 7 is a graph showi ng 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 denonstrating the synergistic inpact
of 0.01% acetic acid on 20 the antifungal activity (against T. rubrum of
peptide 4 (1ng/ml) at day 3 of growth; Figure 9 is a histogram

d trati the i nhibiti f T. int I qi.t d T.rubrumb tide 4;

25 i qur e 160 B S ptge showsgh? e Baby Tefput pdeabed B 7

i nterdi gi taér%i_lytﬂ:i)ﬂﬂrr%bﬂu;n'i s a histogram showi ng the effect of acetic acid
of T.

on grow h interdigi’tale; 30 Figure 12 is a histogram show ng the

effect of polylysine on T. interdigitale growh; Figure 13 is a histogram

showi ng the_effects of. polylysine and polyargipi.ne an, the wt.h of T.
Cubrun et @ 54 hisogral Sosvne BRIt S RPEIAIE aRE &t r4prn by
interdigt andoifind: ubrum by 5 poly-L-arginine; Figure 15 is a histogram
show ngggt hzf)(g¥%ecgigg% ’a reduced concentration of polyarginine on T rubrum
and 7: .interdigitale; 10 Figure 16 is a histogram showi ng the effect of
trimers on the gromh of . T. rubrum, Figure 17 is a hjstpgram show ng.the

ef fect of P@‘ﬁ?iedé54lsaﬁdhﬁéf@1m6n51%%n%rtg9w?ﬁ%¥ iBn A7 CRFRIadeN iy yr e 18

is a graphnﬁag#ﬁglet fi%%@rﬁf]‘.'?ﬁ;?%ﬁ%%ﬁé'on Candi da al bi cans at increased
r I st

salt conce ons; Figure 19 1s a ogfam showi ng the effects of
pol yl ysi ne and pol yargi ni ne on the survival of Candida al bicans; 20

10  Figure 16 is a histogram showing the effect of trimers on the growth of T. rubrums;

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 Vira“tl"‘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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Table 1 |ists human bacterial, fungal, parasitic and envel oped viral

pat hogens treatable by the peptides of the invention; Table 2 details
t he peptides which correspond to the am no acid pol yner codes 25 shown in
the Results and Figures. The invention will now be described by way of
reference only to the foll ow ng exarrpl es 30 EXAMPLES Material s and Met hods

Reagent s i des wer rod th b ol i d- h th d
cont r act byAs WP{D‘a%g@’ﬁrWB%&ggtel Qop a Qlyn%‘beﬂsdlp 952‘%& rs% 3 ﬁ:ldsf lrjgmegl
peptide Supﬂl'v P go{l\'mwﬁ’%sﬁﬁc&ﬁw@sd@guma BF %@@)ob&qne'él Q68-Lpetigeh Cheni cal

Conpany Ltd. For tests’wth fungi, lyophilized peptide was 5
prepar ed assupphéodNeod R SutS o n(Sofastiouds) O Finid) lon SigeayAlduth eChenvibdr e

explicitly statedlneperl fromvvh and Fi 11 were
gener at ed, Gewpmy hid gﬁ{}e op dests % gL, qﬁoé“]ﬁeﬁaﬂ’e%‘%c trati on of
0. 5% i ri chophyton
rubrum CP%%?,%?S Q?E@%?%&%%t@??@?%ﬁs ]H% |onaef %@Q ﬂgcti onpo1¥

Pat hogenl C &bkegiin &Fbﬁﬁl@ﬁtsaftﬂnffﬁhﬂi Figred - § aﬁd|H1gLr €l kyerd pamsited, at
approximately nonthly intervals on slopes of Sabuoraud' s agar and Potato
Dext r ose Agagetiaacigd0@s addertiasces ot tominal cpagentratiqmof bhtai ned from the

Nati onal Collection of Type 15 Cultures [NCTC], Colindale) was naintained
in Oxoid Mueller Hinton Broth at 37C. Streptococcus pyogenes strain 8198,
St aphyl ococcus aureus strain 10642 (nethicillin-resistant), and K coli 0157
strain 12908 were.obtained fromthe NCTC, Colindale and maintained in Oxoid

dlio

Muel | er H ntO rgth at 37C. 20 Fungal G owmh Sensitivity Assays To

det ity of f '
their | Roact BT ahaiopisfess S0P 378 R micnefifit 2o aff (RERF PPt 7

interdigit aBES)%&dmI were obtained from the National Collection of Pathogemc 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 maintained in Oxoid Mueller Hinton Broth
at 37°C. Streptococcus pyogenes strain 8198, Staphylococcus aureus strain
10642 (methicillin-resistant), and E. 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 fungal strains to each of the test peptides, their impact
on fungal growth was assessed as follows. Suspensions of T. interdigitale and T.
rubrum conidia and hyphal fragments were prepared by adding 10 ml of fresh
25  Nutrient Glucose Broth (NGB) (Oxoid Nutrient broth containing 2% w/v glucose) to
a slope culture and agitating 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 inoculated into each

30 well of sterile, 96 well microtitre plates to which a total volume 80 pl of nutrient
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rubrum coni dia and hyphal fragnments were prepared by adding 10 m of fresh
25 Nutrient G ucose Broth (NOB) (Oxoid Nutrient broth containing 2% w v
glucose) to a slope culture and agitating with a spatula. The resulting
coni di al / hyphal fragment suspension was filtered through 2 |ayers of
sterile surgical gauze to renove | arge hyphal mats and pieces of agar. 20

| of thi | b b t 540 . .1 di t
Poprox 106 BFOBRgR LD a1t e RREOPREE arRakol Ry e aehiap g PrEvERRBEERP e, %06
wel | m crotifie® @lhewel® Wil fsint Qhizh tlﬁ{é)hh%[f%[q%? vBlun®d o 0l Sk niRdi um

(NGB) and the appropriate anount of peptide so ion had previously been
added. Contuplwitel NeBwan@lidhoakne,n pMs cblveite (ifi aplicablsaynd cdtuthe ¢hm&00l was

made up with NGB nedi um al one, plus solvent (if applicable and at the sane
concent r at | @acepratipg apdpe ipgrtide pamples i sgoYungal, r%%‘f’thgwak‘hth\ﬁ/i IﬁﬁFﬁ e

| _ Jof i |
Bt tor 2an, HoMRuL R Ry B REIARS T It e M D R BT U0

Assays To digtigdubbfiéhstdieo®ensitivity of fungal strains to each of the test
peptides, their inpact 10 on Candi da survival was assessed as follows. C
al bicans cultures were grown for 18- 24h then stored at 4C prior to use.

Fresh cultu&esé.gr&w ovgrni'ggmésgavere centrifuged at 2000 x g for 10 mn and
washed wit roth, adjusting the nunber of viable
cell's to betygabmiin thkQendfivityl oxfuhBal stritins tdeB Yo f el t@pepaidesptheipameactby
addi ng 100 pi of NGB nediumto 6.9 m of 10 nmM sodi um phosphate buffer, pH

15 7.7.1035 ¢n Gindidmswyvitalfwasrasggsss asifollpwh sl wlbicans sylburss weeagrpya for 18-

concentratipons, was addedoto a sterile paolypropylen j.al and
5 prof -t HEtClAaR Rt oy ¢ SrBr ROl Al B sDE AN CRRRNR, TR
ver e i ncubafiehopty $7& i0MnAn WA SFashat With GFesk MuelRp Elifithe Biui adjustingCardi da
spp. surviving was determ ned by serial dilution in sterile phosphate

buf f ered sahimizer pPB8pleanels pi batvaen @mmém@ § 10mle Ayssaytonfigr sigs prepaiedai ni ng
00 & S0, 09T LA0C T RTIS UFGE TH R L A00Tr 7o
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 after

incubation of 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 centrifuged 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. albcans described above. For E. coli and S.
30  aureus, the starting number of cells for the peptide sensitivity assay was 108

/ml and the medium used for enumeration was Nutrient Agar (Oxoid). Str.
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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 4C prior to use.
Fresh cultures grown overnight were centrifuged at 2000 x g for 10 min and
washeg with fresh Mieller H nton Broth. Sensitivity to each of the four
pepti des was assayed as per C. al bcans described ahove. For E. con and S
30 aur eus, HWRETEE I @S_Wﬁﬁrﬁléafl tg‘? Oﬁ@F P@al?%?nm@ﬂﬁ%_ﬂt%a@éﬁg&f?vi ty assay
vas 108 1 My Qgtd duiRA BIARSEE ite RUMIRGAT QR #aR bl @Bladgar. (ol d) .
Str. pyogenes greéw less we than the other strains on Mieller H nton agar
?nd Sﬁ t he sshims} bnd OhumbeSrrofpyogdres duovivilhese dessamyedwasing dWeridt han t hat
or the other strains, at 106 /.. Str, pyogenes survival was determ ned
usi ng Oxoi dlIYPIpRR B A5y &b Plges of Uisienl A8t Nutrient Agar. 5 Results

I nhibition of Tricho h oSoblilLlesl-wh4 10 Two clinically rel evant dernal
fungal pat hogens, Trichopyton rubrutn and Trichopyton interdigitale, were
cultured, as described previously in the materials and nethods section, in
growt h nmediReyultone (control cultures) or in growh medium containing
S0pg/ L of peptide 1, 2, 3 or 4 (shown in Figure 1). Gowh of T.
interdigitale and T. rubrum was assessed by asuring the optical density
15 (absor bdnhibition o Ahighpphiiare gh by Heptides h-4cyl t ure. Conpared to
control,,, un-treated.sanpl es ach peptide t ranpificantly i nhiRited T.
i nterdildi t % ( 'Iﬂ.ca@) Riaa %F‘{S‘Bﬁl_ %‘—‘.P gPé‘f@?geé?:ovS&fﬁ%g%y ’%’Zy;"ﬁ%}r’fd %ﬁ
Control cul t4488ymBh imaehilds wesd Edtited; QD dbyided bR vyl inalie nattiiaktaad by

i ncreases in readi ngs, between days 4 and 7. 20 Inhibition of Candida s
wth and surmétheds $echen,tindgewih medium alone (control cultures) or in growth medium

containing 50pg/ml of peptide 1, 2, 3 or 4 (shown in Figure 1). Growth of T.
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
samples, each peptide tested significantly inhibited T. 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. growth and survival by Peptides 1-4

The yeast Candida albicans was cultured, as described previously in the materials
and methods section, in growth medium alone (coﬁtfol cultures) or in growth
medium containing 50pg/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 concentrations of peptide 1, from 50pg/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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[0 The yeast Candi da al bi cans was cultured, as described previously
in the materials and nethods section, in growth nmedium al one (control
cultures) or in growth nedi um containing 50pg/mL or 100pg/ nL and 300pg/ ml
or 500pg/ mL of peptide 1, 2, 3 or 4. Gowh of C albicans was assessed by
measuring optical density (absorbance 25 at 540nnm) after 24h (Fig. 4a) and
48h (Fig. 4b) in culture. ¢ ared. tg contro untreated.s | es, .each
peptide t esOBECHIAYANS Pﬁamt%%pwgé@g%lf t9) {ﬂogﬂgfénlg& Eﬁ/\ﬂ%ﬁ ?lﬁ%a@fﬂf ﬁ‘et i me
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further con |L[fmrr§3h?{r)l exslglrg’larﬁe%r%%egsl n ?@Hﬁbé: afsggl[ canghg?ovwh’was eassessed
optical |y ahtarfos@4dbpéndesitthintee(fugdgr control (growth nedi um al one)
conditions or in the 30 presence of a range of concentrations of peptide 1,
from50pg/nmL to 500pg,/mM. (Fig 5). In a separate experinment, C albicans
survi vaI5 Vas Ak Oqls&qglac mtaFEm%%a%EPE gicﬁ:"hl tures grown in medi um al one
(control's) concentrations of peptide 4
spanni ng 1 Pgelcliical0QaIbgdnvl bhdterial Pathofensyi K adli0167) haetBicilihiresdstmst
organi snms, as assessed by viability counts after 24h in culture, decreased
in a dose- d¥gehiedeccysammiens ((MIYSAB)ang Preniefocrien PHPSBEE tHE oFXPRFdy i Fal by
Peptide 4 Three clinically.rel ri e I: ,

ot hi oi 111 e ipo Bt Y e ERR, lf Rl ool 8GRy b (R4

pyogenes Weafg&sPasiRentrafons 0f péptiedl. Pty iaqiesiol of 3hi sienpled 6f dagh bactadalnet hods
section, to a range of containing a range of concentrations of peptide 4.

After aOperdubretvesh tragsfamed $o dbpatiatehiniidephase growtumedideplates eandr thesf err ed

col ontes i rgHEY Of VTR IR dh orae) SrOuRERoRar ohf P IREeR Goth™ °

cont ai ni ng rﬂ@(ﬂlﬁlﬁf_j&)n‘ﬂéinﬁlgrﬁé}blﬁée ApsRgHeastéssel aftd- Biuh. Mftee 3hAT expogurposur e,
Peptide 4 significantly inhibited survival of each bacterial strain (Fig.

7) conpar edPaptide driigmificantlytinhibitestsuevivel afeach bastegialisisain feige Aowompasethier . 15
Acetic Acid enh nees agti {ut%nsgal ctiwvi LY of peptide 4
control, untreated cultures; in a dose dependent mantier.

15

Acetic 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 separate experiment was set up to

20  ascertain whether the acetic acid itself might play a role in peptide activity and/or
fungal survival. To this end, T. 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 1mg/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 T. rubrum growth. 0.01% acetic acid alone had no significant
effect on T. 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
1mg/ml of peptide 4 alone.

30 Inhibition of T. interdigitale and T. rubrum growth by Peptide 4
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As both control (non peptide) and test (containing peptide 1, 2, 3 or 4)
nmedia in experinents shown in Figs 2 and 3 contai ned 0.5% acetic acid as a
pepti de solvent (detailed in nmaterials and nethods section), a separate
experinment was set up to 20 ascertain whether the acetic acid itself m ght
play a role in peptide activity and/or fungal survival. To this end, T.

b bl i sh d mat |
oot on’ i 1 GHBGAHY natebm b oe A O &1 cOha AR TGP0 Bt
acetic aci dyerGPiMdnyRE ga!fg}%@m adsgy éﬂﬁéﬂéﬁa]@%ﬁﬂ'rﬂ&hé’dsaﬂdnwm#ﬁdhd@dl um

contai ning 1lng/ ml péepti pl us A) acetic acid. Gowh of the fungus 25
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susceptible to the inhibitory effects of Peptide 4 treatnment than T

10rubriten. Gowth of. T |nterd| |tale was i nhjbited at Peptide
concent r at i Bifectheof Reptides;? ay verdigitale3iovds 3 and 4 on IT

i nterdigit f de 4 on
T interdi glaJ}.% gn a rg]%g@geldg f %@H@ \%ﬁ {119%%%| t8 llflgﬁ?rgésrjs ga;iev\grggag;gérg%%r med as
per natey i aifovahdinkBitedasdas twiee glesfonaed af peeinberialsi shd AstiRelptindde 1- 3
are highly hydrophobi c and therefore insoluble they had aonly previously
been t est edabsgatenef mﬁ%ﬁ@éhy‘bwesws 17 arebighly, biydrophotip) apdntherafpren T

interdigital | t Le S c i de 3,
popt | de s Pl HPERanhG; Pl Hepl (SR ot TEcRERA Sl n B
measur ed byadas KHAHL W hén mmr&ﬂ%ﬁamlﬁﬁlﬂiﬁlvﬁdre growryfor Mhdaks in the peakngr owt h
(Figure 10), whereas Peptide 3 showed no inhibitory actiyvi nz (F| gure 10)

Thi's i ncr easfeBeptidei &.Reyt@ 4 e medivinp gloge PEith naecgtioaeid sohe

Peptid in the 05%acet|c

contri i off® Wﬁdﬁ% §?§g 68 1 JN%S the Y S%ﬁitg?ﬁt&ggﬁ?egﬁ?ﬁbn%a{sﬁg%@ﬁ%obi c

peptides prey) Qiless 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 T. interdigitale

The inhibition of growth of T. interdigitale by acetic acid was assessed by
establishing fungal growth experiments as per the materials and methods section. T.
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 significant effect of 0.5% acetic acid the same concentration as was used
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25 Effect of acetic acid on the growth of T interdigitale The inhibition of
gromh of T. interdigitde 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

di fferent 30concentrations of acetic acid at 30C for 96 hours (Figure 11).

This illustrates that there. is a significant effect of 0.5%..acetic acid the
same concentt }i§ ?ﬁggsslﬁla%re&ggéy ARiSP eﬁepfﬁﬁ@@??rﬁelﬁrtg%ﬁitgﬁs_% ﬁ’f 13@?9 nt .

Thi s experi gafkityl FURHAEE 3 tHe dtidndeaftiacic #%d budgedts Hat Pepidedeistné hdshe
absence of acetic acid suggests that Peptide 4 Ts the nost active conpound
agai nst Tri etiopioptpousppgaissEflFebop/pfaispp. on T. interdigitale Rrowh As
Peptide 4 is a highly cationic peptide conprising Lysine and Arginine

resi dues, the antifungal activity of poly-L forns of these am no aci ds was
tested agai BgfectlofFONRT A idedner WkRBeid® jnhibition assays as detailed
in material S and methods I n the absence acetic acid. Control, untreated
T. interdi giAsdleptidelBtisadsghlpdatibuis eefiiddec comhaisimg hy et ek Ardining/redidweesd
50ng/ m. of pol y-L-Lysine .nol ecul es rangi from 27-100 resi dyes and,_100- 200
resi dues in ee%'&’lcf\’ﬂigﬁgla%m@% %ﬁpﬁgﬁé’fe{e@n@ sepfmiReacyds Wt festediagrtogt & i n
each cul tur 19S50 Al ShniBh C i - Lysi ne
nol ecul es in t%{)%i?%lgﬁdé jﬂggg owt ﬁfﬂtl)l? ﬁ;toﬁgéégrﬁlsﬁd%edr% I S?ﬁfrﬂebti I‘—El g%lrdgﬁli@)gh%}l}}t

wher eas t hetleaalglencenof eceticeadidhChhtreld vgtreated Tatineldigitaln cmitureatandnthotest ed,
inhibitory 15 activity was seen with the nol ecule of 27-100 am_no acids in

| engt h b y contamingnlativean baatmlaandodegml giipelydetysime molegylpgaanging fam gr owt h
i nhibition gffests. [ 1.cho R '

dose- dependai Oury e hd A0 EGCC R hAR 3RB croBistBl SRR P 701 e
of T. rubr umrerdisiftiieinodach Culgalwaackietsddyafet 9p tloMrslat A0UL. MR sived Loly-
poly-L-Lysine was then tested against 7'. rubrum The inhibition of growh

was det er ni hdeysing peteckigs dnhikited dhel ghewvthoas then Tt erdigierie dFighread ) but aci d.

T rubrumwas . cul tured in dium al.one, in di;um cont ai ni ol ¥~ L- Argi ni ne
(26-86 am nd e e el pRioc AT o PRI 058' Reliomibal) ' An
uni nocul st edctivBE) Wi @h WwiOiheAble¥ds o8 RFA 00Hndhb iaside Gn 1eh2tH O Ut Bishver e

mai nt ai ned and growm h nonitored for 96 hours at SO'C:"'POL%- LAr gi ni ne and

pol y- L- Lysi aendgpir#tiang (Figureelt?)t Bhis goggasts that growthyiphibitior( ¢fifests ef [ygine on

Pol y-L-Argi pin nore. active in jts . inhi,bitory inpact against T rubrum

t han pol y- L?Jflﬁg?p%g’?om R-’P@S{hes eaatnﬁe ﬁ?’\c}%l?eélﬂ?mdoses, totally inhibiting
growh at 1ng/nml (Figure 13). 30

Effects of Poly-L-Arginine and Poly-L-Lysine on the growth of T. rubrum

20  The antifungal activity of poly-L-Arginine versus poly-L-Lysine was then tested
against 7. rubrum. The inhibition of growth was determined as per materials and
methods in the absence of acetic acid. T. 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 control was also established.

25  Cultures were maintained and growth monitored for 96 hours 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 7. rubrum than
poly-L-Lysine when tested at equivalent doses, totally inhibiting growth at 1mg/ml
(Figure 13).

30

Inhibition of T. interdigitale and T. rubrum by poly-L-Arginine
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I nhibition of T. interdigitale and T rubrwn by poly-L-Arginine The
inhibition of growth of Trychophyton spp. by poly-L-Arginine was tested by
setting up fungal growth experinments as per the materials and net hods
section. T rubrutn and T. interdigitale cultures were either grown in

medi um al one or in medium containing 3 different concent rations of
poly-L-Arginine. .No acetic aci resent. in.a Ies Medi, um
control s wekse irbftipn of gre 8?3”5281%@)0‘8%%? &’é’sB‘?lBin C WS tﬁétaﬁig)y Growt h
of the fungg&ﬁgg Gl fiRentORs Par ARSHEAEE MISHLAYE YecBbh el 96
hours of incu ﬁ% a%t% g} ? teJre 14) S{i]’%ro yarglenl ne 1s seen to be active
agai nst botkub%mcarﬂsTofmténdi@mldmuhuﬂes \@erE&n@Ierrtgrc(\ﬁn gormedidin. alo@e Efrfiact of

reduced concentration (1Q0 inil) of polyarginine on T. rubrun2 and T.
i nt er Sde Th&esliyg ‘Eﬂnite}l%lﬁgéf lé\q 150k $png¢Nt 19%% bng%‘ﬁne ﬁ?ﬂ?é‘?‘&l‘?ﬁsne was
tested Upy gr e 1BLe AdP and
nmet hodslgéec |]é'oér]51@g]'fl ubru Jﬁ%}a&?nt&@?{ lgl té e CS ﬁjrﬂtggﬁ\%e{%ﬁg%klgﬂ@rd gr own

unt r eat ed Oﬁbsbﬂﬁﬁ&eedf%é hmaham Ggiveh 1& thenfimpty a\tasalbt@‘fmmnll parthe rODeas
(100m m), with no acetic acid present in any sanples. Mdi ullra? controls were

useddto |||d@@mhﬁd@rﬁﬂekﬂyaﬁwmﬁ%lﬁe®aapnﬁhé ﬁ%a@i%lre Eofp aﬁﬂlm{l‘h@ fungus
t
:Aﬁcszub:t |e(r)rr:1 get%gggﬁe %@%&%@g%%ﬁ?%?%g?gﬁuc \é&%ﬁtogonﬁ g/ﬁﬂ 3@ glilﬂegf to a |l oss of

activity, this illustrates the dose effect of the polyarginine on the
Ttychophyton spp. 20 The effect of pept| de ti mer s (3 am no aC| ds) on the
growt h Uf TEffecthofireduead eoncentiat of { iRiNeg d

pol y-L-Arginin ?Iy L- Hi stidine and pon L- Tryptophanon the grovvth of T.
rubrum was ﬂé‘g‘é@é& ®The inhibition of growth was set up as per the materials

and net hodsTROthhihiti6 BF gxm%fmcmephﬂz@{ $pp2By ﬁéﬂgﬁ%ﬁijﬁ@'v@ﬁ tetedaseitng 2mg/ m

of each of the triners. | tures were nmaintal ne or 96 hours at 30C.

Fungal gr owtqh fuvegal grosgly mﬂerbyerwaap@t theenatessals prd meﬂmdawe@tlcms Targsrwent age

of the growt t he un ed culture (Figure 16 L- Argi nine, was the

most acti vede Bnl”ﬂﬁrdé% ‘hgﬁl halubio); ﬁﬁﬁ%?ﬂ% 1.)e§ oafntlr%a e BH 481815ent i de

requiregs to HAL Y101 With hé& &"t@‘%ﬂ&l Eseht inf AR 130

Ef f ect gb} P%@Cblg&é%ﬁ pg%fé P OELQHS% on g?ov&t oIﬁ\S.e |1rI11t e?é?[g})teale
Medium controls were used to illustrate background absorbance of the media.

Growth of the fungus was determined by the OD as described previously after 96

hours of incubation at 30°C (Figure 15). The reduced concentration leads to a loss of

activity, this illustrates the dose effect of the polyarginine on the Trychophyton spp.
20

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

The activity of peptide trimers of poly-L-Lysine, poly-L-Arginine, poly-L-Histidine
and poly-L-Tryptophan on the growth of T. rubrum was tested. The inhibition of
growth was set up as per the materials and methods and T. rubrum was either left
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 a
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 T. rubrum.
30
Effect of Peptide 4 (1.2mg/ml) and NaCl on growth of T interdigitale
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The inpact of various salt concentrations on the antifungal activity of
Peptide 4 towards T interdigitale was investigated. T. interdigitale growth
i nhibition assays were set up as per the materials and nmethods in the
absence of acetic acid. Cultures were left untreated or exposed to Peptide
4 plus a range of NaCl concentrations from5 100nMto 500nilV1. T.
interdigitagle cultures were i ntai ned for 96h at. 30C and, gr h.assessed
by OD as dg’bﬁ}%@&t B?é’\?“?‘%’t‘ﬁsﬁ U pendgiaiiopsyon ea%m‘?gagﬁﬁgwtg@? }g\%"i@e gf
Peptide 4 WBSfRLT & fer@bhtle B¥ad RvEighted OFC Hi2kARLiloP) SrdvhR SRhibRioAr askdys€XCESS
of those found under physiol ogi cal conditions igure 17). The

ant i m cr obiwdre aet iy ad pershe tnatmcbgamionsthdds thethe absanse af ecotigl dcid: €pdintasd as
bei ng inhibited by even | ow salt 10copcentrations.. Effect of Peptide 4
agai nst Canvergacthiprealsdor expasegHo i’ SPtﬂ‘ﬂec‘g AR erjn\fa&%’r"?/‘?w '1018% ﬁ?fn

al b/ cang wag, ehit IR QORS ARG R g%hT £1doowiag a 2h
i ncubat i%on atOﬁﬁ\?g%vsaﬁéﬁﬂ\Z' ?a;r?gégy%?mg:é;%centrat |eons of Peptide 4. Two 15
concent r at | @o&ti0Asséised byvOTe as déscribletcpdvionsly (Fiperegt Hwt Thermndiifunpat actastyer t ai n
t he i mpact of physiological_ and very high salt co]gdi tions %HO\Q@ ]t_‘o i nhi bit
endogenous fPepiifieAvas qobpticeied Byt alt sonceniralions FloshH 0 & 1y §XGE5SFet y of
Peptide 4 v i C REJueASackiFiRdr& 18) .
As the conl@ﬁ?@a ?%rnﬁlg'fgiﬂoé’%%ﬁq}eo\ﬂgﬁ?égpi(ﬁ realslt]dolls}% %g[%ﬁ I-edbseean 1tLat t he

i mpact of th@opdndher p-Gefehsifd REE RidlRdeboried s I'Rgie dahiBR¢Fibueeenl Bw salt
Therefore, the fungicidal activity of Peptide 4 is not inhibited by salts.
Act i vi tlp ofcoRe¢nfrationsysi ne, Pol y- D-Lysi ne and Pol y- D- Ar gi ni ne agai nst

Candi da al b/cans The antifungal activity of poly-L Arginine versus Lysine
and poly-L versus poly-D 25 Lysine was assessed in order to detennine,

whi ch if angrgk of besiRicReRbindeCyilipnibicafle MSh kAt @shcemhioged activity
agai nst Candi da al b/ cans.” Candi da spp. was | ncubated as described in the

material s aSuwivivel bbdsalbEors was hesessed e detsiled immethpds enfemgiesiglsfedowng

100pig/ M, Ing/nl and 10 oly-D-1ysine, poly-L-]ysj

pol yL- Ar gi nit :ﬁl 1%1%%%'21?%@&61 t(lgs §eﬁ‘n§_§ %gfgﬁﬁegéatﬁ)%vpgtr}gﬁp??%n% Two
denonstysat egnbifffieasdr 30N twdrd NERbdiREd liktol the ProWw Ml §b Pbdtealy e t he
poly-L-lysine (Figure 19). It also denonstrates that the poly-D-1ysine has

very sim | ampmnt of phyymlogel iand werytligh kadt perdjtiansykhewen to inhibit endogenous
B-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 peptide variants

demonstrated enhanced activity against Candida albicans. Candida spp. was

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

presence of 100ug/ml, 1mg/ml and 10mg/ml poly-D-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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CLAIMS 1. A peptide, variant thereof, or pharmaceutically acceptable salt
t hereof, conprising amno acids according to the formula |: 5 (POKY)Tran(l)
wherein 1 and mare integers fromO to 10; n is an integer from1l to 10; X
and Y, which may be the sanme or different, are am no acids selected from
arginine and 10 lysine; for use as a pharmaceutical. 2. A peptide or

peptide variant as clainmed in.claiml wherei.n X and/qr Y .ar Qr, L-am no
erds 15 sictrnsfifieqb PR o P SoEhrs it 56Uy 2nfRfeffectyl % Bl X
and Y are ajytgenating anino acids. 4.A peptide or peptide variant as
claimed in ¢claiml1 wherein X and Y are the sane. 20 5. A peptide or
peptide variant as clainmed in claiml1l wherein Xis lysine and Y is

ar gi ni ne. 6. A peptide or peptide variant as clainmed in claim1
wherein the peptide 25 conprises 3 to about 200 am no aci ds.

5
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7. A peptide or peptide variant as clained in claim6 wherein the peptide
conprises 3 to 100 am no acids. 30 8. A peptide or peptide variant as

claimed in claiml1 wherein the peptide conprises 3 to 50 am no aci ds. 9.
A peptide or peptide variant as clained in claim8 wherein the peptide
conprises 3 to 15 am no aci ds. 10. A peptide or peptide variant as

claimed in ¢laim9 wherein the peptide 5 conprises 3 to 7 amno acids. 11.
A pepti de &i%i de variant as clainmed in any preceding clai mwherein the
peptide is acyclic. 1012. A conposition conprising a pharnmaceuticall

ef fective dmpuntA afeptitle, sargant otheregbpet dhagsacepiagatlydagasptahly éﬁlbdh‘ﬁﬁ?é claim
and a pharnmaceuti cal I.%o ac&e#)t‘a . e tc&hr%er 1 xci pi ent or diluent. 13. A
conposi t i orf*APTEg;] ISP I% A e conposition comprises at 15
| east two peptides as clainmed in any preceding claimwherein the peptides
are different. 14. A conposition as clainmed in claim12 or 13 wherein
the exci pi ent on((Mi(YDent is sel®cted fromthe group consisting of an acid,
di et hyl sul phone, N-(2- 20 nercaptopropi onyl)glycine,

2-n-nonyl-1, 3-di oxol ane and ethyl alcohol. 15. A conposition as clained in
clai m 14 whenelin 1the 7% BitgREs #bmdd kd!20! n i$ atthiakh dronel a6 t10d ¥ hadny, he

group consisting of acetic acid, citric acid, boric acid, lactic acid,
propi oni ¢ achich nmyoby tter sameor djffdrentz eicc amuiodacifrissledted &oimd argiminonnd aci d,
mal i ¢ 25acid, oxalic acid, succinjc acid or tartaric acid. 16. A
conposilfi Orl[ysage;}@ral;%aaip AMAGPHICES wherein acid is acetic acid.

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

same.

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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17. A conposition as clainmed in claim 16 wherein the acetic acid is present
in the 30 conposition at a concentration of less than 1% 0.5% 0.25%
0.1% O0.05%or 0.01% acetic acid. 18.The use of a peptide or peptide
variant as clained in any of clainms 1 to 11 in the manufacture of a

medi cament for treating a mcrobial infection. 519. The use as clained in
claim 18 wherein,the mcrobial infection.i.s caused by a,bacterial...
parasitic, %r ot 02 oRPLAG; Qraperbide £ 7GRS af)&tlaﬁ%lﬁ‘gr}p &?6“ &Fﬂ@etﬁgb S PR e i n
claim 19 whgy, 'rﬁeg he, bagl.6ld Rldspat hogen is froma bacterial species
selected fromthe group consisting of: Staphylococcus spp., e.g. 10

St aphyl ococcus aureus, Staphylococcus epiderm dis; Enterococcus spp., e.g.

Ent erococcus_faecalis; Streptococcus pyogenes;. Listeria,spp.., Pseudononas
spp. : Mycobhbt er fupspids. or Bel? l.demlﬁﬁfaé%/é’%} tlab@?%|9o§"#‘l§§?1’e?hee?8@§§t er

spp. ; C%npyéo%p%%ggg t&?&nﬁ%osﬂé(’fg?”a | a spp.; Streptococcus spp., e.qg.

St rept ococcus oup A or t r ept occocus pneunoni ae; Helicobacter spp.,
e.g. Helicobacter pylori; 15 Neisseria spp., e.g. Neisseria gonorrhea,

Nei sseria neningitidis; Borrelia burgdarferi; Shigella spp., e.g. Shigella
flexneri: EbkherfdiPHde 6F Peptdsctbignt fygaigpsd, in @Y@re@%‘gﬁlﬂ M’g‘e’i%ﬁ? &ﬁenzae;
Chl anydi a Sﬁe?)tide?sa% lgﬂ anydi a trachomati s, Chlanydi a pneunoni ae, Chl anydi a
psittaci, - Anerser At ul ar ensi s; Bacillus spp., e.g. Bacillus anthracis;
Clostridia spp., e.g. Costridiumbotulinum Yersinia spp., 20 e.qg.

Yersinia pestis; Treponema spp.;. Burkhol deria SE% ;. e.g. Burfkh?l deri a
mal | ei Hhd B.pseddompapitien comprisinga phamnageutically gdective 2oapheted Isgaldnsi n t he

viral pathogen is._f . V] C LSl : Human
 mranodet | cPdy B pAEE i b feg Rl g o IMRA RGNS Tt [T
1 & 2); Eboé@ip{éﬁtlbiaﬂhwfan papilloma virus (e.g. HPV-2, HPV-5, HPV-8

H PV- 16, HPV-18, HPV-31, HPV-33, 1-1PV-52, HPV54 and HPV-56); papovavirus;
rhi novirus; poliovirus; herpesvirus; adenovirus; Epstein Barr virus;

rhi pol iovirus; herpesvirus: sdenovirus; Epstein Barr vil
SARS cor onabtr us Gbesbion o PRt i R Tt oo o BRAMSELE

parasitis PrRUAGOBRN peStidRrisveldiniddo i anpairaseidingC claih holgeeinshk egpides arem t he
group consig_tf} ng otp %ypanosoma spp. ,
1fferent.

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 ethyll 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 acetic 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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(' Ttypanosoma eruzi, Trypansosonma brucei), Leishrnania spp., Gardia spp.,
Tri chononas spp., Entanpeba spp., Naegleria spp., Acanthatnoeba spp.,

Schi st osorna spp., Dias/nod/um spp., Cgtosporidiumspp., |sospora spp.,

Bal anti di um spp., Loa Loa, Ascaris lunbricoides, Dirofilaria Toxopl asma
ssp., e.g Toxoplasma 5 gondiL 23. The use as clainmed in claim219 wherein
the fungal pathogen is derived froma fungal pathogen of the genus Candi da
spp., (e.g. C albicans), Epidertnophyton spp., Exophiala spp., M crosporum

spp., Trichpphyten SRRfa fptifle br oML VaAit ad @lalinsd 81 shiyodft Abigs. 1 thineia spp. ,
Aspergillus spp., Blastornyces spp., Blastoschizomyces spp., Coccidio ides
spp., O yptihe ovautcsppoef Hnstiophasrfor t@Eping aPaicabid cifdetdmyces spp., Sporotri x
spp., Absidia spp., C adophial ophora spp., Fonsecaea spp., Phial ophora
spp., Lacazia spp., Arthrographis spp., Acrenonium spp., Actinomadura spp.,

APOphySOTYCRS SPPhe ydeRR @diftpaaim B@%Jgg}eﬁp%tﬁcﬁ)%%l infeStidREd N EEd By BPP-

Cht ysospori um spp., Coni di obol us spp, nni nghanel | a spp., Fusari um spp.,

Geot r i chum sqeperial, Gaensiticuprosyzpal, vicdpr demabeathegenapp. , Mal assezi a spp., Micor
spp., Neotestudi na spp, Nocardia spp., Nocardiopsis spp., Paecilonzyces
spp., Phoma spp., Piedraia spp., Pnezunocystis spp., Pseudallescheria spp.,

Pyrenocha eja sppy, gcﬂggﬂmlﬂg@ﬁn%&@mqﬁ% %@B&wﬁ?@@%@ﬁ%%ﬁpaw 20

Sacchar onyces spp, osporium spp., Scopulariopsis s , Spor obol onyces
Spp., Syncebdeadrias ispetiessypectedT fromhtddegroap sppsisting bf Krepoiaocappspp., d.@cl adi um
spp., Ustilago spp., Vernetlliumspp., Wanglella spp.. 24. The use as
cl ai medlQ n SBHeICHh FEeH. t NEPPAPFSEEN %d%”i”’%ﬁe %@Wgows TERRNdphyt on

spp.. 25. S j j i ef e n: t P i .
TP chopit o HErdeReR g fdl S DS Byt oL lePia I TRLORB SR i
t he pat hogemyispatter o pippt..one.gubMgtdbacteriih flbercufmisas Kiltaobader nsppl;ai m 19

wherein the ffingal infection is onychonycosis. 28. The use of a
pepti de or fewmpyiaeacsePanSabronellaisaR o ST EPIAFRECHT SRR Srs ST ERIBCOLEUS HIBIDt he

manuf act ur eAOI)r %, %‘p?o%gg&g ];rperum%;zz%@,t iﬁé%cﬁbd&b‘ioﬁ)%'., égf ?féil’&%vz‘er pylori;
15  Neisseria spp., e.g. Neisseria gonorrhea, Neisseria meningitidis; Borrelia
burgdorferi; Shigella spp., e.g. Shigella flexneri; Escherichia coli; Haemophilus

spp., e.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: Human 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;
Epstein Barr virus; influenza virus, hepatitis B and C viruses, Variola virus, rotavirus
or SARS coronavirus.
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 Trypanosoma spp.,
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29. The use as clainmed in claim28 wherein the infection is cystic
fibrosis. 30. A substrate to which is attached or applied a peptide or
peptide variant as 10 claimed in any of clains 1 to 11 or a conposition as
claimed in claim12 or 13. 31. A substrate as clainmed in claim30 wherein
the substrate conprises a fabric or collagen material. 1532. The use of a

pepti de or tide variant as clained,in any,of, claing 1 te..11.jn e
manuf act ur e&%&’_aﬁosﬁ%ﬁi ccélﬁéntfqpézps‘{'g?”e“ét ibﬁlﬁ:elz WeTHETarss PR ug;éé}yéiéd CFé{JP’ned in
cl ai m 32 wWhe#ighdmdas \éﬁllb!ﬂdEhﬁmﬁoe@&"[ sPp., & Nasleria2Qpgs. Teantamooba aspept i de
or peptide variant as clainmed in any of clains 1 to 11 in the manufacture
of a medi cabdntosoor spreallasgodimmusarer Cryiaporidimrspiholiospbra sppatBakeptidium

preventing a m cr%)cil %JS i nf ct.

i nfecti.on,in,a,subject. .t t hod cq I.Sin
D i st ori 18- £ L dostily Bt eh DS B, oS S SR e
pepti de r gegtii de variant as clainmed in any of clains 1 to 11 or a
conposition as clainmed in claim12 or 13. 36. A nethod as clained in claim
31 wherein the mcrobial infection is a fungal infection. 37.A nethod as

claimed in of ai MEo,Q 360 LELRIP P Witdfin RRALAGE pYRbLAI dRfivéPARAS ti on

I's adm ni stered topl caﬁ ly to trﬁe sIIEk)l n or nails ogﬁtphe Subject. 5 38. A

met hod of tfungilipathogewolitie ganua Cambidacpps ¢nprC.aillicpraly Fpjdengophytemsppyound
Exophiala spp., Microsporum spp., Trichophyton spp., (e.g T.rubrum and

10  T.interdigitale), Tinea spp., Aspergillus spp., Blastomyces spp., Blastoschizomyces
spp., Coccidioides spp., Cryptococcus spp., Histoplasma spp., Paracoccidiomyces
spp., Sporotrix spp. Absidia spp. Cladophialophora spp., Fonsecaea spp.,
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., Pneumocystis spp. Pseudallescheria spp.,
Pyrenochaeta spp., Rhizomucor spp., Rhizopus spp., Rhodotorula spp.,

20  Saccharomyces spp., Scedosporium spp., Scopulariopsis spp., Sporobolomyces spp.,
Syncephalastrum spp., Trichoderma spp. Trichosporon 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 Irichophyton

interdigitale.

30 26.  The use as claimed in claim 24 wherein the pathogen is Trichophyton rubrum.
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a therapeutically effective anount of a peptide or peptide variant 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. 10 39. Use of a peptide,
variant thereof, or pharmaceutically acceptable salt thereof, conprising
am no acids according to the formula I: (Dis wherein 1 and mare integers

fromO to nJjs an integer from1,t.0 : and ar e. nd are
lysine in ttle nathﬁ atfu/d g et Bt fo%%‘?rﬁlél '}]Feea n%%t lﬁ)%ggmﬁi f(:?lrobi al

i nf ection. onychomycosis.

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

5  the manufacture of a medicament for treating a mucosal infection.
29.  The use as claimed in claim 28 wherein the infection is cystic fibrosis.

30. A substrate to which is attached or applied a peptide or peptide variant as

10  claimed in any of claims 1 to 11 or a composition as claimed in claim 12 or 13.

31. A substrate as claimed in claim 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 effective amount
25  of a peptide or peptide variant as claimed in any of claims 1 to 11 or a 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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37. A method as claimed in claim 35 or 36 wherein peptide, peptide variant or

composition is administered topically to the skin or nails of the subject.

5 38. A method of treating a 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.

10 39. Useof apeptide, variant thereof, or pharmaceutically acceptable salt thereof,
comprising amino acids according to the formulal:

(O )mdn (1)

15 wherein| and m areintegersfrom O to 10; nisan integer from 1to 10; X and Y are
the same and are lysine in the manufacture of a medicament for the treatment of a
microbial infection.
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