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The present invention concerns novel non-henolytic cytolytic peptides,
conpositions conprising themand their use in the treatnent of diseases or

di sorders and 10 in agriculture. BACKGROUND OF THE | NVENTI ON
In the text below, reference is being made to prior art- docunments, the
conpl ete particulars of which can be found in the "References" section
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1 15  specification before the claims. - : :
The increasing resistance of microorganisms to the available antimicrobial drugs
" has resulted in extensive studies focused on developing alternative antimicrobial
compounds.
In addition, or complementary, to the highly specific cell-mediated immune
20 response, vertebrates and other organisms have a defense system made up of distinct
groups of broad spectrum cytolytic, e.g., antibacterial, peptides.

- Studies on lipid-peptide interactions of such cytolytic peptides, also known as
cytolysins, tend to emphasize the importance of the amphipathic a-helical structure for
their cytolytic activity. This conclusion is based inainly on studies with cytolysins that act

25  on either mammalian cells or bacteria alone or on both types of cells. A major group of
cytolytic peptides in this family are host-defense short linear peptides (<40 amino acids),
which are devoid of disulfide bridges (Boman, 1995). These peptides vary considerably in
chain length, hydrophobicity and overall distribution of charges, but share a common
structure upon association with lipid bilayers, namely, an amphipathic o-helix structure

30 (Segrest etal., 1990). |

Examples of known cytolysins include: (i) antibacterial peptides that are cytolytic
to bacteria only, e.g. cecropins, isolated from the cecropia moth (Steiner et al., 1981),
1



WO 97/ 31019

PCT/ 1 L97/ 00066 magai ni ns (Zasl of f, 1987) and dernaseptins (Mor et
cal., 1991) isolated fromthe skin of frogs; (ii) cytok&sins t hat are
“sel ecti VYRt oxic to mammalian cells, such as [err]- T, in

i sol ated from St aphyl ococcus aureus (Dhople and Nagaraj, 1993); and (iii)
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cel | - . Sucls gheegdct iu?s hapé ibéas proposed as destrolrthe eaergy nmktabolism dfsthacxhrdenow;
yet, ..a_t_n : Ioggalnissn;] CI)aty icrlcfe%;ing the permeability of energy-transducing membranes (Okada and

* Natori, 1984). Because of their amphipathic structure, it has been suggested that these

-

- antibacterial peptides permeate the membrane by forming ion channels/pores via a "barrel-

25  stave" mechanism (Rizzo et al., 1987). According to. this model transmembrane
amphiphilic a-helices form bundles in which outwardly-directed hydrophobic surfaces
‘interact with the lipid constituents ‘of the membrane, while inwardly facing hydrophilic
surfaces produce a pore. Alternatively, the peptides bind parallel to the surface of the
membrane, cover thé- surface of the membrane in a-"carpet“-like_ manner and dissolve it

30 like a detergent (Shai, 1995). _
Despite extensive studies, the exact mode of action of short linear non cell-

_selective peptides, such as pardaxin and melittin, is not known yet, and it is not clear
2
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t hei r “cyt ot oxi gid s9d10mar ds manmmal i an. cells and bacteria. PCT/IL97/00066
Pardaxin, a 33-ner peptide, is an excitatory neurotoxin that has been
purified from the Red Sea Mbses Sol e Pardachirus marnoratus (Shai et

al ., 1988) and fwirether Binilar stidemeal featBrdsaro fequired \fors theimcyfatokicity tewanizahamnmlian
pavoni nus (Thonpson et al., 1986). Par daxi n possesses a variety of

bi ol ogi cal acti ¢ells and #&1¥%li ng. upon its concentration (reviewed in
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concentrations gﬁe Fd7S8 Moses Sole Fardddhiruls emiwmsrans | Shai et al., 1988) and from the
cal ciumindependent, and above 10-5M cytolysis is induced. 10 Pardaxin

al so-af f ect s 5t hdPeacackvSelecaf the westarn Racifiey Lardashirua papenipus ofThompspn epials d 986).
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26- mer anphi pat h(}/séﬂdgge%%[?tg@ I's t Hg lﬂ}eg}’ﬂfo rgpigrfg}ﬁy'%?n% ﬁ‘ém(/lgnb m o Fﬂlﬁé idh g[:lﬂagnels
honey bee Api s nibht arfeaotagddéependentrandndightiy iselettivel @6cationnd A Sbarred-stavet hechanism

nost . studi ed nmenbrane-seeki,ng peptides (Denpsey, 1990). Mlittin is
hi ghl'y cyt ot oxi cfor dmsertion oﬁawﬁwmém@c@mgmséwy@%da thasis pftitsitructure and
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under t aken t%)s de ero%gn%é%kﬁg{cﬁg%tﬂédeesé t he |1r!11t§lr1%’ct|o .O?&ggh&iq&rfagﬁ téilﬁﬁhvm rrmhehx
menbr anes, bot h sthichuréthe N-helix includes sesiduds bl 1tand the Cehslixainchmesresidnes 04-26. The

melittin-induced henolysis and as a npdel for studying the gengral features, |
of structures helicegpreseparated by# prelinggesidue F‘H-Ea\‘;ﬁdé%‘t%ﬁ?"o%-sm strugtugal otif is

wi t h phosphol i pi €S, 4: : G ttln&t EEQ e | vi depce .

i ndi cates that di e?}e&%ﬂlrm tébc_u‘ ar_;'-1 wa"% srrs%n%%{ rrﬂaf)i/é%lgdpzf ﬁ\ég&'gal &f%? g‘ﬁéi'gp in),
actions of melitandin dyRitexit peptides thatiean dysp aivasielyi of cel @d.g.Cmeliftih). Structure

has been shown to be a prerequisite for its various activities (Perez et

al ., 1994). 20 Mé)jm‘im/agg@m amphipathic peptide, is the major component of the venom of
PCT/1L97/ 00066 the honey bee Apis melliféra (Habermann and Jentsch, 1967) and is one of the most

studied membrane-seeking peptides (Dempsey, 1990). Melittin is highly cytotoxic for

mammalian cells, but is also a highly potent antibacterial agent (Steiner et al., 1981).
Numerous studies have been undertaken to determine the nature of the interaction of
25  melittin with membranes, both with the aim of understanding the molecular mechanism of
melittin-induced hemolysis and as a model for studying the general features of structures
of membrane proteins and interactions of such proteins with phospholipid membranes.
Much of the currentlyi described evidence indicates that different molecular mechanisms
“may underlie different actions of melittin. Nevertheless, the amphipathic o-helical

30  structure has been shown to be a prerequisite for its various activities (Perez et al., 1994).
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The structure of nelittin has been investigated using various techniques.
The results of X-ray crystall ography and NMR i n nethanolic sol utions

i ndi.cate Qg&egoq? nol ecul e consists oftwo a- heli cal s%@rﬁesi dues
1-10 and hat intersect at an angl e of 120. Th s . are
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1987) . bvé}o g@ Bhﬁﬂg ofnuu;s ah %dfl fmh RRHbCALA

pepti des aga | ve a am negat1ve eria, pardaxin
i s 40-1500 résl&de hia@C#temuhgltsnde wiltlaa chage of i2p viliile mehunc(nethtmga myéxhﬁmys es
(Oren and Shai f pardaX| n with L-_to

substit ut iR W&m . ‘E?é“"é%’pg’ﬁl@s’é'ﬁ’glu‘é‘ag qdytg derEFAUSROR Iﬂ’%‘eﬁ}'ges

- (Pouny an h é%?al' rb@ﬁ;lrﬂe S é]rggg t

"bel ow) th;tfﬁt%c? ﬁ% pa)lleepts g:tn oseég}& el gsuny an al , El1 ,mﬁlzlittrrlgl Y,

D- Pro7- Pardamrhinds rsxmﬂatl;me:{thrZ\}Vineno@er arjd megativelyn chmig'edi ephisphalipids

henol yti c, haveavr' o cterlal ct|V|t o ues of

magai ni n WR@paport ag Egmé-u&ﬁs ﬂ&‘ Sn@ele\gpeb‘&ﬁ% geﬁfuﬁ’d Eﬁqvglé' ged than to

ant i bagt er ' 8

anti bag iﬁ mu%ﬂ%%ohﬁﬁﬁﬁg (Bitefburg etzl33587; Batenburg et al., 1987). Also, pardaxin

PCT/ 1 L97/ (§ifids5 to phospholipidsStithYpositive ‘cooperativity (Rapaport and Shai, 1991) while
melittin binds with negative cooperativity (Batenburg et al., 1987; Batenburg et al., 1987).

Although both pardaxin and melittin are potent antibacterial peptides against Gram-

..—I'I

positive and Gram-negatwe bacteria, patdaxm is 40-100 fold less hemolytxc than melittin
25 towards human erythrocytes (Oren and Shai, 1996). . _

| Analogues of pardaxin with L- to D- substltutxons were shown to be capable of
_ lysmg human erythrocytes (Pouny and_S_hax, 1992). It was later ;hown (see results reported
below) that two of the peptides disclosed in Pouny and Shai, 1992, namely, D-Pro’-
| pardaxin and D-Lcu's_Lgu'g-pa_rdaxi_n, while ._being hemo_lytic; have a very low antibacterial
30 activity. Analogues of magainin with L- to D- sqb;ﬁit_uﬁons were also found to lack

antibacterial activity (Chen et al., 1988). |




In the following, use will be nade of several coined terns for the purpose

of ' streamining reading of the text and facilitating better
under st andi ng wb g73getonvention. It 5 shoul d be not ed, however POIVIRY7/60066
conpl ete understanding of these terns, reference will at ti mes be nade
to the conpl ete description bel OW. These terms and their meani ng herein

are the foll ow ng: . "Heterogeneous peptide" as used herein
refers to a peptrde C rrsrng both D and L-am no acid residues. 10
"Hormogeneous peftdi Aﬁsf used herein refers to a peptide conprising either

only t he natura r ' | d resi dues,
"Hombgeneous L-pepti h‘bl‘heag%'mﬂﬁgbg%{]@&%@“‘é%t°f&% J"Xag‘:ﬁ@g@qﬁ@? ?°r¥ ?‘gf%ﬁgse of
t he honogegeamsinify Yemiig O theowsi add ReilRating Betteraindefstdiding of fe invention. It
D-am no acid residues, respectively. 15 "Het er ogeneous

L-based pepts deshoubdibe heted; hoyeeven thatfonearapleisaunderitanding ofthese terms, eference will at
f t het tide
Fesi dues. . g, ames beganie: (3 (e HEHIGR AerHOR LT Cotte TR her eapipg herein

one or nore of phenlfsfgvangaci d resi dues has been replaced by
counterpart D-enantioners, and a heterogeneous pepti de conpri sing
primarily D amno acr“ﬂieteregm peptide’ ahusedchersin mefers tofa peptidcamprisingboth DOand
resr dues has be repl ac ﬁ@ counterpart L-enantioners, respectively.

"Hel i cal peptrd a‘ﬁ’é“l?é"@ﬁ” ‘n refers-to a peptide havi ng a continuous

a- hel i x o Stret ch Flﬂi(ég{iéﬂﬂs é"’%@ﬁs t :

hel i cal por |on of a #g I Ca peﬁgd egg'g]egéllfs??gﬂfésnﬁf of&éﬁqﬁ%glrg cither only
L-am no aci d r egiethatarabL-adthinoacid residubs| ersordy ®samino acid residues. " Non- hel i cal
peptide" as used hergin refers to a peptide which has no a-helix 2

structure or has non- &Ismmm@ ?@Fq% °§S BQ‘PBSWH#PDPSP% ?'Fﬁnfefmthe
| ength. A non-h |

a-helix stret chﬁv\*?r%gk"eoruﬁ %oa@%?g%ﬁgﬁﬁﬁg é?ﬁ {Isnti"lé} eng %t;}%x&ﬁr'ﬁég}d‘“s

|l ess than half gespectivelynf a cel |'s nenbrane, e g , less than about
10-15 amno acid residues, and if it is a ngn-termnal a-helix, has a

| ength whichSis “Heserogeneans Lnbased ineptileit ﬁ“‘bf‘ heterogeraons D-hased; paptide” as used
| th h
ray be o ponmgoRanitefBd 153 Alragerbhe peliae PR pri) TIBE RIS, e

bel ow) or. nmay ageptidederivgicion tonmupehecis. L-peptlde in which one or more of the L-amino acid
5 WO 97/ 31019

PCT/ 1 L97/ 00066 Tesidues has been replapgd by qompiermart Rorranjiomsss, gad@ hetprigpngous qreptide
to a moiety whi %Qg{p%jsingtsgﬁ lﬂta(?mﬁg acjd, regﬂl’u?.ﬁ ik S e Bt fotd JF W Pdrhiho acid

continuity. Such for exanpl e am no

Er 1(‘.)|hl ne or gbYycirésidues-hasbeet repubed by boatierpan L-exfantibmess, rdspebtne@m no acids
(6]

“Helical peptide” as used herein refers to a peptide having a continuous a-helix
stretch throughout the major portion of its length. The helical portion of a helical peptide
consists entirely of either L-amino acid residues or D-amino acid residues.

_ - “Non-helical peptide” as used herein refers to a peptide which has no a-helix
25 . structure or has non-continuous a-helix structures dispersed along its length. A non-helical
peptide accot'ding to the invention may have an a-helix stretch which, in case it is
terminal, has a length spanning less than half a width of a cell’s membrane, e.g., less than
about 10-15 amino acid residues, and if it is a non-terminal a-helix, has a length which is
less than the full Widt_h of the cell’s membrane, e.g., less than about 20-25 amino acid
30 residues. A non-helical peptide may be a homogeneous peptide with a-helix breaker

moieties (see below) or. may be a heterogeneous peptide.



cyclic and acyclic such as 6-am no-hexanoi c acid, 3-am no-1-cycl ohexanoic
acid, 4- 5 am no-I|-cycl ohexanoic acid or may be an L- or D-enantioner

i nsertedi a- hel i x stretch consisting of a stre o acid
- resi dues“@;@gﬁopposi te enantioner. " Pat hogeﬁ@?@p
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The pres erﬁrotow&nhrmmw nbaoplising, adhoell WisPamiradiah i cells hgfetted twide pattiogenic
het er ogeneous ~_L-based, peptides which have none or only a partial
a-hel iR cmmﬂwl%ﬁ"ﬂ@w eg#&mmybﬂewv%%yt olytic

hat ' pept i do- i nitBEdive, FApRECie AR s kit el 1006 o oUANED of B SRR SR

confi gur atin@tcifg citiysis of a pattiogesia iceil cthe aplectivity bemg manifested uhthdiah‘e hfeift
been realized in accordance with the invention that an a-heli cal
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i ncl ude padddogeike. or gani sms and nmali gnant cel l's; and

“Diastereomers” is used herein as a synonym of “heterogeneous peptide™.
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SUMMARY OF THE INVENTION
' The present invention is based on the surprising finding that certain heterogeneous
L-based peptides which have none or only a partial a-helix configuration have a non-
hemolytic selective cytolytic activity. This finding is surprising in view of the prevalent
25  concept that peptide-induced cytolysis in cells depends on the a-helix configuration of the
amphipathic peptide. o o
It has thus been reahzed in accordance with the invention that an o-helical
structure is not essential for a peptide to have a cytolytic activity at least on certain cells,
~ e.g., on microorganisms. The a-helical structure is required for mammalian cell lysis but it
30 is not necessary for antibacterial activity.
The present invention thus provides a peptide having a selective cytolytic activity

manifested in that:




| 1
(b) It is non-henolytic, nanely it has no cytolytic THISSHERT HA% BEEN]d
cells or has a cytolytic cffect on red blood cells at onceMEPhACRhs whilch
are substanti g, ? ¥7/8i0gder than that in which it manifest's sald CypOoTYLIW0066
activity on pathogenic cells. . I n one enbodi nent, the invention
provi des a non-henolytic cytol ytic peptide having the fol | ow ng
characteristi c%:? (2%t ha:«i 4 iR dcviofly bhGatigeait- Geils £Bdihy elty/ Wlch! dré ndAtnutarally
pepti de being peptid conprising both L-am no acid residues and

D-ami no acid r @sturiag wxﬂhx) the bady apd pudhede pﬁbom orgauisms and gialignantwenlls;lands

t th 1 d th tid
Pon-sel ect 1 ve &Y ol yt fAombemalyRECmal. i LY By YA effest anoted blond erll prbas =
or a fragnent tgf‘c{ J e&é)ﬂ ohB&d 91%5? ean alcsﬂc&lhaﬁeﬁ Whithafe mb@mhﬁaﬂmgae; {h48 that

am no acid conp06s to neutralization of free carboxyl groups, and/or

to the addi si OﬁnWmﬂDﬁm:Mkkt;saﬂ&y@éﬁlaumnyampamogsnntweﬁs or positively
charged chem cal groups. not her _enbodi I nvention

provi des a non- henolipt pee @WbGFiVP?‘E’ !qVGB“%\HrﬁUggihé P‘Eﬂ' eRPlygc cytolytic peptide
characteristic synthetic peptide conposed of
varying ratlosh?@m?gghﬁgﬁgc roph&%l c amno acid and at |east one
positively chargpd qmmﬁ&onﬁﬂﬂoﬁ-@ei&tix@hyﬁdﬂﬁeﬁmipeﬂn&hﬁex@e of the
amno acid residues is a D amno acid; (b) t he peptlde has a net p05|t|ve

charge which is gredaa) mmtndscomsm) Oth{-t‘PémPStaF’é“GF‘ ReRANd JPraprieo peid
positively charged ds is such that the peptide is cytolytic to

pat hogeni c lg’el | s butrea@g‘gé%t cause cytolysis of red blood cells.

Exanpl es of positi vetap) Chapgpeidetomprisifig dae drebotly of Ieamériogadid residitst and D-amino
histidinc, and of hydr ophob| c.amno acids are |eucine, isoleucine, glycine,

al ani ne, vali neqcubmmal |mpmlmr¢éh°l!’ybf6§kﬂén@ﬁ%t rypt ophan. The nét
positive charge eto oald (e]0) th i tion of
positively char@ d c éh&s pﬂﬂ;’v%lfl%%g%gﬁt%ﬂglg&e@%ghmlﬁ §8§| tion,

pol ar am no am@; sug{gﬁug@{slaﬁ@m dthigoni ne,  met hi oni ne, aspar agi ne,

gl utam ne and cySteine, iy be added in order t o decrease the
hydr ophobi ci& y The noyyseleetivel cytolytic natural peptide i is for example pardaxin, mellitin or a

PCT/ 1 L97/ 00066 ngd/ or t oxicit 0 erre
enbodi ment, the ?’?ad ?ﬂe‘%})‘é B& PXS@{' 8@?@%%08“%%&%08@ % acid
as |eucine, al agdfiSosition]3b h@tﬁrﬂ%ﬂo&&ﬁﬁ@@é&rbﬁﬁ groups, afd/aF @olle adilition T positively
such as |ysine or ‘arginine. . ..The synthetic peptlde may have at | east 6,

particularly techavgedmnmoam&msxdm&mpmntweb' Chawdcphetmcal groype. preferred
enbodi nment, the synthetic, dias é}g‘omar &)ept

| euci ne, al ani ne or W?f@eraﬂﬂ Eﬂ‘eameﬁ?‘”} Bﬂ’é’t‘ ﬁrpen?rhp?r&olgpctqr;}gﬁygc pepude

sequence i s, Eﬁﬁ%ﬂ sds. In a further
enbodi nment , the non= henol yti C cyt oI ytic peptide of the invention is a
cyclic di ast er e(@yer & isaa mepinatiraldsynthetid peptide £omposedt: of yarying cgttogltyﬁatleast one
natural peptide_or 1 of g non; ral syntheti.c peptide .as described
above, OP gf a pygaﬁgqhxc tW%@F‘J] ﬁxfggg keasly one posmva p charged amino acid, and in which
sequence at least one of the amino acid residues is a D-amino acid;
(b)  the peptide has a net positive charge which is greater than +1;and -

25 (c) the ratio of hydrophobic to positively charged amino acids is such that the peptide

is cytolytic to pathogenic cells but does not cause cytolysis of red blood cells.

Examples of positively charged amino acids are lysine, arginine and histidine, and
of hydrophobic amino acids are leucine, isoleucine, glycine, - alanine, valine,
phenylalanine, proline, tyrosine and tryptophan. The net positive charge is due to the

30 amino acid composition, but the addition of pésitively charged chemical groups may also
be considered. In addition, polar amino acids such as serine, threonine, methionine,

asparagine, glutamine and cysteine, may be addéd in order to decrease the hydrophobicity

This Sheet Has Been Replaced




cyclic di-ast'ereomers are obtained by conventional cyclization methods for
peptides. In.one ' enbodi nent, the cyclic diastereoner is derived from
t he frag'wﬂéw#‘)‘?} of pardaxin to which 1 to 3 Lys residues have been
added to ‘ermi nus and cyst ei ne residues -have be i TALAUPP06E, hot h
N- and CG-termnus for cyclization. 15 In still another enbodi nent,
the .inve nﬁ{d}& tRE QONiEiEP ofthe PLIERNR 1} 'ohé pfeféPéd/érhBodiment, Rhé/peltidk Ys BomBoRd
nore non-henol ytic cytol ytic peptides of the invention conpl exed or

"bundl ed"off ogehb!ém,phebig-.amiymtmiﬂp such a$ leucinenlalaning of tvalind, adnd’ omo Ipesitilvely

coval ently bound to ., -each of the.peptides. The bundl e may be conposed
of 2 or - ,e%%mgragﬁs\ycggs;yapgamagﬁing " of “the same peptide or of

di f_ferentmggg.inggfmﬁtgdd&ﬁ Havé a8 TRAsA6E paRIE s Ng.a.t_eﬂ%}hh.dfe -&Bi,{oh b acid

i nventi on or use I nker, e.g. po rs such as polyesters,

pol yars degesidues. Inpahq’pmlﬁ&rrdem' ' SHemb@dimmthoam?aﬁsﬁ. ?‘“Sﬂf“’“ﬂ _igsd N2imepéptided |
active groups such. as, OH, L. ., NH err], {err]Br. . n
still a fepmprsed egwﬁm?ewnmé VP&%%@&%%%@S&O%#W@%M@@&& is
cytolytic,. ¥ D hinef drophilic diastereoners of the invention

obt ai ned %"ym%%‘5?18555 m xtagﬁaé' 25 conposed-of 1" eq each of the desired

hydr ophobi ¢, phsa findssryembodimen, theciob-hemabpticoeytolytit peptide 688 ifvsHtoni9 aSt €p
of the solid phase nethod forq@e_‘gttj de synthesis. In this way, a mxture
of 3[ err] cxnlicidiastereomenef & peptide deriyed fTom a npnrselestive gytohyicaratyrgkpenside or

| euci and_D-1 euci e .ODN[ | | L XfeUr g was _opt ai ne

t her epf on?gf‘t‘ﬁ’?"’%ﬁ“@r%“@ﬁ%%ﬁ p@ﬂd%ga%t @égﬁgﬁ]h%t ?F)& a ﬁagﬂantl @’8&??1 ﬁ‘ﬁei on.
30  cydhicalidstérehfiersapdolstaiiied by comventioiisl iyt lizatioh aéthieds foP pegitiies) tdre
cytolytic random copol yners caonsjsting of different ratios of a

hydr ophobembodinsat the\yFlic ditgicgramnearia derived Trom the; fregwentc ] d2 of pardaxin to
5 11 2 Lovndopd'h 3 Ly retiiis nabO BB BEIed 8 the Notelhltius Znli Bsteine residues have

8

PCT/ | L97/ B8&lded to both N- and C-Rimimisabt sycliitonnon- herol ytic cytol ytic
peptide in accordance with the inventign =~ has either no [err]-helix
strucllire or him sl another_embodiment (the nvention cprovides ta npr-hemelytici eytehtict o

ot " cont abiiedfly e 2 of hore HoBNeAy BRoRRR pérfiaR, of e HVERGY Wmbliig RC0
aci d resi tpafdled” taﬁétﬁérgé.h. byfhehise ofh linker di0ttemplate¥anbledile @ovdlaithboiitidae |

pore. Such a length is typical]ly about 20-22 ani no acids, where the
stretch i saghpfithe peptidescihe bundle mayihercompoased of, 2 orimpreprafesably 5, malgcules o

0- _ ] i . o1 ( ' | I ' f Lh
vont i des, °5 el of BEGRRE cebs® Tl finklh AMRIMETAT B 8 Beotidl of i
toget ber avéntiordiort ) @ofi@idnly usedlinkes - e.g. pol[))'_mers supth@-ﬁél)%’g&?iiBﬁdlyﬁﬁid%s,
y

stretch of D- or L-amino acid residues may be carried out
r epl acenepelypeptides, pelyaminoagids (@ gapolylysing) cawyingractive ssqupshsuch asnQHadH of

t he opposj eF | omer or by placing in the continuous stretch an
‘[err]-hel F&ﬁgﬁiblggé’raﬁgwéty such as- =~ proline, glycine, "an"

[err]-nethyl - [ ¢4 reilloaTifirthe? dntbodiment] @it {rivendiord Pravidesca ton-hemolytic cytolytic
mixture of hydrophilic diastereomers of thé invention obtained by adding a mixture

.25 composed of 1 eq each of the de;ired-hydrophobic,- positively gha_rged and D-amino acid at
each coupling step of the solid phase method for peptide synthesis. In this way, a mixture
of 3'2 different peptid_eS were oBtaine_d with a mixture _of_ lysine, leucine and D-leucine, and
the hydrophilic mixture was obtained therefrom after HF cleavage, extraction with water
and lyophilization. _ _ _

30 In a further embddiment, the invention provides non-hemolytic cytolytic random
copolymers consisting of different ratios of a hydrophobic,- a pdsitively charged and a D-
. amino acid, e.g. 1:1:1,2:1:1and3:1: 1 (Mol) copolymers of Lys : Leu : D-Leu.
8




The peptides of the invention have a net positive charge greater than +1.

The net positive charge nmay be due to the native am no acid
conpoSi ti on ofyplgmidgiyention, to 15 neutralization of free COCHpgiAL®R0006s
for- exanple by am dation, or nmay be due to addition of positively

charged am no acids or chemical groups. It was found that the selective
cytolytic activity peeferably,ithesoi-hemolyticorytolytic ipeptidmini acrordeace avitlpthsi inveation
charge, for exanpl e, by attaching at any position in.th | ecul e..a.
positively chahgpeeithexi rh&Yla structure, grihas, an, afisdix; Stercre 8&%‘?‘@@8 mﬂ.s&ﬁs}:m to

exanpl e, a polyam pe qr , ) ; ' ' ;
group, Gte.. & 30 By 84 Ficbrdfe. The #epiMk of e Syl ik ddCsHBt Rontain an
carboxyl termi Fﬁinterﬁxﬂ%é@gﬁétéﬁd_f%iﬁ& 4 Dupriall Lamindacidaesidhenofs lgrpth papable of
-NH-CH err]-NH err], desi gnated hereinafter "TA ". The |
pepti des of st héorming partof attraasmembrang poree §uch a dengdy istypisally slout 2042 amino acids,
nat ur al tides o U daxi ] ki1 . | i .

meani ng that  t oW pcssra s Pt Bobderiipt dRridd b meKeuBERAY BB Kt ic., 10-11

hydr ophobi ¢ ol GGéidls, Wiére eSstidich Rn @RPRemirfus VI the peptides, sindd inGich @ case two
mai nl y conpose o? hydriophilic am no acid residues. The anphipathic nature

of . pept i geptidésimiy join theintemminusitogetbepand¥panitke ¢calliemembraneay be

verified according t t hods kno in the art..An ampl e ,of such a
method | s the. use ofThe GHFUPPER of acielhuttRu A Lrsimitbgeic FsiihBl Brel B cobEd oftbv
the amno g 'dW&r&eWr'xﬁéﬁw&ﬁﬁﬁﬂwméﬁr&&?b* tsCamRicRId 30 the Spposite
circle so that €ach amno acid in the sequence is angul arly displaced by

100 fromits enantioraémtbbyi placingiim cheicontinuous dtreteh( & e-kelixn rgmpojegy such as -

gl rele). If Vn\%sé?ﬂ%g(r;i ?xlle.!,larcxaqm g'l-or-amino acid or a non-ai-amino acid.

PCT/ 1 L97/ 00066 r@&b%ﬁi&%?% ifeftid haVta AbidSosiive! dharpt @8l fdn +1. The net
cl'ds*co I

hydr ophobi ¢ ami no a ncentrate on the opposite side of the whee
then the pepti dsositive éiarge nmydee dde aonths pative amino acid compositibneofothet inyrentiai, to

i ut o1 perd ocasallpaiannr S5t B Baph ortals Y SEeRu e by e pdiion
nat ural pepti derEuugiien | ;
positively 5 cﬁg&sﬂve %&@Wﬁﬁ?ﬁm, o Elieriichl ﬁ’&‘;g%.pﬁt\biscfouﬁbetﬁahﬁiéesélecﬁve

net positive chargée greater an +1 and a su e hydrophobic to
posi tively charggélytici aetivitgi cnratt times be renhiwadedt bye increasingethel netnpositéyet ichiarge s for

cytolytic to pathogenic cells but not henolytjc. These peptides can be . .
screened very ecexample,aby attachipg abany, posior AR |‘%‘?1"191‘%’i9 ﬂg?‘ls%e&n?l?‘%&i‘féﬁ‘%? acid
and henol ytic e . ' ef [ fQr gﬁ,gﬁ'

conposed of Ieu%'}dé%}%ﬁéﬁFgéslﬁ%&&% gp(g'{r? ) gglb?%%?@ g’teaeﬁﬁfgu - E% lrx%ta?xoalﬁ%ly e6 @Foup
64% 36% fogo a 6k aniy dkyRMiING gloupertq may be attached et iofle ©f itscteminifigly) typicAlliyaat its
a diastereonmer of 12 amino acid residues . . Wtr]out W shi n&ﬁr&lﬁ%
bound by t heor y¢arbexyldemainal /& greferas, gich @renp isribe amipesthylamino group N -NH,,
may be the resuh&iwmff. a nunber of peptides on the surface of

t he

* The peptides of the invention that are derived from non-selective cytolytic natural

peptides, e.g. pardaxin and melittin, are amphipathic, meaning that they have one surface

25  which is mainly composed of hydrophobic amino acid residues and an opposite surface
‘which is mainly composed of hydrophilic amino acid residues. The amphipathic nature of
peptides which fall under the scope of the invention may be verified according to methods
known in the art. An example of such a method is the use of a Shiffer and Edmondson
wheel projection wherein the amino acid residues are written, according to their sequence

30 . im a circle so that each amino acid in the sequence is angularly displaced by 100° from its

neighboring amino acid residues (3.6 amino acids per circle). If most hydrophilic amino



menbr ane and toget her such peptides cause |esion of the cell nenbrane.

Accordingly, as 15 described above, it is contenplated in accordance with
the invegtl oto use a plurality of peptides of t&q. | on
conpl exe&%g;rklghg;dl ed) together, e.g., by the use.of a |inker /ﬁ,ﬂ-)’,&ﬂ%l ecul e
coval ently bound to each of the peptides. The .i ndi vi dual . :

tide of .{he invention typhcakk LSS Al Al Sjxe
o1 of or bl FideCTPosTRTY oh e e B e SO Bl byBhortopls ko s AEenss op o,
each ‘i ndige @gﬁbsié%idwtrzhé dbeemyter ﬂﬁip@pﬁdﬁlmbyl%ecex}dim-ﬁknﬁlﬁipme 5 anino
aci d residues. . - By a preferred enbodi nent, the non-henol lyt'l c
cytol yti c pept The peptideshefi theotpvertinns that are pepdedeed: framy nen-sejedsivencytolytind
L- ani i d i dues, i.e. a diastereoner, having, lective,.
Cytol yti el PEpYen e gaith SEREEE S EREhers dBoRSed ot poiroPoSiumptiulyy | n
{hat 11 chargec ¥ DAFninD AL 0are ioP kiiphipattic. MRy IBVDAIRAPOIARL Lndie Freits "

| ower "concentration to that _ Ich it 1 nduces he Si s,

- cyt ol ysi sthah “leshdh soilable hiydrophobic to positivelyT¢largadeaminp acid, eatioi suchethstothe
provi des a pharnaceytj cal .conposifion.conprising a ., . non- heppl yti
Byt ol yt | crepupPedEPite 1y a HIE IR Peshosraic FRlfs ok mGEhcimolitic. These peptides can be
phar maceu, :,'.l.-?&!e X : Brdisy id Sle- inveri ASihE g teki ' he
treat mentg o) hX/e?fgl S asggrd(g?é di sgrlger sm%?l?;egh%ﬁ?%ﬁar&gﬁ'?r ?)%{tﬁﬁ%lggwg
or gani snetestsaleseribedteneinohi erievembodiment, fer a peptislgatomposéhof lenciag and dysine,
fungi, mnycopl asmg, and parasitic protgzgan e.d . . Lei sh I a,that,
causeld | AT ARRRPESEL e LYF FEH0 e RATe © 36%: Ot igsterpomer, of ,ping Aud
ebodi MeNfesidud® Ao 23RYGHY iakBRIBARE bf PP oA RidHsIdERE " 0PI &l
particul arTy arntibactert'al

10 VWV ifhouB 14isRing to be bound by theory, it is believed however that the cyfolytic

PCT/ 1 L97/ 00066 conpositions. |In additiop, the conpositions of e

i nvent i onadtivatyymeay be thgde °¢’r§$§'§ﬁé‘ﬁ{"° a numper;o 'PRP“%S?% %M%Oéﬂ‘@

treat ment _qof cers ach peptidisSQubd Ry sﬁﬂﬁn &’t’iﬁ@l i S

a net hod gﬂghb?%%t 5rr{\=§lntt°g‘cﬂi%lrert}')sF"}cg i "rfé’“ s ad%\'ﬂr\c.'?l?#edri%( ﬁéglhglaela{ efrgt‘hc)b/t I C 9,88

non- cys$ ol gésceibpd pbovdeittis contemplatert iniaccordantie Wikiethesbventionfalsoite uSe a pluralityi on

as - well  as_the,  aboye conposition are | i e in both hunan an .

vet er i nar 9f peptideg,0fthg pyention complexed ?ﬂgﬂw‘ﬁ@% eSS Hy g%:ﬂ?‘o&r& linker, |,

the i nvenHo?&ukéc&)aFe@ﬂ"%uﬂé&) &ch DRtk giplides. henol ytic cytolytic peptide
on o

i n the preparatl phar maceut 1 cal” Conposition for the treat nent
of a di sease oTha wdivddubdrpeptidéwfethe cinventiomntylipicaliy comsistsl of iah least tsixg dndr 10
anti bacterial conpositions. In a fyrther enbodi nent,

sel ect i vePpdgrablysn oF mare a?‘mPe?ﬂ"il Eﬁ?_idd‘&?r IB_@ %8 the'mve&pgqx,‘rﬁag}e ffineiQ“?lor
| ensed o ply PG HalE R1EHn of aiove s hinl apitntiladdl, 100110 0T Food
i ndustry, and @y a preferpridmisodiment, theqnonfhenwilyticieytolytia peptideds d heterogeneous
e f:ghﬁg&ﬁ&f compring both - nd T-adfio Sela rekidues Le. B Hastetetiner, fiving 4 ' °
selective cytolytic activity on pathogenic cells, the selectivity being manifested in that the
peptide induces cytolysis of the pathogenic cell at a much lower concentration fo that in
25  which it induces hemolysis, i.e., cytolysis of red blood cells.
The present invention also provides a pharmaceutical composition comprising a
" non-hemolytic cytolytic peptide of the invention as the active agent, and a
~ pharmaceutically acceptable carrier. The compositions are for use in the treatment of
- diseases or disorders caused by different pathogenic organisms such as Gram-positive and
30 Gram-negative bacteria, virus, fungi, mycoplasma, and parasitic protozoans, e.g
Leishmania that causes leishmaniasis and Plasmodium that causes malaria. In a preferred
embodiment, the anti-pathogenic composition is an antimicrobial, particularly antibacterial
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows circular

di chroi sm (CD) spectra of am noet hyl am nopar daxi n (TApar) -derived
peptides. Speayodrsme taken at peptide concentrations of 0.8-2. @CT/IL97/00066
10-[err] 20 Min 40% 2, 2, 2-trifluoroethanol (TFE)/water. Synbols: TApar
[err]; [D]P[Lerr]-TApar (.....); [DL[err]L[err]-TApar (-) and
[err]-TApar (-). se iBbA. lo&k: ONSE afelhis iehe o1
henol ytic acti %/?T@o%ﬁ!onfsﬁ\pl%rm}d Erbiﬁ’vtg(% c@ﬁfﬁ&%@gﬁ%ﬁ&é ?ﬁ)’&/arlds hunéﬁﬁr%g' Malignant
cells (hRBC). @il dndah belusedin the treatsment ofearlces at | ow concentration.
Synbol s: Filled squares, nelif{tin; filled friangles, filled circles,

2 TApar ; »
25 [D|[err]-TApar: Alsgppovifed bysthe) presentrinyention, H‘btay“% &f treatment comprising

[[err]-TApar; . . G , L o L o
show t he maxi n&ﬁ““H’.‘%@%ﬁ% hagl%hﬁﬁem&i %’é u?ﬁgh&%%‘%eetr?ﬁ ﬁbﬁcﬁ %g%ldgﬁ%’g %tﬁ‘)d of the
i nduced by § heinheation dewelless thepdbode sompbsitipr jairé dpplicablecinabisth thuintan & Oélefinary
K+ free buffer containing small unilanellar vesicles (SWV)

conposed of ﬂp@gﬂ% phosphati dyl chol i ne/ phosphati dyl serine (PG PS) (Fig.
3A) or PC (Fig. 3B : Fzﬁi)rqylxded inegégokﬁg?{c@tvsiﬁl Bhi ri]n\;erﬁ’l?io}cllig Oa@%s gaef?éﬁg%g said non-

di S-[err] and valin uor escence recovery.

PCT/ | L97/ 00066 hemolytic\é¥to a?érﬂdel@ﬁ@pmﬁiraﬂ' oneof b haRfiddeuticl dhfosifior for th
with the vesicles. ygyrrbollsjs:6 ifled triangles, TApar; filled ciﬁ’rcles, r e

[err]-TApar; d&cpuyentiofca aliseaseorja Wsgrder in humamnrya nigndwwean poimdl, imAasicular
Fi gs. 4A-C show gl ectron m cr.oqraphs of negatively stained E. coli cell
untreat ed .lg Fﬁé‘%ﬁ?@ﬁéﬁgéﬁ with [err]-TApar at concentrations |ower
than the m ni mal In d RidtHer teiBodERARE He selécive( ¢ 8Bthed invahtidh Can be used as -
concentrations (4Q); - Fig. 5 shows CD spectra of nelittin and

mel i ttin-deri vesinfectantsr fonithe destpjstion rof microorgapisms; tkcin solutioptforiavetting contact
concentrations,of 0.8-2 0 x J0-[err] Min.40% TEE.water. Synbols:,.

ol L [ or r 1SuSER Ay PR 45 preervatives, Yo example e fosmeit A3 foodindustry, and as
(----- ). icidesl . fingl€iaks; (acfstes, SARPRAIGH] b TorChrebdiatisi Bl ¥iii
activity of thgt"?r%ﬁlﬁsfi%- _ derived di astereoners tovx%rds hRaBC. Sf/n%%ﬁggml
filled ci rdlSes,pmduets‘.Bign_ﬁ'ui;arpn@'l&gi!ms.es, [err]-

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows circular dichroism (CD) spectra of aminoethylaminopardaxin
(T Apar)-derived peptides. Spectra were taken at peptide concentrations of 0.8-2.0 x 10-5
20 M in 40% 2.2,2-trifluoroethanol (TFE)/water. Symbols: TApar (—); [D]P’~TApar
(-.rr); [DIL'*L~TApar (——) and [D]P'L"*L'*~TApar (—-); -
- Fig. 2 depicts doée-response curves of the hemolytic activity of TApar-derived
peptides towards human red blood cells (hRBC). The inset shows the assay results at low
concentration. Symbols:. Filled squares, melittin; filled triangles, TApar; filled circles,
25 [DJP7-TApar; empty circles, [DJL18 L19-TApar; empty squares, [DJP7L18 L19-TApar;
empty triangles, dermaseptin.

Figs. 3A-B show the maximal dissipation of the diffusion potential in vesicles
induced by the TApar-derived peptides. The peptides were added to isotonic K+ free
buffer contaiqing | sxpall _ unil_amellar vesic;les (SUV) composed of egg

30 phOSphatidyiéhoiindphbsphétidylserine (PC/PS) (Fig. 3A) or PC '(Fig. 3B), pre-

equilibrated with the fluorescent dye diS-C2-5 and valinomycin. Fluorescence recovery

11



-melittin-COOH, filledtriangles, [err]-nelittin. Figs. 7A-C
shows el ectron m crographs of negatively stained E. coli untreated 15
(Flg 7 0 ated with [err]-nelittin at concentrations t he

A%vo#élﬁfér at the M C concentrations (7C). PEMg’ &g
shoms maxi mal di ssipation.of the diffusion potential in vesicles

added t o Was measured)1 620 oo B} e ghls %%aﬁéf? te@e@%"ése%} DBl Piletan
val i no Ei’céa%@lﬁf,ﬁzﬁgg%en%lgﬁ#é%%l%a@f‘wﬂ%rl R R
pepti des Mﬁ‘&lsghﬁ @Ai;ntmglyep‘? Synbol S: f| 'l ed circles,

melittin; gles, [err rr’ellttln Fi gs. 9A-B show

i ncrease in' t hPigsl 4A-€showoelectfon| mrcrc}grapﬂsl oft negatively steifedSE bl Qelll untreated
concentration) upon titration Wiifs ,PC/ PS vesicles (filled triangles) or PC
25 vesi c(Fig4pdmstiyeated avitn E2P Lol nTépay ah cppeeniatiensclonten then the nogimalm

SRSEITE MM S e e

i sot herm der i vgep.f5 siows QD $bciby of hﬁﬁihim&d(hmﬂﬁﬁ-déﬁmadlaﬁﬁ%bﬁers Specti@f
bound peptide per 60% of |ipid) versus Cf (equi;libriumconcentration of

free peptiwer faken at pepndermnsmmnm):f 0820 :ew-S M in 40% TFE/water. Symbols:
12 WO 97/ 31019

PCT/ | L97/ Welififh, (——); [D}-V>:8,H7k21 -poelitti, sfrow quencﬁ; f0]-55-8 1 K21 -melittin-
envi ronnent al | y sensjtive tryptophan by brom nat ed phosphol i pi ds.
Mellti(?n @ﬂ(bl—l, IC)A)"‘}and [err]-melittin.(10B) were . . added to buffer

t PC/ 0) t 6
ConLa 119 O Ryt G RoB gl i
After 2 mienveﬁ dlastmuinatS| mwarmCs&rmlmls pﬁtﬁdrmmlesf mehmnt exppt;ocpmﬂes, \EB};-

recorded usin spectrofluoronet
V5,8,117,K21-melittin-COOH ; ﬁlled triangles, [D]-V>.8 117 K2 melittin.

Figs. 7A-C shows electron mlcrographs of negqt_wely stained E. coli untreated

15 (Fig. 7A) or treated with [D]-V3:8 117 K21.melittin at concentrations lower than the MIC
(7B) or at the MIC concentrations (7C).. '
Figs. 8A-B shows maximal dissipation of the - diffusion potentxal in vesicles

induced by melittin and a melittin-derived diastereomer. The peptides were added to

isotonic K* free buffer containing SUV composed of PC (8A) or PC/PS (8B), pre-

20 equilibrated with the fluorescent dye diS-C-5 and ya_lipomycin. Fluorescence recovery

was measured 10-20 min after the peptides were mixed with the vesicles. Symbols: filled
circles, melittin; filled triangles, {D]-V3.8,117 X21-melittin.

Figs. 9A-B show increase in the fluorescence of [D]-V5.8,117, K2!1-melittin

(0.5uM total concentration) upon titrationl'wi'th PC/PS vesicles (filled triangles) or PC

25  vesicles (empty triangles), with excitation wavelength set at 280 nm and emission at 340
nm. The experiment was performed at'25°C in 50 mM Na3S0y4, 25 mM HEPES-S04-2
" pH 6.8 (Fig. 9A)‘; and binding isotherm derived from Fig, 9A by plotting Xp* (molar ratio
of bound peptide per 60% of hpxd) versus Cg (ethbnum concentration of free pepnde in
the solutlon) (Flg 9B).
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Wi th excitation set at 280 nm For conparison PC/PS (1:1 ww SU/ with no

Br- PC were used [err]. Fig. 11 shows the effect of the
hydr ophobi ci t yy@bisfege Leu/ Lys di ast ereoners on RP- HPLC r et ert T/ 700056 .
10 - Fig. 12 shows dose-response curves of the henolytic activity of
t he Leu/Lys di astereonmers towards hRBC. The inset shows the assay

results at | ow concegtratiQng. .. | S . @are 13tin.
filled squares, [er r?fgsf illoﬁé' Etlmr‘%l%lg§m£ of Thgrr ; O%g’frégt@gvt %IngggJFe{Sr?pt@phan by
[err]; filled tgian 6L e : V58957 r3A B '
maxi mel  di ssi patt g%?@ﬁé%f’%‘?‘&%‘i %JI%%'E LFr%F‘u g‘fA). and [DEVESIPK %é}tﬁnggiég%) were
by the Leu/Lys gidditebaeieF contaibitgy PEMFS (e wia) SUAL AR SOVicontanddc2396 dffedtier 6,7
buf fer containing SUV conposed of PC (Fig. 13A) or PE/ PG (13B),
pre-equilibrateBr®Wa L - — - —t by o YD BreRO (- dye),dbrIIC2 Br-PQI(-val i nony.CAfter 2 min
Fl uor escence recovery was neasured- 3-10 m.n after the peptides were
mxed with the incybations an epissinnsspeetnm of thedryptaphanrwas recordesd psing spectrpflpagpmeter
circles, [err];.  Fh&ll el ' B o € ; . Fay .

Figs. 14A-H shovvﬁ‘gleé‘gﬁg?%gnd%ﬁ?gér%%r%‘%hgb %?°“n‘%*g§t°."vé?§§§?éﬁ’k’8§ @é’%‘ﬁﬁ‘; Br-PC were
unt r eat ed gﬁxreat)gd with the various Leu/Lys diastereoners at 80% of
their MC Fig. : control; Fig. ‘14B, E. coli treated wth[err];

Fig. 14C, E coli tr Fag.ctl shdvs thizteffdce of the kydropHeivityof trl LewlLgs dizdteredrhers on
[err]; Fig. 1l4E__E. coli, treated with [err]; Fig. 14F, control; Fig.
14G E. coli trBEEBLGrefentiontime; o 11~ Fi g 14H E. coli treated with

[err]. 10 ~ Fig. 12 shows dose-response curves of the helnblytic activity of the LewLys

diastereomers towards hRBC. The inset shows the assay results at low concentrations.

~ Symbols:  empty squares, melittin; filled squares, {D}-L3:4.8,10.K3 Lg; filled circles,

[D}-L3:4.8,10.K4Lg; empty triangles, [D]-L3,4,8s10-K5L7; filled triangles, [DJ-
L3.4.8,10.K~Ls.

15 Fxgs 13A-B show maximal dissipatioﬁ of the diffusion potential in vesicles,

" induced by the LewLys diastereomers . The peptides were added to isotonic K+ free
buffer containing SUV composed of PC (Fig. 13A) or PE/PG (13B), pre-:cjuilibrated with

the fluorescent dye diS-C2-5 and valinomycin. Fluorescence recovery was measured 3-10
min after the peptides were mixed thh the vesicles. Symbols: filled squares, [D]-

20 L34810K; Lo; filled circles, [D}-L3:4,8,10.K4Lg; filled triangles, [D]-L3:4.8,10-K sL7;
crossed circles, [D}-L3:4,8,10.K7Ls,

Figs. 14A-H show electron micrographs of negatively stained E. coli untreated
- and treated with the various Lew/Lys diastereomers at 80% of their MIC. Fig. 14A,

control; Fig. 14B, E. coli treated with[D]-L3:4.8,10.K 3 Lo; Fig. 14C, E. coli treated with
25 [D}-L34.8,10.K4Lg ; Fig. 14D, E. coli treated with [D}-L3:4.8,10.KsL; Fig. 14E, E.
coli treated with [D];L3s4a.8:1°-K7L5; Fig. 14F, control; Fig. 14G, E. coli treated with

| [D]-L3,4;8,10-1<4L3; Fig. 14H, E. coli treated with [D]-L3,4,8,10.K 51 5.
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PCT/ 1 L97/ 00066 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

I
was sur.pw'os;,rly@bbf ound in accordance with the present invegg,i,"!_ﬁ:w}olﬁeé6

het er ogeneous ased peptides possess selective cytolytic
mani f ested by a sel ective destruction of pathogenic cells, e.g.,

bacteri a, | ' f 5 pat hogenic cells, i.e., red

bl ood cel Pﬁ%@ﬁW§@ﬁwJ&@%§?ﬁ view of the ~ preval ent
belief in the Rrtwishahrpridmetytfoundi  atbidahde OkitkYire! ?&ésﬁn@%ﬁf&&ﬁ% it

cells, whether athogenic cells such as bacteria or nornal nanmalian
cell's, arheterogenasusal-basesl peptides ponsess| sélentiveecytalytis naciivitycinahifested tby the |
a-helix configuratjon. Wthout W.shi to pe . ound by thegry, these
£ ndi ngs Sietine Geiridion vhatvesic S0 51 Biarrin, wHBNNIR OF ackiferd oni nagoced
cyt ol %Si Spg iqf Olpjisi ' er At | i n
di ffe?sentpdctg?éégs cfn%b'ili lg’dééggﬁrgggcé\gmon{qﬁﬁeﬁgg@grﬁ nrwat re o é}lgﬂ %e frbe of

t he tar geprevalent beliefiin the att thatifhtei cygolytie activity of dyabliytic peptites G el whether
peptide, for exanple by replacing some anjno acid resjdues in_ a .
hormgeneo??st{‘?ﬁ?ﬂ!q &Eﬁ%fqu’\egoﬁﬁé??at Qré}?éﬂgl dhgmmaliqn jcglls, oarisep| omoactinglen a
cytol yti ; bk & i ' lsid inC ARV} .gl.ytic
mechani sﬁ]mv%erlré&%g{le%ﬁiﬁrﬁgﬁb \‘/:iea&]dr:l*gtg 't.“%rlﬁpot lie)%l.c%{ﬁ; 0 yolh_bvﬁec ug)rﬂl gﬁ(b?e

obt ai ni ngbaundybythedry, thest fuidings exfithe présent imehriom appear toahbRoMAt peptidedet
cells. . Her.ei n, 9{ uPct i 0 alggo?nd structural studies with D-amno
aci d 10hcoingused eydolysis sy rsult o sevef(ag cxtolicmsehanisms; opasatingdn differentieatistin n,
two known | . a - Loheenrcarried.in order to
under st an(ciiéi);é %&ir?ﬁl‘?eni@# g%&@%??%&h@?@?%& t%eewgegggé’ctﬁﬁh &Sandt e
dat a r evealheliRatnichre o apdptide, for xARPROBE replatinly Brhe aiiAd RcidnRbidues fiehi cal
structure, . whi ch caused abrogation of their cytotoxic effects on
manmmal i anherapgeneony, peptide by (the opposits erantiomskeitsisypossiblectp gbtainyla cytolytic

& am pos  PeAde el i Yrioljicelly WV RRoRALRY IR being iparsfg i or
par dais n amutheretytolyticnmeehardsn vthus cobusiningpar éyrolytit Opeptide OspRiifiel for a&redinSt

mammal ian 25 = c¢ells, but not to be a prerequisite for antibacteri al
acti vi ty.Pmm%%lrﬁat her study, a single D-am-no acid

i ncor porated i . ‘?ﬂﬂ‘ E{E’Jt%ﬂc i jal.penti ¢ i nin

abol i shed al mgeﬁ?%,{lgv y .|aps anti Bg%lisgﬁ‘a : g‘@"[ijl M%@]gﬁmﬁ&}é]ami% _
The resul (diasterésmers) of paduxin amnd! nvdlitdin, Dol Rifdvin aivl-deHl| deldctive @yfblyhs BT S
suggest that hydrophobicity and a. net - positive charge confer selective

ant i bact ebgea caged 1 pxder ¢o Hadrrsiand thej malegylap mechanisre pnderdying gell selgctivity:

anphi pat h -hel i.cal BUCE] I Sq: if.ed ver. the.diastereoners
o s ) o S o Y 0 NS B
(14-17 aawhithgdauséd ebrogation of their cytotoxic effects on mammalian cells. However, the 14

t

diastereomers retained a high antibacterial activity, which was expressed by complete lysis
of both Gram-positive and Gram-negative bacteria. Thus, the a-helical structure of
pardaxin and meliittin was shown to be important for cytotoxicity--againsf mammalian
25  cells, but not to be a prerequisite for antibacterial activity. HoWwer, in another study, a
- single D-amino acid incorporated into the non-hemolytic antibacterial peptide magainin
abolished almeost totally its antibacterial activity (Chen ei al., 1988); The results herein
“obtained with pardaxin and melittin diastéreomers suggest that hydrophobicity and a net
positive charge confer selective antibacterial activity to non-selective cytolytic peptides
30  and that amphipathic o-helical structure is not required. However, the diastereomers of
pardaxin and melittin contained long stretches of L-amino acids (14-17 aa long) which

14




WD 97/ 31019

PCT/ I'L97/ 00066 rai ses the possibility that the | ow residual helicity
coul d be suff iwdemnsioi®r nmenbrane bi ndi ng and dest abi | i zat i oRCT/IL97/00066
To -exam ne whet her nodul ati ng hydrophobicity and the net positive charge of
| i near cytotoxic peptides is sufficient to confer selective antibacteri al

activity, we chfgs the Possibilitysthagalie i6lvaetidusoWelicityoodldobé sUERtEntPRR! he@Srane
(12 aa. long), conposed of varying rati os of leucine and |ysine and

one third of thmdmgsmﬁfé%‘&@ lé'@ﬁﬁbsed of Dam no aci ds. Peptide | ength

and the position of am n at ides with v

short consecutive st roefm eo“F' %ﬁg\'\ﬁmgﬂz Gﬁg’}}Oﬂ ttyc%fﬁﬂhf Peh; Rositive charge of
a-helical strughedr@ytotoxicPepdesis shffieidm o cdifer Qéle&mrﬁﬁm@nme&cﬁvﬁg,%%m& to
with regard to (1) their cytotoxicity 10 aeigalnst bacteria and ma

eryt-hrocytes, (estigase rdza_atsrg@mgrseof shogt (IB)d lpeptidesb(12 ey long),ntompused of varying

e o Ll B AEN W e B el i
charge is suff PE#@JH 1ehBtE AR e posmon%ﬁDJaﬁfﬁﬁ@ bk v?&& st ﬁa?%r?é&eﬂldég 'With very

sel ectivity. Furthernore, the resulting antibacterial
syner gi.sti cal | gshart consechitivé stretchesonfnt -3 dt-amiso acids thatacannd ﬁ)rfman bialedlical Structure

drugs 15 such as tetrac¥ lI'PE and they are to allal id's nt to human
serum i nactlvat"fﬁﬁ‘hc ed. The,diastereomety yers: ed athregard; to(1) theirgytotoxicity

ong) wer e 101 cRERasf SRipria o @l iRrd Bioytes, () 3hER sEFUARET ki () B B 1S hrerac

cytol ytic. and perturb e niorphislogy ofiake Wtbﬁalnwautaﬂdymaelnplibdpﬂbh al membranes.
pepti des have an anti - pat ho enlc 20 act|V|ty, paves the way for t

preparation of ixgtdaashay thatmodylatinghydrpphobicityand g@sxggpcﬂmrge is mcxnen tocegnfer

pol ypepti des. gl &%%tgs SRR Rt PEGEAREL B8Rk fbacteral

conposed of bot -am no acl am no aci

agents have t hq:eptldes ﬁﬂdyhergi‘sﬁball}dmaiﬁrxahﬂla%oﬁwn&ﬁuﬂﬁ Qlth@hﬂilﬁélhnﬁ&ctenal drugs
degradati on, for exanple by proteases, t han honol ogous L-peptides, on
the one hard, &hehes tﬁmcy ing anthihey are dotlly resistangte|hyumEm serum inactivation which

degr adati on-resj st n 0 ti.des.. Resi st.anc

degr adat i on rra;firﬂga 5%’@"55%/ ﬁ\eaﬁ‘g%%é’ %3“6'1%‘? “aq giRral é&?ﬁh ﬁ"ﬁﬁ?’t shorter
body with possndi&s&zme@ a8 dndx8 Gaa long) Swéle prep@ed SandThegtedOfnd fo@d ¢6!be non-
ant i pat hogeni c pept I des may be used in a variety of t her apeutic

pr ocedur es. hemolytic cytolgtifce it is known that honol ogous D-peptides
posseS oS8Tty ol A BB P sl oAbl WnhdS B G R benie
clear that Jget extdity,gpaves hebBefor BRPbrefRaLIODSE Sﬁﬁ-phﬂﬁgéﬁ&rﬁgents, which comprise such
anti pat hogeni c properties as heterogeneous L-based peptides
15 - \\mogdeclical] polypeptides. ere. the non-helical peptides: are heterogeneous peptides
PCT/ 1197/ 00066 composed of both L-amino acids and D-amino acids, the anti-pathogenic agents have the
additional advantage of being more resistant to degradation, for exampie by proteases,
than homologous L-peptides, on the one hand, and on the other hand, are not completely
25  degradation-resistant as the full homologous D-peptides. Resistance to degradation may be
disadvantageous in view of slow clearance from the body with possible associated toxic
side effects. The non-a-helical antipathogenic pepndes may be used in a variety of
therapeutic procedures.
_ Since it is known that homologous D-peptides possess essentially identical
30  cytolytic activity to the corresponding homologous L-peptides (Bessalle et al., 1990) then
accordingly it is clear that heterogeneous D-based peptides possess the same
antipathogenic properties as heterogeneous L-based peptides.
15



The finding of the present invention, i.e., that certain non-a-helical

pepti des have a cytolytic activity against bacteria w thout a

cytol yti (f“ﬁrz: ¥idt Y against red blood cells, is a resulPE.rm? '&ﬁsg act
t hat bac?vrla cells differ fromred blood cells in the conposi “l;on of
their cell nmenbrane. Differences in the conposition of the cell

menbrane can akge ﬂgﬂﬁgﬁg? plgegﬂt%m]g @;@g{ﬁﬁh Mﬁ&g&@%ﬁ%ﬁhé&@ﬁh

as cancer cells, 'ng o

present i aytelyhlccmnvltyl agmnstrhmtmanwﬂacmt Iaedylmigmc ethtitydagaime 36 blood fiscisfd c
f cells e.

he"y o e e Bt 6 it stk commeingn s
ytol yt Sgﬁag}emgé#gﬁg;a%cwﬁ; ﬁieac%ﬁapg,fsmon of Aeﬁ HithBle LG q'?ﬁo ¥e ?{’Smor

bacteria a parasite ungus ce protozoa ce

cancers cehéng wivhhedyidftplaemgemu @elds; such dsycanger dtﬂts mmomhhmlenmum @aml ompody
cel | s. non-henol ytic cytol ytic peptldes of the invention
having a thelfinding ef égctlarpm dnvention, £hat Gertain Bopae tc#anmgemp@sw 4 specifid | e
havi ng a c a nst _nor

non- pgt hoﬁ% B’é’c V\‘I’%f‘g X‘Eséﬁ‘s G g’? acgetlf\?hr%)ét ‘;’/a%?m?gc =S, PAYFS: @pﬁﬁycg?'i ons
with.no Oﬂe\‘dléﬁﬁéhttdf)élﬁn&tydﬁ ®RbgLhdving d Belective cyt@?ﬁ‘c SELRHEY 4pairREBhé ERASs b

accordance with the invention are non-a-helical het ergﬁ]eneous pepti des

derived f eellswithingbe bodissyshyasibgeteriorells, sellsofiasparasite, Singus © aeprotozoa cells,

o ovi M. P eender s Bt Tufe o deie Skt oneiodthit o Bal SR ot e

conpri si ng bot ThnoAténol d}ét:c cytolyfic Peptiddscof the ixﬁ#éﬁﬁoﬁ'ﬁé(hﬂ? aaseie%ﬁvs %%mtch

that a honogeneous pepti conprising only 20 - or on D-ammo” aci d
r esi dues ' activityazgainsttpathogenic celisnovhilei hhmaemueh deweraiat no cytolync actmty

het er ogeneoys pe t|de ha an.a I|x ratlon angd has a
spect r um 838§t }‘PF'E , RON-pa SWFFQ 1&{55'{55@ P YATPLY P W’@Fmé% @mga%

het er ogenws‘hoqﬁm&lggo,g@gmggﬁ@ctgytol ytic - . activity on only some of the
cells on which sard hono eneous peptide is cytolytlcally active. For
exanplig, a cyt €ngt igoupc des inhaccordance gwithothe jnvention are nemviorhelicad
only 25 0 at hogeni cells e haV|n no c actl i,ty.on nornal
ontY. sucm%ea 4 el b, kb S iy BE b Syt ™
pept i des et &Rolyfit REVRD, The ﬁx‘éﬁé}xtWﬂb&{h&r thus providis' in/ed
from natural pep |des whi ch have an a-helical structure and posgess a

cyt ol yt i caccordancacwitlyiong emilodiment, a-hetérogeneoys: peptitiesconiprising botheD: iand Lave

a sequence essenti al, correspondi he entire or _.partial .sequence
of the naffHuf ag ;5?’1‘@-; i‘f i3 gﬁtha? th°5‘&qg8§°°é'Fé’ PR PYBPHTIRg &Fong

the Npgang, %rheﬂgmmﬁotdaﬁi EMidifey ! ﬂdamueg A sBRE il denﬁe&ﬁxence as safd

attained either by addition of a positively charged am no acid residue,
e. g., | ysheterogeneous peptide, has an a-helix configuration and has a broad spectrub® cytolync
WO 97/ 31019,

PCT/ | L97/ 8Bty manifested;on, 3, xarity of cfly; said heterogenpous paptids hayjing 2 ﬁme.:gl

and/ or of aﬁn‘figﬁbﬁ'dﬁ?} komBaRE AN 6R. which BidhoRBEAREL PLATLR GRAACA

as anmi noet m no, for exanple at the Cterm nus
by neut.r alactme: IFon egdmpleca cytalyiisxactiviy ofighe betgrogenpeons peptide isg nidnifested only

25  on pathogenic cells while having no cytolytic activity on normal cells such as red blood
cells.

Examples of cytolytic peptides in accordance with the invention are such which are

derived from natural peptides which have an o-helical structure and possess a cytolytic

- activity. The non-c-helical peptides of the invention have a sequence essentially

30. corresponding to the entire or paitial sequence of the natural peptide in which D-amino

_acids are incorporated along the N- and C-helices of the molecule and a net positive charge

is attained either by addition of a positively charged amino acid residue, e.g., lysine,
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bacterial cells, paves .




am de groups. Exanples of such natural peptides are nelittin and pardaxin,

and fragnents 5 thereof. For exanple, the non-a-helical

pepti de nmay bewg@r:,byﬁg frompardaxin which is a 33- ner pept poemsT/do0éEM
melittin, whichis a 26-ner- peptide, the non-a-helical peptide may be

a 33-ner or a 26-ner peptide conprising a sequence corresponding to the
entire SRR %sn?cﬁhd%k Ry@hplefat TRé N-tdrinusemaRs oV £ pbsitiQelyShar§ Sroup,
non- hel i cal pep ?law ng a sequence corres onding to a partial

sequence of par d.gx amxmalkydaminol groug such aseammonﬁw amino, wcamp?t glethe Crderminus of

het or agencous pBi MBNSEAIF, 5B AEHAUZANAEH O fhoe| FORO) BROMR) 5oﬁiﬁr"r°§(¥e%ing the to

partial sequenc | A=Al

little as 10 amgxr?o a%mgﬁr esi dues dgﬁ"&%‘h‘%?gﬁ‘gfdﬁg bet \%/gteurlll 10 adrn i ﬁa()gments
aci d-resi dues. {ereof. Anot her group of peptides |n accordance W|th t he

I nvention are non-helical - pepti V\gl ch have que ce having.no

natural honol ogs and EfF €Xa®Rise QEdl%‘r“g‘FhF Jeptide may B thagdaxiny which is a

| east _one posi ipyehy Jggﬁag%ﬁ B Aoudg agmqswswﬁacﬁapagg%ﬁgﬁsnﬂ belical b may

one ami no acid am no revi ous s n

nodel peptides lb‘éead 33amer uela?lali-mdrf'php&ﬂé Lookrprisinigu s Gdeljoencat cotpespéhdifg to the entire
anti bacterial peptides focused on three paraneters; helical structure,

hydr ophobi ci ty aeqnence of pardaxia or afimglittin, respectively, or may - ran-helical peptide having a

Each ch f th | d

changes 11 the dedser eresabRl T & vl proBedih O BERHSY of ToblE e af 823 mer

contribution of KaffinRRAEHRESIN i tdre @ﬁ/ermeirogdﬁebw peftideatierivdd fohd pardaxin, the
fe

According to the present invention, the ct of the helical

structure was elhemmqummdetm ereordanse yith therinyention mmecemnuﬁ afpagsial | ;sequence
two paraneters, name ICI and net 05| 10 gg ‘\é d
varying the rat |°8“8f ‘f%?prf M‘%&i dm = PREAEPISYET 20
short md%@ﬁ@bbﬁfé’én(l@%n&%ahﬂi&icx&?é%hﬁieﬁ' ng stretches of only 1-3
consecutive L-amno acids whi ch are too short to form an a-helical

structure, visre choseAndther ignoups of qeptides. in accordance withCthes invsntion carpynon-helical
reveal ed that these Leu/ L di astereo s are in d tqtally, 30 devoi f

a-hel i cal structH?PB b ave 2 ReAHrRC TG Bo pRBTG) o P g A 8 gppRed of 7 least
and par daxj, dréﬂ?ﬁbicnéﬁﬁr&'l%t ok pésitivly bRark@ardirdtPAdid ahd & Wﬁ:th@cauence at

Nevert hel ess, the Leu/ Lys - diastereoners exh| bit potent anti bacterial
activity si m | arlesss one anuinenacid residug is 1 Braminongid. ve
17 WO 97/ 310

PCT/ 1 L97/ 00066 Beevi o Stdies it mpdel peptidenysed Lo gluridatepe stracturesfunction study
antibiotic fﬁlﬁﬁéﬁ&ﬁﬂ% tides, foc\k@d B8R Yiike E%e%theﬁeél%ﬁhcﬁ?@%hkgfcg@ and

and [D] - L3 eptid 3 and respectively,
herei n) wer e devd:atkeo(Aﬂmrreﬂ alt, |199RcAgawa ot al., 199h1;aEadt chiange lim gh¢ pf these parameters
cytolytically- sussu(l:le tgxllelzaluglyhye ted tOC te?n the o&ho‘“ d bmakme I:]Ogt ?tdditchult to clarify the

unique contribution of each parameter to the overall antibacterial activity. According to

the present invention, the effect of the helical structure was eliminated which therefore

25 pemﬁhed the study of ohly twb parameters, namely, hydrophobicity and net positive

charge, by varying the ratiq of leucine and lysine. For this purpose, diastereomers of short

model peptides (1_2_ aa. lohg) containing stretches of only 1-3 consecutive L-amino acids
which are too 's”hort to form an a-helical structure, were chosen for investigation.

CD spectroscopy revealed that these LewLys diastereomers are indeed totally

30 devoid of a-helical structure (déta not shown), unlike the diastereomers of melittin and

pardaxin of the in#éntion which retain low a-helical structure. Nevertheless, the Lew/Lys

diastereomers exhibit potent antibacterial activity similar to or greater than that of native
' 17



5 [err] (peptides 22) is devoid of a-helical structure but has

consi der abl e henmol ytic activity which approaches that of the native
cytol yti S , pardaxin. This coul d indicate that pﬂq@%c

bet ween ﬁ’d)ro PIObI city and positive charge conpensates &?

anphi pat h| c a-helical structure. However, increasing the p05| tive charge
drastical y Vi I y was
preservedw&%&gﬁ&?ﬂg% trg%1|e§r§8ht#a ?ﬁégegn%h§\é§ h‘iﬁg %ELL |ca t?ﬁ%&lﬁ}ﬂe’él s
not requi Mskebwdr, ARk Bitat Gpdtant peptidedC[DYLBW,8,10-K41.g and [611234458,!30&3170“
of the Leu/Lys di astereomers with both negativel y-charged and

zwitteri o%éi,nggpgp laqd 2Aj rspeztivelynof Example Sardr¢inyiwete dovei of lensdlyié d@iviryt he
basis of their sel ective cytotoxicity against bacteria.

Negat i vel pgainstr the dighly rgtalpticallyesuscaptibleyiniman eryfigocytesyi It should beindted that
corrp05|t|onméf¥ §O| i (Shaw, 1974), and the zwitterionic PC vesicles to
m nic §he[BIddr*$d K—llt9 ﬁfephdmm)e r1§lldﬁYQ3€ﬁfé%'h€lV@ﬂ Riragtprechut has congidgiableThe

bi ol f h
and £ cohpmphs eisftyolich apppesied taio Rl padeE exibmc hspii %a?@x%ﬂ bt

nodel ethaf t he
only pep%@a\?‘?ﬁzg gni ﬁécant henol yt ?rc} H?hl Vi ttg%smgglgeggléﬁi@t §1}ggesﬁs 20
that the m‘dsmihhdmpin;iathmmheliaab rstakcturd)e Hwte&en aincreasing athe positiee achafgec i N

permeati o .0f, ant | pact e The ability of
ant i bact eBFaa#‘c%mﬂ rrémeﬁ '&Fﬁr%‘? elytic “acti t‘?’}H qg:?qq@?;gqgvgérwapgeserved

Eﬁg?;ic‘ elrlkllgi ﬁ&%ﬁbﬁﬁva‘gan W{érl a pep?ﬁlg‘{e{{s?ll ZI tregxture)élefdr t?nglnd

has been activitgttributed to the fact that the bact erial surface contains

I'i popol ysaccharides (LPS, in Gam 25 negative bacteria),
pol ysacchar i desThe: isteraetion af thes Lep/hy adeﬁﬁqsmwmﬁbaeﬂrenmt}mlamarged andheij r

i'nner ne °“§‘g§ﬁg§g§°ﬁ€\lﬁ Qﬁﬁéaﬂé@ 3 ar edtiﬁxp%er etuct ev\@ lisi of their

negati vel e Ror ey otil.c cel S su

erythr OCytsel%ctﬂiH’ eﬁomxlmyt agairesx bacterda.t Negatlvely-zhargécBPEmG vegitles Wepd upeditoPC
on their outer |eaflet antl bacterial peptide magainin is

a nonJﬁenﬂ“WF dhe,lipid; wmmﬂqneofr%mo{'t (ﬂ“ Ha 2nd, thezwitipraonic PCruesicles to de

\II_VI aPn ﬁosgc aré’%wé 6Pﬂérma|9:£” Wt?le.' £ g‘ll?u iﬁrr?%d ?ﬂ;@”@&#g%lg

PCT/ 1 L97/ Qeeﬁﬁy of the L&yﬁymmuesom grythxwg&es (Rig ) hﬁa \B; 2bli S(ﬂTaBlbt S)coriates

magai ni n was_ di srupt ed .~ introduction of three D-am no acids, the
resul ti ng V¥R la‘é’itér‘b?iﬁél"hﬂaﬂ’ PR!"“&ﬁ'tel padel gempranes. Theqnly peptiderydich permeated
1988 ks ! [

magal) ni n. %b&@aan op?lerra anggﬁ%ﬁg‘?ﬁa rtgg ylyg?)?lag{nrﬁ)g ’{'ﬁh@ %@Qﬁéé&&

a- hel i20al thatrthe phospholipid coymposition loif ciet bacteriedl membpaaripldysa roledih@ermeéativatby e
magai nin, ‘all ows, sel ectjve antibacterial .activity, and any change in

one of thdb® &“B ePﬁ%‘ aciemal peptides., The ability afantibactedal and agnshemolwtiq o
20t R A B ol Bt SR DI BRR,

t he Leu/ Lwesicles 1§i bha‘hebeﬁmﬁnaﬁve talntibacestiab lpepti‘des (Gazit et al., 1994), and has been

' attnbuted to the fact that the bactenal surface contains lxpopolysacchandes (LPS, in Gram-

23 negative bactena), and polysacchandes (texchoxc.acld_s, in Gram-posmve bacteria), and

" their inner membranes contain pheephatidyl | glycerol (PG), all of which are negatively

charged, while normal eukaryonc cells such as erythrocytes, predommantly express the

'zthtenomc phospholipid PC on thexr outer leaflet.
The antibacterial pepnde magainin is a non-hemoly'uc peptide, while melittin,
30 pardaxm, and a model peptxde w1th a sequence similar to that of [D}-L3.4.8 10—K4Ls, but

composed of entirely L-amino acids, are hemolync, mamly due to their high

18




10 The results according to the invention suggest a new strategy

for -the design of a repertoire of short, sinple, and easily

mani pul at eéd agig Ieéwri al peptides. Each of the di ast er eonePCT/IATH0066
Leu/ Lys peptides has a unique spectrumof activity (Table 5). The

exi stence of a repertoire of diastereoneric antibacterial peptides wll

enabl e one to ﬁp&gﬁﬁcbicity. t Whew She efiflietiaali stractpeeptafdenagainin rwapardisruptedhby the
target cell. Furthernore, sinultaneous 15 admnistrajion of mf‘l agq?l e forns,.
of di ast er eoneingroduptionicaf, theq iDrgming) Acidse e Jrsulting fliastcreomer %(?nﬂggct%ﬂal

Fange of PR FotE sk SREE S gt 5 Sl AR © L ppive

i ncreased anti &fih.2/Thus, an dptinel bilanes thas talreidyrexioni betweer thecahglical ssructure,
to Gramnegative bacteria. These results are inportant considering the
i ncr-easi ng s esihydmophebicity @ndmep positive ehawgetafmative M%HQQ)‘IOWSS%%W@G%@@%FGHN

aureus, enterococ¢ci, andpneugococci to ventional antihi otjic ssell ...,
et al., 1995). aF'i‘l‘"Qﬁo?'{a SW %ﬁ(@t‘)ﬂg %gﬁﬁ%l’é ] e@fcgéedrllga%ee%t‘g%e 10 magainn's
dermaseptin S, a[aﬁ?idterial activity© P Golrastingly, ehypdropRobiéity aippedraabeplafla dedjoy rdlé in
in the presence of pooled human serum _ _ . Diastereoneric
pepti des shoul dompensatimgefon| thadossnofigehelisak strirgtoneninameliftins tpardaxin 28d the LewLys
peptides: (1) The peptide hpul d.l ack the di verse pathol ogi cal and

phar nacol ogi Ca|dlastereom513ft§'5§%1q FBRRIG by a-helical |ytic cytolysins. For

exanmpl e, staphyl oco 2 4 0,4nl4RE . i t ek i .
mp nl%p y Gﬁx'élé{sﬁ{t%/ t]a?%g to'tH€ inventio %ﬁ% &t alii gtgz\l/tg@;fdr%e design of a

al anet hi ci cobra dire tor and pardax exert
hi st opat hol ogi Gepertdifec6f shemm, siatplguandcedsily miamiptiatqdoantitfactenint peptidesd Each of the
activation of the arachi donic aci d,cascade., However, B?r daxi n

di ast er eomers diastereomerie madek Lewd ysiRephifdesshasgyunigne spepmum, AT aghiyity (Table5). The

anphi pat hic a-h '!l&ﬂ! F%EE ! g8 ' ROk : oy el et
responses, and eg{’/en a m%@g@%&%@ﬁ | cceyg,hbl&rfc: ud hg&éns\te‘fvﬁftl n- %vealchoose
simlar activitfhe most efficaciy peptidel with régati. tolihathrget ceibr sFuthebmdres isimukaheous

a-helical structure are not expected to_ . . . .
19 150 oadministration of muitiple forms of diastereomers peptides, acting separately or in concert,

PCT/ 1 L97/ 00066 i.nd. kit i Q. . ' laShst a wi £
substitution mﬂf?ih?segg‘%lpéi}‘;r? conjter' e(’JQ-nd Q’?avé%%erﬁgg% tfg éantl lgea‘hc'lt(lgrrfaggeo
peptides by pr oinfsdtiohi imitieheses Alhshelieadad. diasteieontess alisplayed increasesd antibacterial
acquired by conplete D-am no acids, sybstitution de et al ., 1990 Tot al

resi stance of aaqtivityagsinst Comnositivg i gampamsqnsto pegativg bagteria. o These results are
t her apeutic use, Fur e, e LGl f Sdshflee .
cont a!oni ng D, L °r{5mac'{;§§i‘|{£§$§ tﬁehé‘r‘%“?%ﬁ&%fét)eorig as I}:%rrpare o such as

their whol | % L Siapkplebbdtas atréispenervcossd) @ preamococci (tBeohventionalaintibiotics (Russell
1993); (3) Total 1nhibition of bacterial growth induced, by the

di astereomers, etsaksi®Mat b addition; yplike the native aptikadterial Reptifie \dermasegtin S, [D]-

casi 'y devel op LRILKRIT (Peahlt 24) ndained s srtibaienaCaniRy Bobf eftsfen, OF pooled
mechani sm (4) hﬁ&ﬁk%&%ﬁ' de 24) has the ability _ _

' Diastereomeric peptides should have several advantages over known antibacterial

25 peptides: (1) The-peptides should lack the diverse pathological and pharmacological

- effects induced by a-helical lytic cytolysins. For example, staphylococcus &-toxin, the

antibacterial peptide alamethicin, cobra direct lytic factor and pardaxin exert several

histopathological effects on various cells due to pore formation and activation of the

arachidonic acid cascade. However, pardaxin diastereomers do not exert these activities.

30 In addition, many amphipathic a-helical peptides bind to caimodulin and elicit several cell

responses, and even all D-amino acid a-helices, including melittin have similar activity

(Fisher et al., 1994). Diastereomers with disrupted a-helical structure are not expected to
19 '



~_gtrarl

to perturb the cell wall of bacteria at concentrations |lower than their

M C, as seen hy el ectron mcroscopy (Fig. 14). The sinultaneous
admi ni styaid-Aeref clinically used anti biotics, which ivity
due to their :i'%abl lity to penetrate the bacterial cell F@‘ﬁ]" ?o‘tget her

with peptide 24, nay present a solution to this resistance mechani sm of

bacteria. pind to calmodiling artzpq,o'éhumﬁmﬁﬂd aélhaiuﬂsﬁﬁxtxﬁgs\%ﬁﬁ RIRhIR iR Cbrt 'il%

with pardaxin, nelittin and he nodel pept i astereoners I n
t hat nei t lobearance pcet‘cﬂllel ant:bec;anaicmptﬂdem(by hproteolytic enzyases; ammoppcf)sea%mnﬂiaomml ds

are re red for a tide to have ant|bacterial tivity. =
ovever tHﬁ%@E“‘?‘aE‘E‘ﬁ'P 3 a0 srmBletse Dripino acids sHostnwtiop (Madsstcals 1998w Tat!
manmal i an & ILECe f a OSSR Pﬂ&‘é%téenguGﬁt & Hfé%ﬂ vtk oll® Fdt Thdrafedtd® use.

hydrophob|C|ty an net” positive charge of 20 ear cytotoxic polypeptides
i s suf i ciFurthermorelethd e satigenixfitya of e pieort ofragmerits pedraining ' D,Lanhiibe.cadds ais

di ast ereongri C%q?l yﬁept%des for the &] eat t of infectious di seases.

The i nventdramatigally as fewpatedcte e’f’h rleﬁéé)ﬁ@l%‘b#@dnweml molecnles

ﬁ/a?\émr ngs (. uty o%?g?bony {fa)rSnTr?ct)alagE??Eﬁ') heny aceﬁ@g@ziﬂﬁ? ﬁ’ésﬁhﬁ

was - [distdrecmersf inmségipted ewlitiBitoay dystyref (Heobdtéridliwall, ds’Showidby electron
but yl oxycar bonyl (Boc).am no aci ds were obtai ned from Peni nsul a

Labor at or .@@rqseepmmg 143n)Thersfore, bactariaanight pateasily devrlop pasistange ta; drugs dlit s

(D EA 18, dFiBEST SOk & derriaivs phschapinin GADILA R KEER (Plakion 28 b e wbitisr
Fl uka), 1+ Mé B41Y QI Of bachatd G EoRTRRraldR" Wer Wtk HlelPMAX! LOIRIBY®,

(pepti de sy SIS grade,

WO 97/ 310%efectron microscopy (Fig. 14) The simultaneous administration of chmcally used
PCT/ 1 L97/ 00066 Bi ol ab) . hosphat.i.dyl chol i ne (PC) and

phosphat i @ﬂtxbmcwb:pls}mw mwtiy pithgir inability. to penetratei therbacterialpelgwall, )

wer e rc a el.d . U K

phosp E\ ;t i é%ﬁ?c‘gﬁp tﬁﬁ)%fh%g g)ﬁ&gnﬁéﬁqé@?%éi?orfgﬁmp%eex}ufggfnsﬁ%aqfnq rom
Escheryschi a collit catibeesymmatizaiotial therfesiilgnobtaifted heeircwith fatdedxin reliteh ands
suppl i ed g{ 5 Merck (Darmstadt, Gerpmany) and, recrystallized twice from

et hanol . 3he moglel; psptidn diastereomers; indicats. Jaati prithen @ specifis sequenee. olengthn o

from Ml e ﬁr‘{ng #ﬁ
fromSi grr&HJS or?’rréfr)gga yu%\?‘?iklefra%mc} f? EBM???H E\H&%ﬁ?a gfta?li‘%g's of
phosphol i [Howevz, thekd ﬁbtoesamﬁsmmndrelwlal fos bgtotﬁxxﬂl}ommg Mhdnalian cells.
Therefore,_ special care was taken to remove all the hos hol i pase A2 fraom
n‘e| i tt in U'B;qqg results indicate that only modulating the hydrophoblcxg' net positive charge of
20 - linear cytotoxic polypeptndes is sufficient in the design of a repertoire of potent
" antibacterial diastereomeric polypeptides for the treatment of infectious diseases.
The invention will now be described with reference to some non-limiting drawings

and examples.

25 .
EXPERIMENTAL PROCEDURES |
(i) Materials. Butyloxycarbonyl-(amino acid)-(phenylacetamido) methyl resin was
purchased from Applied Biosystems (Foster City, CA) and butyloxycarbonyl (Boc) .amino
acids were obtained from Peninsula Laboratories (Belmont, CA). Other reagents used for
30 . peptide synthesis included trifluoroacetic acid (TFA, Sigma), N,N-diisopropylethylamine
(DIEA, Aldrich, distilled over ninhydrin), dicyclohexylcarbodiimide (DCC, Fluka), 1-

hydroxybenzotriazole (HOBT, Piefce) and ‘dimethylformamide (peptide synthesis grade,
20




10 RP-HPLC. All other reagents were of analytical grade. Buffers were
prepared i n doubl e gl ass-distilled water. (ii) Peptide synthesis

and purifcati ogoepsibdes were synthesized by a solid phase PORIILEND00ES
but yl oxycar bonyl - (am no aci d) - (phenyl acet am do) nethyl resin (0.05 meq)
(Merrifield et al., 1982). The resin-bound peptides were cl eaved fromthe

resins by 15 hpisias)enEgg phosphatidyieholimen@C)f dndr phdsphatidylsesine QBS)?ﬁbfxﬁbbﬁde spinal

with dry ether. These crude epti de prepar atigns, contai ned on
£

peak, as reveal é@dbgﬁompﬂégfﬁdﬁ Wite pyuchased froppdgipid, Rrogucts i(gauth unvgegith-K)-

The synt hesi zed f 8

reverse phase B' h%gsi‘zﬂrﬁ@@é’%%?%?v (?Lﬁh%g?%gppore SI ze)(?ﬁphgr% V from
was el uted in AQsphdpichihi ﬁeklpwﬂfasﬂiﬁdhﬁsw cﬂﬁ&%@a&wﬁx@wla ldb
wat er, both 20 ngontfacl ni ngao 05% TFA (v/v), fl?)w ratg of _?1 ) - pple y

The puri fi edspeMeérclk s(Damm;dt, Germany) and hmstalbng twineofreme ethan1~95%-)3m;uylthm-
| ytical HPLC, b d d to
Spectromet 1y to GBI RIAR dPpiE el as obraigtl frof Mol Einfarciobts , OR).
eptides. The r ng at ed
Wi th 30% et hyl eﬁ‘i‘ﬂ?a iy W@%?‘g‘?ol |§§%¥ﬁ8‘"‘?¥ aveldtl A ‘P‘Ph‘és“a“y
25 resin, precicghiadis ﬁﬂcdsfoﬁ ﬂibsph@liﬂé@t? pﬁﬁichd&smemamd mymlm@wxﬂma%mmds
va

(TA peptldes W th et her and reno of the protecting groups wt

HF. The synt het iThefefofes ppecitd careewas taken tonrehiove adl the phéspholipasenA s fioyn nielittin using
reverse-phase HPLC on a C18 col utm using a |inear. gradi ent of 25-80%

acetoni tril goi n RP-HRLIT-AAll mhel&eagents wert dffamalytich) gratied Buffessnwere prepated in double
analysis to confirmithejir conposition. 30 (iv) Amdation of the peptides.
Resi n- bound peptglas-distiledyatetns reated for 3 days with a m xt ure

conposed of 1: 1%?&&&%&1&&3&%@%&% Ut piRiaesd Wbre | syntHRlidad ¥y 2"l phase

21

PCT/ 1 L97/ 00066 method -daVBaty{ckytarbonyl-(ahiing acdy@hewlacatamaiajamemyl aksihh®.05 meq)

carboxyl ate group of, the gI ut am ne e |l Qcated at, the C-term nus
of [err]-neli ttl&@ﬁ&@ ﬁ?@ wehe tesm—%oggij S WetghFleaves [ropy the resins by

protecti ng gfsou 'ﬂl@ﬂl h&% Imﬁg %ﬁ‘ﬁ' I d

were nodifie b&@on am de %ﬁ? andte %%H’aa wer g@%%o‘r’@?sé%cmde
5 under a st r eqfeptiie Ipréﬁami%hs conwlidetcorer mifoe tpedk, papicvesied \wrkrmuemwl was 50-
fromthe resin with and precipitated with dry ether.

products were t h&lve pum PRPE’S& bY G"eﬂihtc Thg synbesized peptides Mﬁh@frpunﬁed by RP-HPLC
b d vesi cres. Gaia Rl Bg bR A Gramptrsetithe AR B £01)° The columa
- was eluted in 40 min, using a linear gradient of 10-60% acetonitrile in water, both

20  containing 0.05% TFA (v/v), at a flow rate of 1.8 mVmin. The purified peptides, which

were shown to be homogeneous (~95%) by analytical HPLC, were subjected to amino-

acid analysis and to mass spectrometry to confirm their sequences.
(iti) Transamination of the peptides. The resin-bound peptides as in (ii) above were
transaminated with 30% ethylene diamine in DMF for 3 days, followed by filtration of the
25  resin, precipitation of the protected pe'ptideé, namely aminoethylamino (TA) peptides, with
~ - ether and removal of the prdtccting groups with HF. The synthetic TA-peptides were
purified (>95% homogenicity) by reverse-phase HPLC on a C18 column using a linear
gradient of 25-80% acetonitrile in 0.1% TFA, in 40 min, and then subjected to amino acid

analysis to confirm their composition. |

30 (i) Amidation of the peptides. Resin-bound peptide (20 mg) was treated for 3 days with a
mixture composed of 1:1 v/v of saturated ammonia solution (30%) in methano! and

21



soni cati on of PC/chol esterol (10:1 ww or PC/PS (1:1 ww) dispersions.
Briefly, dry lipid 10 and cholesterol (10:1 ww) were dissolved in a

CHC err] Ixture (2:1 v/v). The solvents were th ed
under a 2‘?‘?3‘5’%‘@ nitrogen and the lipids (at a concentrat ngw 7.2
mg/ M) were subjected to a vacuumfor 1 h and then resuspended in the
appropri at RUEA L vhich revited G BSidatidiE of By %\rnq’(pd per stons. yere
then soni clg%desé)f(%lri gﬁS m nlj'elyn a '%?j{}ﬁot S%Lejéagom (I:Aat{a Gﬁfgﬁ%Séb%ﬂlmg\e
soni cat or  rebi@h0 18 2B O-EnimRUTST IDIVES,1 MR 1ufibtidin! S Théid, SBptided Bfere
lipid concentrations of the resulting preparations were deter e i)y
phosphor usobziatd sn swiiishralll thet prote@ting .gratpsi remeinede attached,ublt whdsel O-tegminal EOL
JEM 100B . ., electron.ni ¢poscope, { Japan ectron tics Laboratory Co.
Tokyo, - yaaHERwHsIOEed by o5 Roide ba, Theitegoldnd srapeaasac gvanprated
car bon-coalfdr 9'skidars iﬁl@% | ¥&d th S Sebed vibiids te. .
Exam nastci on o¥gtshe gp? S _e_m')nstrgt edetihatﬁe?ﬁ%g\%grigc gga\?v%rﬁ%ﬁﬁm rg?r%ll‘?"g?
with an 2(DMSQrangeretipitatédwithidrpehes) Tive grisdpah adrothet sabjeated tdVHIF déavage

1967) . - [(vi) Preparation of serum Blqod was collected fromfive
vol unt eer%@ﬁ%@%%ﬂﬁ'ﬁc% escribedheha¥eure for 4 h. The bl ood

was then cgeptg.i f Qv lh i at . the. y um was renpyved
and pool ed& }1 ﬁé@%ﬁ%’ﬁ?é@éﬁ@m@gﬁlﬁg ed%d?egﬁlm wate gge[p by
Cf or 30m n. soffeation of PCIdRofesteedl (D:¢ aw) of RE/RSX1SP g dispérsions. Beiefly (&S liphd €
measured with a Jasco J- 500A sloect_ropol arineter after cal i brat | ng
t he i nkt r ianshehalesterol (10r1 Mg svgse slissaived inca CHCl3/MeOH. mixtures(2ek w). wiEhe
scanned at 23[err]C in a capped, quartz optical cell with a 0.5 nm path
length. S Yeuls Werechen FaPn dAndsF 3 sireaty OhBitogen gnd the himds (st coneatrationins

t ak e de f : I T i d
wer e somnnat? 2 meltt weRSHoRERY kS'E yBbuiin 1521 ifd Phdh reafp B el Shprbiifind |
3(2)% trifl Uwvfglg l;_?g%elagﬂﬂ: EThe fesuledny tipid dispeirsiohs weae! then sonicated for 5-15 min in a
PCT/ 1 L97/ Cerl &ype sonicsies (Gi1d255R 1, senicater. Laboratary Suppliss. Comwany frg.i W) juesil

G j el d A : t :nd9 .
]Sol fg\f/‘\g el ded"d TRSTid cbnbéhratiinélof the %sf‘lenr"% Plepatiftionis C%ﬁ e.‘rjteiét%gtgxrnF&i .o
exper i ment phidspharas analgsis Bamtlett e E959)c Veesiclgst were tvisualiz&Pdsingna JBOL TEN{ 100B

val ues for Jerr nd [err], ich correspond to Q% and 100% hel i x _cont ent
at 222 electro microsc pe (_}apanwgiectro_n ?_)pncs 'P.agora_mry. oo.,al‘o o, Japoan) as follows. A

drop of vesicles was deposited on a carbon-coated gnd and negatively stained with uranyl
| acetate. Examination of the grids demon_sfrated that the vesicles were unilamellar with an
20  average diameter of 20-50 nm (Papahadjopoulos and Miller, 1967). ‘
~ (vi) Preparation of serum. Blood was collected from five volunteers and allowed to clot
at room temperature for 4 h. The blood was then centrifuged for 15 min at 1500 g, and the
serum was removed aﬁd pooled. The serum ,_complemen_t was inactivated by heating at 56°
 Cfor30min - s |
25  (vii) CD Spectroscopy. The CD spectra of the peptides were measured with a Jasco J-
S00A spectropolarimeter .after _caliBrating_ the instrument with -(+)-10-camphorsulfonic
acid. The spectra were scanned at 23°C in a capped, quartz optical cell with a 0.5 mm path
length. Spectra were obtained at wavelengths of 250 to 190 nm. Eight scans were taken
for each peptide at a scan rate of 20 nm/min. The peptides were.scanned at concentrations

30 of 1.5 x 10-5 - 2.0 x 10°5 M in 40% trifluoroethanol (TFE), a solvent that strongly




nm are estimated to be 2000 and 32000 deg-cnierr]/dnol e, respectively (W

et al., 1981). (viii) Antibacterial activity of the peptides. The
anti bacteri al yaody/yiony of the diastereoners 10 was exam ned i n BCEALI7H0066
96-wel | plates (Nunc F96 microtiter plates) in a final volune of 100

[err]L as follows: Aliquots (50, [err%l ) of a suspension containing bacteria
at a concent r atpromotes o-helical sgmictuse-o kyactiopal helicipgst (Greenfig)d and Fasmam 1968; Wu et

broth) nmedi um wer ded to,50 [ we. Of water or 66% pool ed nor mal :
human serum i nmng,g@ngFﬁﬁﬂcﬁ’ _t%(ﬁé;{?tlﬁﬁsde in 2-fol d  serial dilutions.
G owth inhibition was determ ned by [gﬁgzsur'{(e]gu} he absorbance at 492 15 nm

with a Mcroplate autoreader E1309 (Bio-tek I'nstruments), follow ng

i ncubation for 18-20 h at fg?[err+E—Anmt+bacterial activity is
expressed as the mnimal inhibitory _..100 CON tration (MC), the

concentratioh at which 100% i nhi bi til h éRr growee was observed ~after
18-20 h of incu 1Ot T N RackBéda d ethiGly AlLcakil
Pseudonbnas mglleer @&zﬁogamATcg 27%@2\% oggg}tiler ‘cal %(l)lggel%yl %%22A81n1,and the

Sal nonel | a t yphizsiues fon P54 hd B4, whictecmtespbndnto Bt dnd 100% deliz content at 222
| ut eus ATCC 9341, Bacillus subtilis ATCC 6031. (i X) Henolysis of
human red bl oodnne atesestiffatedtohei 2000 and 3300Q@ degcmfdmaléiaespebtivaly (Wucet al., 1981).

activities against, hunman red bl pod | 1s RBC)., Fresh hRBC w.,th TA were
e 30 9% Dk Anibectendl qesii of fhesiepliden (e RRRPRSIONET frtitity of the diaSiggeomers
by centrifugati f Emit% ) t%"ﬁl SEGE ' r Peﬂ'ﬂ

di ssol ved ig@PB%%vee%e t gﬁﬁasé%%lg %w%g?girr lfn°c 0 &gﬁg?&#&iﬁngf t g%ﬁxme of
stock hRBC i n PBS0 ul ascfatibwa: Alivplots{(SDulymofal suspénsjorr cdntaigingrimkteria at a concentration
erythrocyte concentration, 5%v/v). The resul ting suspension was i ncubated
under agi bfil 08 Colomy-Barming UnitsyQRF/mILB(Rausia bpotb medium weesadded to 50 uL
centrifuged at e| ease of hegﬁgl obi n. was_.noni t.

8Q0g f I Nn. d
by measuri ng. t hO R 866 BROIed, Bomal BhERA, perin 5P DS, oRAnEG the, BRRLGe gf 2-fold
T a3 D, SEhAMiluRRE TOYR SiRRbitiDh wh Atk B 1EBfring the aBSARARE'3H 492

in PBS and Triton respectiv
23 150 9 With1® Microplate autoreader E1309 (Bio-tek Instruments), following incubation for

Tl L 050, e ) AL bESSASCIS 51 Skl b e Pk B

M G "ahd one. i Eota ek (Mg 18t Bendthiraion & Yfich 1606 inhibi6R oF PRy el bsbrved

for 10 mn at 3Gfkag18-Doch pfincebatione r'ﬁxertmstwipmsdkw_emo‘.‘s_ahma}qm calitD2 1niRseguddweonas

R O E e e T R RIS K L —

grids were %aanPﬂ B’féiﬁ% gzeﬂvgg'iwlﬁ'\'hijnq(i?Micrococcus tuteus ATCC 9341, Bacillus subtilis
ATCC6051. :

(ix) Hemolysis of human red blood cells. The peptides were tested for their hemolytic

activities against human red blood cells (hARBC). Fresh hRBC with EDTA were rinsed 3

‘times with PBS (35 mM phosphate buffer/0.15 M NaCl, pH 7.3) by centrifugation for 10

25 min at 800g and resuspended in PBS. Peptides dissolved in PBS were then added to SOpL

of a solution of ihe stock hRBC in PBS to reach a final volume of 100 pL (final

erythrocyte concentration, 5% v/v). The resulting suspension was incubated under

agitation for 30 min at 37°C. The '-samples were then centrifuged at 800g for 10 min.

Release of heinoglobin was monitored by measuring the absorbance of the supematant at

30 540 nm. Controls for zero hemolysis (blank) and 100% hemolysis consisted of hRBC
~ suspended in PBS and Triton 1%, respectively.
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el ectron m croscope. (xi) Menbr ane per neati on i nduced by the peptides.
Menbr ane perneati on was assessed utilizing the diffusion potenti al

assay ( , 1983; Sins et al., 1974) as previously scrj bed
- (Shai qu'g)l\%ﬁt"llg%) In a typical experinment, in a glass tﬁ'#gm‘g" ] of a

| i posomes suspensi on (fi nal phospholipids concentration of 33

1Y), P B Iy s e oF i RSP
[sg;lg tive %ﬁg@%g]g L;alz @ﬁginllrg ggé‘t w@aelhlmrll&g%gf %T‘F%Wﬂthgfvﬁlﬁfer r]

M was adpeptides at their MIC, mdsom‘\dllutmn lesoticiarthe MIO, dud Y6 bf &Rl thed dendiFuped

dlffu5|on potentlal | nmg vesi cles, which led to a quenchi ng of
the dye' sforlQapinsatSQ08e. dhe pekiete mw&we%m%d@pmma the bacteridiwash

i 11 s on SePHeToned B CAion-LBHEL UF wiithC Bl B, Bl oielied i e
moni t or edplggephofdagiticacid (PTA), PH 6185- ﬂ%gﬁﬁéfe(ﬁﬂaumim? a mothmhbl

excitation set at 620 nm the em ssion-at. 670 20 - nm and the gain a usted
to 100% qin@trcpemm@gs of fl uorescence recovery, F[err], was def| ned

I [ err]=t ) %ﬂbrg{ne peTe raeng ¢ e'ﬁg'éceﬁ by ﬁhﬁg %@ H”&r I\QH}E‘P@% bé%‘(g%“% é’@s\féﬁ"sﬁi‘* ore

the additiy the diffusioyl potéitiat askay ANBew (bl | 1983 Isanébvﬂrema g¢ fé%ﬁﬁfswed
after adding t Mtlde at .time t. 25 (xii) Binding o etldeg

vesi cles. deserbedi(Shai et alori991). [I;rapmmlmxpmmmtt in a glass mbs;épégfadlpssamémg
of zwitterionic (PC) or negatively charged@phos hol i pi d'fi (PC/PS) was :
char act er suspemnsign (final phospholipidsyeanceniration i atlch spatpining buffer (50

tides' i [ I . t trati t BT fly
200 e mRaEadh 2 mne RS ABEE o o i 1 SPGB B0
buf fer containing 50 mM Na[err]S ergk 25,mMM HEPES-S( err]2, 30 pH 6.8,
at 24[ er r bfferi(S0-mM DlaofOdng? W‘M%EP &Q@?t eHi 6i8). and aiﬂneu:sepm petential-

reaction vol ume 24

WO 97/ 310semsitive dye diS-Cp-5 was then added. - Valinomycin (1 pl of 10-7 M) was added to the
PCT/ 1L97/ 00066 of 2 M was used in all experinents. The fluorescence
i nt end$ t ySueRension dnasderatp glowly create a negative diffusion potential inside the vesicles,

which led to a quenching of the dye's fluorescence. Once the fluorescence had stabilized,
which took 3-10 minutes,.-.pep.tides were added. ' The subsequent dissipation of the
~ diffusion potential, as réﬂected by an increase in fluorescence, was monitored on a Perkin
Elmer LS-50B spectrofluorometer, with the excitation set at 620 nm, the emission at 670
20 nm, and the gain adjusted to 100%. The percentage of fluorescence recovery, Fy, was
‘defined as: | B

' Fi = (It -1g /1 Ig) x 100
~ where Io = the initial fluorescence, If= the total fluorescence observed before the addition

of valmomycm, and It =the ﬂuorescence observed after addmg the pepude at time t.

25 (xi)) Binding of pepades to ve.ucles The interaction of [D}-V3.8 117,K21-mehttm with
vesicles consisting of zwitterionic (PC) or negatively charged phqsphohplds (PC/PS) was
characterized by measuring changes iri__the emission intensity of the ._i)eptides' intrinsic
tryptophan in SUV titration experiments. Briefly, SUV were added to a fixed amount of
peptide (0.5 uM) dissolved in buffer containing 50 mM Na3S0g4, 25 mM HEPES-S04-2,

30 pH6.8,at24°C. A ]-cm pathlength quartz cuvette that contained a final reaction volume
24




function of the Ii'pi d/ peptide nolar ratio (4 separate experinments) on a

Per kin-El mer LS-5 Spectrofluorometer, with excitation set at 280 nm

using-a 5 nm mafyj em ssion set at 340 nm wusing a 2.5 prombribooss
The. bi ndi ng |sot erns were anal yzed as a partition 5 equi librium using
the following fornula: Xerr]=Klerr]Clerr]

where Xb is debfmethlawas hsedrixi all mpenments bdhe dlyssgscente inGhisitp ovas preasured as a
lipid (CL), Kp nds, ar |t|o coefficient
Fepr esent ' t he fentioniairine IPLREBAE MRFA ﬂ e Fﬁgeww%@b??’”aeﬂmﬁm LS5

| ut F
?gi 'ltJj :ilolny mg;egﬁgﬁé | %eg{e ng‘/%{rmt e out er P.Flhg ﬁahf Qﬁcﬁe&gﬁj{?n setat

Therefore, the 340 nmpaisirigt & @5 esmadliton The chinding xsotherms were analyzed as a partition
X [err]* = Kp*([err|] where X [err]* is defined as the nolar ratio of
bound pepti de eqniliboumnmusingthg folloping fosmulas« is the estimted surface
partition constant. The curve %(ﬁb__y,(&, fromplotting X [err]* vs. free 15
peptide, Cf is referred to as ntional binding isotherm

(xiii) Tryptophag. g Esh ﬁ%%&%&ﬁmno@f’%&f&"ﬁ&%'%) r%&!&ﬂ ?CLS’, Kp

Its enV|r0nnE een utilrzed previously 1I'n co tlon

brom nat ed phosgpl t sl
t he menbr ane (BOP‘Q'#&M%% ﬂﬁ p(?vﬁ./éé/(,ﬁ{ ﬁd;e%cﬁ%emf?ép??%gﬁ tléflﬁquﬁﬁﬁ!uh% é&gdn%% of

enpl oyed as qUARE HRleSp&tide i NoRRIVAD Fbi PFREEANMAPELeS, RUNAABLAN®A thhOthe peptides
probi ng the nenbrane |nsert|on of peptides, since they act over a short

di stance an® ddnitially wmtpaﬂmmadc@nh’vae(thmometﬂ@m % of %Slﬂf Thernfore, the
its di astereoner, .each of. wg . contains one tryptophan residue, were
added (final cdPRCHHRD SQYaHANBECOMSS: [or 1M to 2 M of buf fer ( 50 mv
Na[err] SO err], 25 mM HEPES-SJ err] ‘E‘_Lugf& containing 20 [err]l (50 -
[err]M of Br- PC/PS(llvv/\?\S P us establishing a lipid

an e s on speWbER bt is kB Bt B lectolob b peptide pet {fR of T ipid'ad xp*

Per ki n-El mer LS-50B Spectrofluoronefer, wth excitation set at 280 nm (8

slit). SW conp@gbqesmnm susface partitjos) copstant, T hecurvn resuitiag from MWMmevs free

6,7 Br- PCor, 9,10, Br- PC& or 11,12 Br re u ed. Three separate
experlnentslf\/\erE"PE’Gﬁ fisagferred to a3 cﬁ%‘éq’?“ﬂ%éth‘ trol experinments,

gg/ PS (1 :1 w W}x @U\é.w}opgg}, gggncﬁm"}éef&pgfi*mm OTryptophan which is sensitive to its

environment has been utilized previously in combination with brominated phospholipids
(Br-PC) to evaluate peptide localization in the membrane (Bolen and Holloway, 1990; De
Kroon et al., 1990). Br-PC employed as quenchers of tryptophan fluorescence are suitable
20 for probing the membrane insertion of peptides, since they act over a short distance and do
not drastically perturb the membrane. Melittin and its diastereomer, each of which
contains one fryptophan residue, were added (final concentration of 0.5 pM) to 2 ml of
buffer ( 50 mM Na3SOy, 25 mM HEPES-SO4‘2, pH 6.8) containing 20 pl (50 uM) of Br-
PC/PS (1:1 w/w) SUV, thus establishing a lipid /peptide ratio of 100:1. After a 2 min
25 incubation at room temperature, an emission spectrum of the tryptophan was recorded
using a Perkin-Elmer LS-50B Spectrofluorometer, with excitation set at 280 nm (8 nm
slit). SUV composed of PC/PS (1:1 w/w) and which contained 25 % of either 6,7 Br-
PC,or 9,10 Br-PC, or 11,12 Br-PC, were used. Three separate experirhe‘nts were conducted

for each peptide. In control experiments, PC/PS (1:1 w/w) SUV without Br-PC were used.
30
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WO 97/ 31019
PCT/ 1 L97/ 00066 EXAMPLE 1. Synthesis and biological activity of

padaxi n- Qﬁ Wéﬂﬂ %di ast ereoners 1.1 Synthesis. § éf' the
rol e of t Wical structure of a polycationic cyt %’
cytotoxicity towards manmalian cells and bacteria, a series of pardaX| n-

derived pEyA [ i St ot Sl dulfietiVEd afdstoreBfidcl | | )
of the EXpeI’I nment a 5 Procedures, and nar acterize or elrr structure,

henol ytic acti ¢k ﬁynthemBEg examine et fideof ghé- ai-helizal strugturenef & fpodytationmict he
?ﬁ;pp 8: Fgéyt\q{y RRg! 8 gﬁ egtotoxlcny towards iamm AEIRY ah%eﬁf 3 bgéer?a,?’a?’serxrl‘zg o?‘%g;ciai?n-m

d y- Phe-P R ;
Ser - Pr o- LES"‘H 3’?3 d e%ﬁ%engmtﬁ?dsigfd%ﬁgf' secfigns (i) and (iii) of the Experimental

A y- Ses - AProcedureSie ranfe chfactesited Goy - tBeir- Glructure, hemolytic adtivilly ionatHRBCSf
the parda nol e I n to introdyce a_ positive charge was made
by eit heraﬂ‘g?aéfefﬁ a‘f‘W@é&‘ﬁ&&%“@"t@Fm Li 88y pEhagisrian or converting the
acidic G 5&?%{1@ r,g&? ereof to a positive
one by reaction o Er)%a@é‘ car @“@%ﬁ%ﬁg‘%‘ “?ggﬁéH“é% residue at the
C-termnus with et h)Glg%e@lﬁ%hd.e{u%—Prc&-Wé—@l&-lﬂ&Seraddl ng positively charged

am no acid residues su S s_.to.the N-term nus, in pardaxin
di ast ereomers in whiSk F‘h‘ NE% Lyﬁ"]aﬁd-/%‘rlﬂﬂ'@f@&he\/#x were altered by

elthermrepl aci ng th%lﬁsﬁr é’[l?%,eglseerlgrep _g?)g@%tﬁg_duof TApar or of a

pardaxin fragment by erern |n [err], or the two Leu

resi dues at poMédi€ieaichPofathe paidagin ﬂiél&auile(iﬁ oﬁfer@o Ritfodaxé & B§1ﬁ9€€ﬁir ewas DY
D-Leu (herein [err]) or, both (herein [D] P[err] Llerr] L[errl) The am no

aci ds wer &adg by; ﬁ%d’&k&@g.# tme&ﬁwwo t pasdaxin on gomyenting thes acidic C-

ang o' O YgRERRE BACE! VB, SRR BRABE R0 PR sl st ATPRRLG ©

resi dues garboiylogroups efthe Glu residue dtthe m%ta‘mﬂm with ethhRné didnsife (TAY and/or
herei nafter by nunerals in _bold. . AP[err] L[err]L[err] -TApar of
the sd§ueadding pesitively charged amino acid resndues such as Lys to the N-terminus, in pardaxin

ge?/- E? g Eleaﬁﬂsék&nk&g HHI]"BI% H{ @ Aérethéﬁ-ﬁehx were altered by either replacmg the

dy- Ser- Alrﬁxdlﬁl.PrSGt pGsitiorS? iof FlApafbyofd par@intin ﬁh&b@lﬂwn]&&kﬁ&éﬁﬂm&i&@a oY) [er
rl [DjPlerr] Llerr]L[err] [1-22]-TApar of the sequence:

d y- Phe- PIﬁB]lﬂ)amUhuth &eidresidues at pesitidres- 18cand 19 of TApar or of a pardaxin fragment
Ser - Pro- Leu- Phe-Lys-Thr-L ?kl IISU Ser - Al a- Val - ( NH CHZ CHZ NH2) 2

26 by D-Leu erein [D]L.10 L), or both (herein [D]P7 L18L ). The D-amino acids were

20 - introduced in the centers of the N- and C-helices.
- The following pardaxin-derived diastercomers were found to be non-hemolytic and
to exhibit selective cytolytic activity (the bold and undertined residues are D-amino acids).
The peptides will be represented hereinafter by numerals in bold.
1. [DIP7 L18L19 -TApar of the sequence:
25 Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-Ile-Ile-Ser-
Serer-Leu-PhesLys-Thr-Lgu:Lgu-Ser—_Ala-Val-. |
Gly-Ser-Ala-Leu-Ser-Ser_-Ser_-Gly-Gly-Gl_n—Glu—(NH—CHz-CHZ-NHz),_

2. [DJP7 L1819 [1-22]-TApar of the sequence:
30 , Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-lie-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val- (NH-CH;-CHZ-NHZ)Z

26




WO 97/ 31019

PCT/ 197/ 00066 3. [DP[err]L[err]L[err] [1-22]-par of the sequence:
G y- Phe- Phe- A%;-ﬁjmﬂ e-Pro-Lys-Ile-I1le-Ser- PCT/IL97/00066
Ser - Pro- Leu- Phe- Lys- Thr- Leu- Leu-Ser-Ala-Val 5 4. Klerr] [DP[lerr]

L[err]L[err] [1-22]-TApar of the sequence: _

Lys- d y- Phe- Phe- Al a- Leu-1|e-Pro-Lys-1le-I1e-Ser-

Ser - Pr o- Leu- Phe- Lys- Thr- Leu- Leu- Ser-Al a-Val - (NH-CH err]-CH err]-NH err]) [ er
r] 10 5. K[ et iR El81] 9017f23+pat of fhersehuedneer | [ 1-22] - TApar ofthe
sequence:

Lyg-.Lys- d y- Phe- Phe: Al a- L@ly-PhesPhe-Alg-f.gullePyq-Lysslig-lle-Ser-

Ser - Pr o- Leu- Phe- Lys- Thr - -3l ly- Al - Val - eNH & CHf e -NH err])[err]
6. Klerr] Klerr]p[DP[err .&[ﬁgﬁﬂﬁﬁg#&m Js‘:')rfcﬁgaﬁ{éaﬂsequence: 15
Lys-.Lys- d yzPhe-Phe- Al a-Leu-Ile-Pro-Lys-11e-11le-Ser-

Ser - Pro- Leu- Phe- Lys- Thr - Leu- Leu- Ser - Al a- Val 7.

[D] Plerr]-[1-1 14 KlAmp7qf 8118 [3-eqiauger of the sequence:

3 y- Phe- Phe- Al a-Leu-Ile-Pro-Lys-1le-Ile-Ser-NH CH&Er rk—jﬁ]—%er rl-NH err] 20
The fol | owi ng pardaxi n debysSiy-Pbe-Pherala PeBrodysdiedls-8end to be

oY bt er 13- Tapar " SBPA BRSPS N,
[D]P[err]L[err] -TApar 25 - 12. [D]P[err]-TApar '
13. [DJP[err]-par 14. [D] L[err]L[err]-TApar 15.

[D L[err] Ln[oerrsl.icplakzjip]f'7 L1811, (1 {22) A Aeparof tecsehéricer r] - par
17. [DJP[err] [1-22]-TApar _
o Lys-Lys-Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-Ile-Ile-Ser-

Ser-Pro-Leu-Phe-Lys-’l‘lu-ng;Lgn-Ser-Ala-Val-(NH—CHz-CHz-Ni-Iz)z

6. K! K2[D]P7 L18L19 [1-22)-par of the sequence: -
15 Lys-Lys-Gly-Phie-Phe-Ala-Leu-Ile-Pro-Lys-lle-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val

7. [DJP7-[1-11}-TApar of the sequence:
. Gly-Phe-Phe-Ala-Leu-le-Pro-Lys-lle-Ile-Ser-NH-CH,-CH,-NH,

20
The following pardaxxn dt".rivatives were synthesized and found to be hemotlytic as
shown in Table 1 hereinafter:
s; TApar - 9. [DJP13-TApar
~ 10. [D] LSL19 -TApar | | 11. [DJP7L19 -TApar
25 12, [DIP7-TApar E 13, [DIP7-par
14. (D] L18L19 .TApar ~ 15.[D]L18L19 .par
16. [D]P7 L18L19 -par | 17. DIP7 [1-22]-TApar
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27 WO 97/ 31019
PCT/ 1 L97/ 00066 1.2 Determ nation of the secondary structure of the
pepti des ondary structures of the peptides 1,

- were
- eval uat eavqrglésrr@ﬁei r CD spectra in 40% TFE, a sol vent E%%f’ﬁ‘?t’

pronbtes an a-helical structure, as described in Experinental Procedures

pection (1o DeustiifdSuf SFuic podi Y3638 6t B, 3 SOy sflicgel),

CD spectra of the par astereo dWN

in Fig. 1ofvttferpnpmdes 1, 8] B, 1d, werd éviuated from their)CD [spedtra(in-40% JIFEaCsolvient
(-.--.- ﬁected a dramtic decrease in the a- hel i x content of

the pept i 3@.‘, 5W8§g bRIOMALES teabstysturg. aeldegcnbsﬁénlmnmml difocedures,
flect d th
aovs - sfplichdi R PR (R i Hhodhmd B CEIMA Gher BREL D). 15500 el i)
d1 D P ¢h the pafdaxihAdeRivid orhiérs are ke 12
?FD] P[gr]b[ri[)g]ru):[ angbidtw&iﬂ z: rr]1 }er%] G{H?&::e \/\/L(a)lrwél 1%%1‘010 :ﬂg&f%g}(}
respect i vEN s [Mdut-e)Jddhored amdi] prorh ?Xmeﬁd,taélrmnddeereamlnthe
o B M e T e o
1991). | nréfRStedrsy daxininigava 208 &l 320 1 in 40%OTFE] A%ere WaL bXm6RNSR1o0% | €

all the anal ogues with D-am no acid residues gave very 15 |ow signal's that
coul d not desreasetinitheltcedielix coptent bétweai 8 (TApAH(50%ak-helid) arihqvad]P7L 18119,
1.3 Henolytic and anti bacterial activity. The par daxi n-deri ved peptides
1-17 wer e TApar) (4%). Thaothedia cfontexmhef 12 [(EDIR yTAparamnd \Bidt. G{DQIQWaLdQ-TAqsar)

hi ghl I f th tenti al

nhi bi St‘?w%?%%% &mﬂﬁ%“r«?se%@ el bcsbouidobe B%Héhatﬁémaaeeaég&q?u@&a'q%qs ot
Ex &5 theSifuk

adgﬂz gﬁn%e cyt ot oxXl cth gﬁgﬁ%i’%ﬁnﬁrﬁgﬁc&é‘aﬁ# ﬁ{tﬁe?ﬁ]&%%hl er| a h%lgbﬁ de
der masept reveﬂedzluydﬂ/ﬂbsmtmtnopy (Zagorski atalc|199¢). In PBSypaniaxiitgavea ov4dlne S.

Fig. 2 sho e res ryes of the hemolytic activity of the
pepti des ? %“ Fon A‘t"‘f leai 1 the Apaloghss Wishlaming arids residyes Bave yernt o

TApar 1ﬂr_ap;,g s%%mtﬁgﬁﬁmeaﬁlg&m W@mdmman orrel ates

with the el 1 x content correspon [ ogues.
Pepti de 8, TApar wi th the highest a-helix content is the nost henol ytic,

SN TE R LA TR AT 0 R SRR T

examined for their hemolync activity towards the highly susceptible human erythrocytes,

‘and for their potential to 1nhlb1t the growth of different species of bactena, as described in :
20 Expenmental Procedures, sections (ix) and (xvm), respectively. In addition, the cytotoxic .
bee venom melittin, the antibacterial peptide dermaseptin S, and the antibiotic tetracycline |
were used as controls. | _ _
Fig. 2 shows the dose response curves of the hemolytic activity of the peptides 1, 8,
12, 14. It is shown that D-amino acids introduced into TApar drainatically reduced its
25  hemolytic activity, whiéh éorrelates with the loss of a-helix content in the corresponding
analogues. Peptide 8,l TApar, with the highest a-helix content is the most hemolytic,
while Peptide 1, [DJP7LI8L19-TApar, with the lowest a-helix content, is practically
devoid of hemolytic activity up to the maximum concentration tested (50 uM). The
inability to lyse RBCs is characteristic of most of the naturally occurring antibacterial

30 peptides such as dermaseptin (see Fig. 2), magainin and cecropins.
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devoid of henolytic activity up to the maxi mum concentration tested (50
[err]M. The inability to lyse RBCs is characteristic of nost of the
natural |y ‘occyys bfswosnt i bacterial 30 peptides such as der maseptRCA/HBO0066
Fig. 2), magainin and cecropins.

28 WO 97/ 31019 ) . _ ) .

PCT/ | L97/ 00066 Table 1 giventhedIC GinM) of theypeptides, 111d,fo1 yrepyesentative set of test

“peptides 1-17 for._a repr i . t : ey

i ncl udes two %W%@%F@?@%%%l@é%%ﬁéﬁtc i e%xg ’iég:ﬁ%ﬁ%é?rfg obac cézlr}etobacter
cal coacet i cus, ,3RgadeViPusSaRnne CrainSosupRCiREies BBadilllis meg@ariumr dndnBadillus subtilis,
Baci | lus subtilis, as well as the % henolysis at 50 [err] I\%ept_i de. L
Tabl e 2 gives ahiavell & ten%q bemdlypist S0huMs peptisle. deable; 2 givesithe NMICo(in| pdv) of the

Tot o reveal 5t paEoussh b 20 4 GBS, OIS SEICIhying (3P R el

herol ytic acti \égéaresofrhé Rt revehletiao despie MBadragiafe decreasd e Xhélbl-hélp! 8bAeft and

nost of the potent antibacterial activity of theaﬁarent pepti de
par daxi n, whi cheimolyticrgotivity lof thealiastercorérik analpgues 1-haheyall retainedhorost ofithe potent
pepti des.

antibacterial activity of the parent peptide pardaxin, which is comparable to that of known
native antibacterial peptides.
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bacterial wall (Fig. 4B). These patches might indicate the initial step
involved in the lytic pr ocess. EXAMPLE 2. Synthesis and
bi ol ogi cal acwW@9¥310t% nelittin-devived diastereoners 5 PCT/1.57/00066

Synthesis. In order to further examne the role of the a-helical structure

f | in.th
gact eri acéﬁg %/zll‘a;wﬁ“ﬁmﬁlﬁ Hfﬁxg%{ﬁfbg%c%g%nﬁ}aﬁ% na‘g%'f/‘?‘inégﬁ@g A common
effect, four di g@kgﬁfoﬂe af of thetld-hélical (ﬁ@xﬁvé&ﬁ-‘r&:arged avihihe-ot@gfing antibacterial

I\/EllttlnlsaZ pepti de of the sequence:
G y-11e-Gdy-A apsfitidek estudipd -svafar) és their -abHity Gbym_g'act and permeate negatively charged

Pro-Al a- Leu- I | e- Ser=Tr.p-| L e Lys- A Ar g
Vodi 11 cat | on. of PRAEPAGPIE BEHET b CHIPHEAIC PRSP e Pits: 0B TElEvaRs &6 thespefindings to

charge was efERARofoi GPRYE bichbrhila A bekrParthikdoHE FR% (1ER Md durfacl o Bhoteria
a fragnment ther &6 posi |ve one by reaction of the carboxyl group
at the C-t.erni ngontainkhlipdpulysacehadidesti(DPS, iin Gedrminegativies backeria), camb molysatceharides
which the N-helix and the C-helix were aL]tered y replacing the tw Val

resi dues at poskKteichais scidpdig Grpmrpgsitive; hactema), \Bogh qfswhich™ are ﬁ%‘QF% i Yhilg normal

?ggpggtel \%Fyr ?ﬁ Ié‘?azﬁﬁdfﬂ e\ﬁ 21 Wﬁer%‘% Yﬁ#yr&o“xﬁmﬁf}dz@hbﬁ%c phospholipid

fol l owi ng neli thIGbxdﬂrelr\mlﬂerdeaim e‘ll‘hodxssxpaummf the diffusion praemmmasmkmonm&ane
to exhibit selective cytolytic y (the rI| resi dues

are D-ami no léci @symeating activigy of %F 48]09[ ?%[%}dralj&[?grrﬂp lp(y; vesigles. ?prepared
sequence: y € Us hr- 3

Pro- Al a- Leu-11 - §8?°"H’n§ gf’ %%%wy% én ﬁz J"gy £§£ye as &S‘H&d in

[ D] - V[ err] V[ er r [ixpefifelitat Pfdcediires, eé&tionaii.. tmmmmﬁmg 3forpept1desl 8,12, 14,
Ay-lIle-Ay-A a-Vval - LeuLsVaI Leu- Thr-Thr-G y- Leu-
Pro- Al a- Leu- | | e-isdicatgrtpay éeamw mids | iptrodpepdGinto apdaxinndid not significantly affect the

E?Dll IVI[ gr g ;// [ ,eA\Ir ;]Ebgﬁy fk ﬁl rgllbéﬁ %211‘7&;%? hﬁ#h@@ﬂﬁ%ﬁg%g& However, peptide 1, the only

?ITL 0- Al a- Leu-k! - SBasterbdmbs QhAtYﬁr deoidHofCiHeiolyticClabiviey -tk ftdihs antibacterial activity,

permeates negatively charged phospholipids significantly better than zwitterionic
phospholipids. As such it behaves similar to native antibacterial peptides, although it is
devoid of a-helical structure. The lack of significant intermediate activities with peptides
12 and 14 might be explained by the fact that they both have either the hydrophobic N-

20  helix or the amphipathic C-helix intact, wh_ich' is sufficient to promote strong binding to
both types of vesicles via hyd;'ophobio intef_actions.

' 1.5 Visualization of bacteriai lysié osing electron microscopy. The effect of the
pardaxin-derived peptides on the morphology of intact and treated bacteria was visualized

25 using negative staining electron :mcroscopy, as described in Expenmental Procedures,
section xx. The peptxdes were added to bacteria at or below their MIC concentration under

the same conditions used in the antibacterial assay (see example 1.3 above). Samples were
pulled out after an 18 h incubation and were immediately fixed and examined by
transmission electron mictoscopy. Fig. 4 shows.the photographs obtained with the non-

30  hemolytic analogue 1, [I)']P"'_I..l 81.19.TApar, as an example. It was found that at the MIC
peptide 1 lysed the baoteria completely, and: only small fragments could be observed (Fig.

4C). However, at concentrations lower than the MIC, patches were observed on the
' 33
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PCT/ 1 L97/ 00066 21. [D-V[err]V[err]l[err]Klerr]-[4-22]-TAmrel of the
sequence:wo 97/31019 Al a- Val - Leu- Lys-Val - Leu- Thr - Thr - G y- ls@4mr.o7/00066
Pro-Al a-Leu-11le-Ser-Trp-11e--Lys-Arg- NH CH2- CH2- NH2 5 The

peptides 18-21 were then characterized with regard to their structure,

bi ol ogi cal bacteraliwall Gig. 4B) cFhese patahesimighbindicate &eamdahﬂekeinvnmeﬁrmnbslync
conposed of _either zwitterionic or negatively charged phospholi pids.
2.2 CD speBWSisCOpy The extent of the a-helical structure of the peptides
18 and 19 was 10 determned fromtheir CD spectra in 40% TFE, a sol vent
that strongly prom)t es a- heI | cal N structure. As expect ed the a-helical
cont ent of - BSIS d biolagiball activwity offAfdlittin-defived ¢ ~:-.‘ obimapg t hat

The

of rrellttln r te emnlmaat 208 and 222 nm 5).
a- hel i X cont ent zo‘fe ?C}FPFT ﬁy\ﬂﬂg'f%m"t the1uole gf, thergs °h°$1t8mcture of
di ast er eoNgyRiysid in meu%%t&ﬁl o lanléeuslaé;d hla%t%gl%d' bacne%ﬂ‘g

henol ytic act|V|ty of thé ne |astereoners

activity ofntotthe maethadism badétlying)his sfferREfoun dibstddeinierp wfemelifin trfel) NRérRI t
t he g tavth of different species of bacteria were investigated. The
antibiotic ? l'ine " served as a control in the antibacteri al

assay. A dose r \ ¢ 20 activity of the peptides
was obt ai ned (Fﬁvg&ﬁ@?% %ﬁ@rﬁl ves t@ﬁée&k%%kf or a representative set
of testebacteria. |t GigidldGlsAtanVakBéu-Lis VaRLeodheTheiGlpfLel: am no aci ds

into nelittin dra tlcaILg_ reduced its henol ytlc activity, which
paral | el.ed the |oss cﬁm‘t g-Lewlie-Seralrp-lle-L Ys‘éEBTLé'PnAl'S 10lnHénd¥H; espondi ng

anal ogues. Meli e t he nost
hemol ytic, whil tgit&iﬁfm Jnﬂ“@r‘gﬁ rlrg!‘n&? g@r]\%edrh irn a ron tglgbg%eemgaof"é” FRfree was
pepti des 1ghade byandvérangmet BeitlioC-teniniisiis off nivfittirt a¢ ofPRaginént theésT 18 'adokitival | v
devoid of henplytic activity However, despite the dramatic decrease

i n the hen8né by Feastionof the @fowbmpuat therc-tennmusdmt p@vlamd:mne. inmuelittin

they beih aﬁgﬂ.gﬁ§ IVIt of

par ent peptaraéﬂ ur e{rwrih”('gngrhetmg ga{é‘ﬁéﬁdbagteeg ral ac?ﬁ"\?&% Yo’fepg‘s 't&}E‘%T@ \als
only sl i ghtésjdues at positiorsr5 irtb80f imelittinf thele robidad at Pkitioh 17 ahdl We LPeredituge
group at the C-ternminus of nelittin 30 does not contribute significantly

to the ant abpasitior 21 byD:-Vai, DfIleimdDdcys; respectivelyi (hedeno(D]-VI8117K21), cecropi n

wth a free carblﬂ]ﬁy c Cterm, n_%ﬁ p?tf, a Si gnlflcant | ower anti bacteri al
activity tiagfollpwing el diagterepmetswepe founghto-ba pen-bemolytie apd nal

(Li et al.y &AR6ik selective cytolytic activity (the bold and underlined resxdues are D-amino agigs)
20  18. [D}-V5V8I17K21.mel of the sequence:
Gly-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
Pro-Aia-Leu-Ilg-Ser-Trp-Ile-Lys-Arg-an-Arg-Gln-Gln-NHz

~

19. [D]-V5V8117K21-mel-COOH of the sequence
25 Gly-Ile—Gly-Ala—!al—Leu-Lys-Xal-Leu-’l'lu-Thr-Gly-Leu-
Pro-Ala—Leu-Ilg-Ser-Trp-Ile-Lys-Arg~Lxs-Arg-Gln-Gln-COOH

20. [D}-V5V8117K21-{1.22]- TAmel of the sequence: |
Gly-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
30 Pro—Ala-Leu-Ilg—Ser-Trp—ile?Lzs-Arg-NH-Cﬂz-CHz¥NI-lz_
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PCT/ 1'L97/ 0006@vo 97131819 El ectron mi croscopy study of bacterial | yrRCEILI?T/O0066
ef fect of the peptide 18 on the nmor phol ogy of intact and treated .
bacteria was visualized using transm ssion el ectron m croscopy. As shown
in Fig. 7, at teg [M]-C\‘I5\V3147K bi[a.de]-TAmelsfekk sequence: ysi s of the bacteria
(Fig. 7C). However, "at concentrations |ower then the MC, patches were
observed 5 on the bada-MaldieudaistValebep-ThsThr-Gly-deunat ches ni ght represent

an initial step in the Lytic SSy deef interaction
wi th phosphol i pi d meﬁﬁ?ﬁ%‘!?%ﬁ%%“%ﬁ?‘%ﬂ%ﬁﬁﬁ%r@%f t he
peptides 18 and 19 were simlar, only the node of interaction of peptide 18
wi th nodel 10 phospholipid nenbranes was conpared to that of nelittin, in

order to el i date t Thebpeptides 18-2bf weree t anactesiged cwithi regardb @ r theid. stRgoture,

botenti &l _or eat BiPREIea) St sif EReHEn YAl aeisziagid el emprangs gomposed gf ither
partition coeff hghmaiobr fdativap dnaed WhbspHafplust ypes of vesicles, and the

| ocal i zati on of t he peptide when bound to nenbranes, were determ ned.

15 2.5.1 Menbrane perneability induced by the peptides. Various

hat had been. p?e CPUmOEtToMany- (e cAterk of i s beliet Sripire of e pepties 1 pud 19 was
val i nonyci n,, Th el s géﬁ(rg FHB‘B L LfHat;
wth tinme arll(():l tﬁgémam gu%n?l??\l/éé{@lr);g C edﬁ‘ggﬁ%eﬁ}%?%m;ﬁé%%gg? *@Z bted daﬂehcal

concentrati on watruétaieer Al erpected; tishavhelical dontent 8f theodiasterebohiers wasifthch dpwerg80%
18 had 20 simlar menbrane perneating activity with PC PS vesjcles, '

whi ch
d ermon str ﬁt ed b_t lhé?—m) tham theinfarelisin.gs ?1;41@ the, A b 2080 272 nin 4. %bt The
tt ! 1 o, oA’ «
CTTeEt {0k e Sy LSS Yok B PRATFLS o 1

melittin was al aadogspectivelyye W th PC vesicl es, the diastereoner was

totally devoid of menbrane perneating activity with PC vesicles (up to
t he maxi nal 18oncentration 25 tested). 2.5.2 Binding Studies.

The inability o e di ast er,eoner 18 A t e MESEClEs ma

due toits i nabird CRERRErRl HEE ebitsbe REGVRE of b melittin 5Sldefmef gl The
vesicles, but ongmodRitsctian 6ithe pepfidescl1 -1 Oagalirist HRBCE and Mdir pOWHEA to inhibit the
menbr ane | eakage. In order to differentiate between these two

possi bilities, agrowtidiofglifferent speeiescohbacteral werp dneestigatedg| Themaptibistic detracycline
position 19 of pepti,de 18 .used _as. an i ntrinsi | ugrescence prob .
to followits bisﬁﬁﬁeﬁft%cﬁﬂﬂiﬁﬁf%@% E%Y- f‘i%?&d‘?&ﬂé%ﬁ?’r" tfﬁﬁﬁ‘e(llemly"“
0.5 [err] M 20f tafivity of thePguptideswis dbtairied JF R 6)/ Thble!® giRS theeMIC I5¢ & képreseRiative
or PC/PS) and an increase in the _ .
set of test bacteria. It can be seen that the introduction of D-amino acids into melittin
dramatically reduced its hemolytic activity, which paralleled the loss of the a-helical

content in the corresponding analogues. Melittin, with the highest a-helical content was

the most hemolytic, while up to the maximum concentration tested (50 pM), peptides 18
25  and 19, with the lowest a-helical content, were practically devoid of hemolytic activity.
However, despite the dramatic decrease in the hemolytic activity of the melittin
diastereomers 18 and 19, they both retained most of the potent antibacterial activity of the
parent peptide. Furthermore, the antibacterial activity of peptide 19 was only slightly
lower than that of 18, which indicates that the amide group at the C-terminus of melittin
30 . does not contribute significantly to the antibacterial activity. In contrast, it fs known that
cecropin with a free carboxylic C-terminal has a significant lower antibacterial activity

than that of the native cecropin with an amidated C-terminal (Li et al., 1988).
35
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peptide within a nenbrane. Melittin contains a tryptophan residue at

position 19, the N 38
WO 97/31019 wo097/31019 PCT/L97/00066
PCT/ 1 L97/ 00066 termnal side of the CGhelix. Wth both nelittin and

peptide 18, the |argest guenching, o han.f | ce

observed with &% ﬁggtrp@%r%gpgggg;y(ﬂBactiB¥PiYEgi "It "%"{fﬁ@ﬁ@ﬁ V{%sls on the
observed wi th ,E?, ill?}]oﬁég |§c€c@9§d ‘tfereliCBacterid Was WisdelizB8 - Bﬁ(f%anihﬁﬁ%n electron
results indica upon binding to vesicles, the peptides were |ocated
near the head microgropypsAsishowr ipiag.phoat qhecMIC the peptide/APtansad t&ahdysisiof the

and ‘bi ol ogi cal acti vi ty of del Lys/Leu diastereo 3.1 Lys/Leu
di ast er eoner s bestedm(Fig.JG- g:f%" ,ébmns?“%qﬁgwe%ahe mﬁepat&@smre observed

PP e TS il 20 o S s A Sy

net positive cpﬁfcgg.may be a sufficient criteria necessary for
sel ective bacterial lysis, and (2) to gain insight into the mechani sm
underlying this effect. In the first series of nodel Lys/Leu

12- id A o .

L2, e PEPL 025 Rt or oy opSiotnie mAREHEDS 310 30 BIERGREH gl o
constant in al ky e 58 At L9 weRSsimilag bhlicthe thdde of TRtekdEtGh oﬂpsﬁﬁdetlmtafmodel
a- heli cal structure. D-am no acids were distributed along t

peptide, |aavi pgospﬁo;apndanymbranes was comparedito that fomqhtancmmdwtq dncldatarﬂmbasxs
acids. The fol I

[D]-L[err]-K[e® %T gp%el?ra?e Pﬁg&g étaugtm%ve%y nggll‘e %ha% purpose the a%xhty of the peptides to
Lys- Leu- Leu- Leig %sﬁf&err] g -diffiSsidiS potetitl lcfdatddCin-Hott PEHIRY PL/PS vesicles wak measured, and

[D]-L[err]-Klerr of the sequence
Lys- Leu- Leu- Leuh¢mnemcodﬁcigat;o£ylg= peptides withybotiNtypes of vesicles, and the localization of

[Dl-L[err]-K[er ép}\ of th eguence Lys- Leu- Leu-Leu

-Lys- Leu- Lys- L3P é&}l @?N&F& weredeteggmeFD] Ll[err]-Klerr]L[err]

of the sequgnce: 2.5.1 Membrane permeability induced by the peptides. Various concentrations
of melittin and peptide 18 were mixed with vesicles that had been pre-treated with the

fluorescent dye, diS-Cz-S, and valinomycin. ‘The kinetics of the fluorescence recovery

was monitored with time and the maxlmum level reached as a function of peptide
concentration was determined. As shown in Fig. 8, both melittin and peptide 18 had
20 similar membrane penneatihg activity with PC/PS vesicles,' which demonstrated that
introduction of D-amino'ac-ids into melittin does not affect the ability of the resulting
diastereomer to permeate negatively charged hhospholipid (PS/PC) membranes. However,
while melittin was also highly active with PC vesicles, the diastereomer was totally devoid
of membrane permeating activity with PC vesicles (up to the maximal concentration

25  tested). | |
252 Bmdmg Studles The mablhty of the diastereomer 18 to permeate PC
vesu:les may be due to its inability to bind to PC, or alternatively, it may bind to PC
vesicles, but once bound cannot organize into structures that induce membrane leakage. In
order to differentiate between these two possibilities, a binding study was conducted. The
30 single Trp residue at position 19 of peptide 18 was used as an intrinsic fluorescence probe
' to follow its binding to PC and PC/PS vesicles. A fixed concentration (~ 0.5 uM) of the

peptide was titrated with the desired vesicles (PC or PC/PS) and an increase in the
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Lys-Lys- Leu- Leu-Lys-Leu-Lys-Leu-Lys-Leu-Lys-Lys-NH2 30 In the
'second series of nodel Lys/Leu 12-ner peptides 26-27, two thirds of their

sequencgo¥afgoeonposed of D-amino acid residues, at the exafioRpedsk! ONS Of
the L-am no acid residues of peptides 23 and 24 as follows:
39 WO 97/ 31019 _ _ .

PCT/ | L97fl@di8&8nce intensitp @/as ph¥lerveddf bintingracturred. ePlottingasfithe reshitinfencrespeence:
Lys-Leu-Leu-Lys-Lys-Leu-Leu-Ley _-Lys-Leu-Lys-NHerr] . 27. [ D] -

K[ err] L[i&r th _ﬁg{o&spfq_c{eépfepgnsq og Hep §§&u@ﬁe@n of lipid:péptide. molar ratios yielded

Lys- Leu- < - s et~ s lepid- - Loyt - 4= NHLar . . a

third Se@&ﬁ@@%&ﬁ%%ﬁ%ﬁé% ?’de?.& ghghhr%rlélt%ﬁdg t]ap ?—“r%rlsd i“agf gpé%ﬂer S |
were syniekesls thead alpposp bll despeplide nibléles boand es thewmsicles at a Mipid:Beptidel molar —- |
Ll[err]-Klerr]L[err].. of the_ sequence; . .. Lys-Leu-Leu-Leu -Leu-Lys |
29. - 1Y ermfio IQ[fe‘&)P]lS, Hgwevere withRle yesicles a net increase in|the fuerescenge (ofdhe Trp

_ Lys-Leu- - |y . - ) i ast er eomer ccarding to
the i nve‘h?éljg"lr’lt %éﬁe%yeen. %vfltﬁttﬁcelsq Z@ﬁﬁfd.&@@eﬁﬁﬁx Lagl?etﬁgﬁg’f‘g@cﬁﬁ‘ﬁﬁﬁ Lys |
Leu  Lysthh€thel septidedoes not Bihd-toyBCLwsiclesU Bindihglisbthefitls Wete kBnsthited 6y ~Leu

Lys 32. Lys Leu Leu Leu Lys Leu Lys Leu Lys Leu Leu Lys 20 3.2 :

Synt hesi ploningl X% (the mblastatic efibeuad péptidensuptd08e of Ry wtdt Tipid)orerafoC Althe
described in Experi mental Procedures, section (ii). The peptides were
then chaequilibrium ednoentratiore gfithe free peptide in the solution) (Figures 5B). The surface _
10  partition coefficients were estimated by extrapolé;ting the initial ‘sfopés of the curves to C¢ ) —~
values of zero. The estimated ._s'ur'fa_c.:e partmon coéﬁiéien_t, Kﬁ*, of peptide 18 was 1.1+0.2 .
| x104 M-1 (obtained from 4 mg_asure_ment_s).; 'I.'hi_s.value issimilar to the value reporied for :
melittin binding to phosphatidylglycerol/phosphatidylcholine (4.540.6 x104 M-1) -
(Beschiaschvili and Seelig, 1990). - |
15 -, The shape of the binding isotherm of a peptide can-provide information on the -
‘organization of the peptide within membranes (Schwarz et al., 1987). The binding
isotherm of peptide 18 bend downward indicating a negative cooperativity. A possible
exblanation for this negative cooﬁerat_ivity is that at low concentration, peptide 18 binding
to PS/PC is enhanced by the negative charge of the phospholipid headgroups compared to
—— 20 the partition equilibrium with no charge effect. In _'additibn, upon binding to the membrane
the peptide partially neutralizes the negative membrane surface charge. However, once the
membrane surface charge is neutralized, further peptide. 18 binding is -difficult, since
repulsion of like charges becomes the dominant factor. Similar results were obtained in
studies of melittin binding to negatively charged phbspholipid mexﬁbranes) (Batenburg et
25  al., 1987; Beschiaschvili and Seelig, 1990). Interestingly, unlike melittin which binds
T strongly also to PC vesicles (Kuchinka and Seelig, 1989), peptide 18 did not bind to PC

vesicles.

= 26 Tryptophan Quenching Expgriments.' A tryptophan residue nam:aliy present in the
30  sequence of a protein or a peptidetan serve as an intrinsic probe for-the localization of the

peptide within a membrane. Melittin contains-a tryptophan residue at position 19, the N-
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their structure, biological function and interaction with bacteria and
nodel- nenbr anes conposed of either zwitterionic or negatively charged
phosphol i pi dswa@m31019 3. 3 Hydrophobicity. The hydrophobi citi es RECRILIZN0066
positive charges of the peptides 22-25 are listed in Table 4. I\/Ean

val ues of hydrophobicity were cal cul usi NQ, gonsensus val u
hydr ophobi ci ty terminal sidesd the Cohelix. ;Wi C{pghg}e%%ag ngpqenlq;%ela;gest guenchmg of

di rect cory &l aé]'ﬁ)rg §esfc%édu;§§t%@ﬂeﬁy%tﬂpa%lc?b#sa%sfc&?;n{ﬁéerﬁ) OnLess

time of the pep suggestl ng Struct utf'e do€s not "SI can

ant ribute to oygdndhinghwas etfsepedowith 9,10-BRPEYRS;tand ke \luatshwtthellﬁtzaBt-PEﬂPS( 'I'hese
phase.

97131019 results indicate that upon binding to vesicles, the peptldes were located near the head
PCT/ 1 L97/ 00066 - Tabl e 4

Hydr ophobi city groyps of thephspholipiqs, e | o/ Lys di ast er eoners. Pept i de

Desi gnati on Net Charge Hydrophob| city 5 22.

+4

- 0.01 : 3 =~ g ivifs i
g gect roscopy Tﬁé E‘Xf’éﬁf’ Gﬁa"{eﬁﬁ"'ﬁe‘ﬁeﬁlfs&%ﬂ‘ stsPﬁélaﬁT'eée%’Perf r?g S&Pﬁsll“?-ﬁaéﬂ‘é‘}%i) 12-mer

22- 25 tfied cBfifhobdcPOR Ve fing réibsITaG4ine ahd ki Vidre sARNENAAGH Yhder (1) to

after incorpor aﬁl on of aci ds, no signal was observed
t he diaster wrreexamnhenwhethexaa balgncehbeﬂmek hyéfrophobigity ang echndti positive whedrgeymay be a

structure (data ngt shown IS t be.noted that, [n,a recent study,,

peptide with a Selkicisntcnt P‘F"Gé’fmf &?FA?CHUF%&EWFHE’S‘ESM‘E@ toogainJnsight into the
only L-am no ]55@@'9& fnave about 40% a-helical structure in
met hanol and in veglfngl es ?&rnut et al., 1994). 20 3.5 ’

Ant i bacterial and hernl theifirsnstriesi 6fymodek hys/heptli2dmer peptities 22425, hementhitd of their
activity

sequence was composed of D-amino acid residues. The location of the D-amino acids
15 remained constant in all peptides which was constructed for maximum disruption of a-

helical structure. D-amino acids were distributed along the peptide, leaving only very

short stretches of 1-3 consecutive L-amino ‘acids. The following peptides were

synthesized: _

22. {D}-L3:4:8,10.K3L g of the sequence:

20 ' Lys-Leu-Lgm-L_e_u-Leu—Léu—Lys-L_e]L-Leu-I.&u-Leu-Lys-NHz

23. [D}-L3,4,8,10.K 4L, of the sequence |
Lysleu-Lg_nM—Lys-Leu-Leu-Lgu_-Lys—Lg_u-Leu—Lys-NHz

25 24, [D])-L3:4.8,10.KsL7, of the sequence
' Lys-Leu—I&li:l&h—Ly&Leu—Lys-Lm—Lys-L_en-Leu—Lys—NHz

25, [D}-L3:4:8,10.K~Ls of the sequence :
* Lys-Lys-Leu-Leu-Lys-Leu-Lys-Leu -Lys-Leu-Lys-Lys-NH,
30 In the second series of model Lys/Leu 12-mer peptides 26-27, two thirds of their
sequence were composed of D-amino acid residues, at the exact positions of the L-amino

acid residues of peptides 23 and 24 as follows:
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of the peptides 22-29 against hRBC was tested. A dose response curve for

t'he henol ytic activity of the peptides 22-25 is shown in Fig. 12
wher ei n ywa7hes®! ytic activity of melittin served as gctat¥noebes A
direct correlation was found between the hydrophobicity (Tabl e 4) and

the henolytic activity of the diastereoners. Peptide 22, [D -L[err]- 25
Klerr], wvié.qbihelss o0& 12,6/7d8 - kylg, afftediegjubnce; Was t he most henol ytic

pepti de. However, its hemolytic activity is very low in conparison to
mel ittin (>60 Lokl euebeu-BeiLysdion-Low L ehhBys-Leu-I¢uiEys-Neyti des showed no
significant hemolytic activity up to the maxi num concentration tested
(100 [err]M. The henolytic activity of peptides 22-29 is shown in Table 5.
It shoul d27. (D}-Kb& 7l 2H260HLKal v herthb sqpheede 23, [D]-Llerr]-Klerr]L[err],
is not henolytic at concentrations 30 >100 fold of those required for

si gni fs cant hel@-lains @yLewLiysilign-Ly$-E eadiyscleduyL bu-d¥sNHACI d

41 WO 97/ 31019 : ' ' £

PCT/1L97/ 00066 form has been shown in a recent study to have '
henol yti ¢ act il aythirdrseties of madehLysfLengieptidésna 6-mer (anl & Bimler! disst¢retmersnut
et al., 1994 were also tested for their

: . co L | des 22-
ant i bact eWf Sﬂ%ﬁ%@@?&&ﬁﬁﬂgﬂ%ifesws@m ative set of bacteria, in

which tetracycline, dermaseptin S, and nelittin served as 5 controls. The
resul t ant : wn in Table 5. The data show that the antibacterial
activity %#\A[Ba‘eegﬁéggﬁﬁe%?‘ﬁfn% was nodul ated by the bal ance between
hydr ophobi city d Rosi tively charged am no acids. Both the nost

hydr ophobi c peb‘?’f’&g“gﬂﬁ'ﬁb‘"ﬁﬁr@uﬁ%t " hydrophilic peptide 25 displ ayed
the |l owest range in antibacterial activity (Table 5). However,
peptides 23 and 24 displayed high antibacterial activity agai nst nost of

the 10 b;;,t]_e?ﬂ,éq(@g eef thie lsbquehee:f or mer being slightly nore potent.

Furthernore, each peptide had a uni que spectrum of antibacteri al
activity, and tgsiLetebewndienw-cLysLenligailiyst G am positive as conpared
to G amnegative bacteria. . - 3.6 Synergistic effects between

tetratycline and the Lys/Leu di astereoners in serum 15 To investigate a
possi bl e syner §nghercLysdhen digsisrepmerscacqerding tocdthe inviention that werersyothesizeds and

t he di ast i test ' -fold serial dilutions

agai nst ngm%&?u@iﬁkgﬁﬂ%@%"(@mg#l n the presence of a
constant SulysLéi LeplaaLysdieullys(lled Eys Lok Leu Lys

' 32.LysLeu Leu Leu Lys LeuLys Leu Lys Leu Leu Lys

20
3.2 Synthesis of LysILéu' diastereomers - The peptide's. were sYnihésized as described in
Experimental Procedures, section (ii). The peptides were then characterized with regard to
their structure, biological function and interaction with bacteria and model membranes
composed of either zwitterionic 6r negatively chérged'phb'spholipids.

25

3.3 Hydrophobicity. The hydrophobicities and net positive charges of the peptides 22-25
are listed in Tabl.e 4, Mean valﬁes of hydro’phobicity were calculated using consensus
value of hydrophobicity scale (Eisenberg et al., 1984). As shown in Fig. 11, a direct
correlation was found between hydrophobicity and the retention time of the peptides,
30 suggesting that structure does not sigxii_ﬁcantly_ écintribute to overall hydrophobic
interactions with the stationary phase. | - |
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of peptide 24, [D-L[err]-Klerr]L[err] Antibacterial activity of the

m xt ures was determ ned as described in Experinental proceduresb
section (xii) WQg7/31019 A synergistic effect was observed bet RESALITO0066
tetracycline and the diastereoner 24. Tetracycline shows little

activity against P. aerugi nosa. However, V\:hﬁn rin'%ed with 1[err] M

sol ution of peptide 24, a concentration whi t#01€410 fol d [ ower than that
required for |yl : | Vi i ' n eight fold

i ncrease in theﬁggrtof’e???ﬁ%?hctyg%%gﬁglqﬁ%!\;%%/E% Hﬁk% sere\yég'd (Table 6). A
possi bl e explanation for the sypergistic effect is that the peptide 25
slightly disrupts the bacterial wall which inproves partitjoning of
tetracycline i nPeptidedDesignatignct eria. MNEtLhates uppor t Sdydrpphokieity on

m croscopy siudies which show that belowits M C, peptide 24 causes
nmor phol ogi ¢ ctramges—T e Pacterat—wat—(Frg-—t2) aodrtons
the effect of pool edgpuman - serum on the apfi bacterial actgqpty of peptide
24 and the native antibacterial peptide dernaseptin against P.

aerugi nosa and E. coRB.was found 30 to dt¥fer considerab0Pl( Table 6).

Whi | e dermaseptin wa? 8-10 fold less actiye in the Pp&3ence of serum
pepti de 24 retained f‘s anti bacterial activity. :

42 WO 97/ 3101932, +8 -0.42

PCT/1L97/ 00066 WO 97/ 31019

PCT/ 1 L97/ 00066 : — - Table 6

M nimal Inhibitory Concentration ([err]M[err] in the presence of human

serum and synergistic activity of peptide 24 5

M ni mal 1 nhibit .WCﬁ)ég&?:tds@&' 2NThe [eRfent WF the ‘g-helical structure of the diaster R22-25
aer ugi nosa (ATC%—2785 By E. coli [D21) Pepti de Des?sgng?xlngrr?

0% Ser um 33% Semwasdetermined from thei¥CBespectra in 40% IFE. AScexpeeted, after incorporation of D-

amino ‘acids, no signal was observed for all the diastereomers, demonstrating the lack of

15 any specific se_cohdary structure (data not shown). It is to be noted that in a recent study, a
peptide with a sequence identical to that of peptide 23; but composed of only L-amino
acids, was found to have about 40% a-helical structure in methanol and in DMPC
vesicles (Comut et al., 1994),

20 3.5 Antibacterial and.hemoly.tié activity of the peptides 22-29. The hemolytic activity
of the peptides 22-29 against hRBC was tested. A dose response curve for the hemolytic
activity of the peptides 22-25 is shown in Fig. 12 wherein the hemolytic activity of
meli_ttiix served as a control. A direct correlation was found between the hydrophobicity
(Table 4) and the hemolytic activity of the diastereomers. Peptide 22, [D]-L3:4,8,10.

25 K3Lg, which has the highest hydrophobicity, was the most hemolytic peptide. However,
its hemolytic activity is very low in comparison to melittin (>60 fold less activity). All the
other peptides showed no significant hemolytic activity up to the maximum concentration
tested (100. uM). The hemolytic activity of peptides 22-29 is shown in Table 5. It should

 be noted that although peptide 23, [D]-L3:4:8,10.K 413, is not hemolytic at concentrations

- 30 >100 fold of those requiféd for signiﬁcant hemolysis by melittin, its entirely L-amino acid
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10 24 ' 10 10 7

7 Der maseptin S 25 200 6

50 Wb 50 Tc+24 (1 [err pMrmLo700066 6
15 [err] Results are the nean of 2 independent experinents each
performed in duplicates, wi th standard deviati on of 20%

[err] Tc - fomm hasbesn shewn ing recept stude p hake-hemblyticchctivitp simitar pe thae of hlittin

Vari ous cgn t.rat S _of .pepiddes were - mxed with vesicles that had
been pret r'é'g?@f} leﬁsi @qrngt ?tla'g’oideggg‘ent dye, di S-C2-5, and val i nonyci n.
The ki netics of r r [ e maxi. mum

fl uorescence | e%*ssv%tgdégeﬁgﬁﬁgg gge\;t@%wudr]\gtaﬁséﬁagfahgéﬁ?%gd%%& ntEAS

(Fi g. 13) representdtivecshboibacterial in edich eradyblind,)detminseptin 5 and wdittin Sdrvid)&s
phosphal i pid co sitiqn o he 2 outer. erythrocyte leaflet (Verkleij et
PO 8 s oty Ebersesdiaat MIES Sre shor i TANE & +The dala shav st hestntibacterial
phosphol i Rk@v: | didsPdde : | - i ' correl ati.on_was
f ound bet \%gg%ﬁfﬁg@%gl enti a ergg Zﬁedv%s(e@tﬁ | gtse&?: y%%rb @eag %ﬁe?n%’a%? {%‘ﬁ FPhi d
menbr anes and positivellyt dharged| apiing aeids.i Botly thegnbstydesphbbicqeptias 22 2¢ld The Aokt
Only the t;,(; | yi.lcC pep&iﬂg(ﬁé perneated the. zw tterloni c phospholipid
vesi cl es. M&m@,‘ e layed, thes lowest Fangei incantibgcterial petivitya(Eabhe/ NG
vesi cl es t ' t ' s | VI of.. £ he peptides ai nst
£ ool ( TALflet) Pt} 23 440 20 RN M) alfibockirlel oBiiviy 3eiBN, mostof B 1.
al so had bacteriaitged withihd foriecheing skignly mbieypdtentD FuBeinforE HaRP pepRiShas

conpared to the other three . .peptj des 22-24. _
44 a umigyne spectnyy of antibacterial activity, and each was active more against Gram-

PCT/ 1 L97/ &5 ;@E_r ) py-study of bacterial lysis. The
ef fect of q’tg%g@ghaség?%lf%gﬁers n§§ e%&gﬁgt he norphol ogy of treated E. coli

was visualized using transm ssion electron =~ . microscopy. Al the
peptides caused total |ysis of the bacteria at the MC (data not
shown) . - H3veSxnergigtic effects batyyeen, tefragycling and ithe LysfLeydisstereomers in serum.

cort£380n ey, 9 il S8y Shh S S RSP

of the treate ri‘fa were > observ
used. The thodiasteysbnsiciracypliyed el tédfedcinlzfs1d tseflal dilutioft Sfaifst PaRdbRokLe

cell wall and nenbrapes, while the |east hydrophobic peptide 25 only

caused | o@8rugissay (ALCCAS58 Hngthe prgsence of a constant equimoiar concentration (1 uM)
of peptide 24, [D}-L3:4:8:10.KsL7 Antibacterial activity of the mixtures was determined
as described in Experimental procedures, section (xii)._

20 A synergistic effect was observed between t'etr'ac"y;:'liné and the diastereomer 24.
Tetracycline shows little activity against P. aeruginosa. HoWever, when mixed with 1uM
solution of peptide 24, a concentration which is 1 0 fold lower than that required for lytic
activity against P. aer'uginosa,"an eight fold increase in the actiﬁty of tetracycline was
observed (Table 6). A possible explanation for the synergistic effect is that the peptide

25  slightly disrupts the bacterial wall which improves partitioning of tetracycline into the
bacteria. This is supported by electron microscopy smdicé which show that below its
MIC, peptide 24 causes morphological changes in the bacterial wall (Fig. 14). In
addition, the effect of pooled human serum on the antibacterial activity of peptide 24 and
the native antibacterial peptide dermaseptin against P. aeruginosa and E. coli was found

30 to differ considerably (Table 6). While dermaseptin was 8_-1_0 fold less active in the

presence of serum, peptide 24 retained its antibacterial activity.
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10 EXAMPLE 4. Synthesis and biol ogical activity of nodel Lys/Al a and
Lys/ Val di ast ereoners. 4.1 Diastereoner design. To further

exani he whet hwo ssH01%t i ng hydr ophobicity and the net posi tRGEIONANEE

of linear cytotoxic peptidesgdi
anti bacteri al activity, g
34- 37, conposed of Lys/ Al a

sufficient to confer selective
fyrther nodel 12-ner peptides 33 and
ar 85 LYyS/ V&l PesPdu®s, S eSpectively! wilt

h at

| east one third of their seer[;ces being of DAl a or D-Val residues,

wer e synt hesi zed: 33. ®DI®Alerr]-Klerr]Alerr] of the sequence:
Lys- Al a- Al a- Al a- Lys- Al a- Al a- Al a-Lys- Al a- Al a- Lys- NH2 20 34.
[Dl-V[err]-Klerr]V[err] of the sequence: .
Lys-Val - Val - Val - Lys- Val - Val - Mal Lys-Val - Val - Lys- NH2 35. Lys Vval
Val Lys VaL Lys Val Lys Val MalZlLys 36. Lys Val Val Val Lys
Lys val Lys Val Val Lys 257 37° Lys Vv Val - Val kyspVapg Lys Val Lys Val
Lys 4.2 Synthesis. e dJys.L.AIa a&d ByspVvalg d@s@rqprr@ @ere
synt hesi zed as described in & Experinental Procedures, section (if
30 4.3 Antibacterial and hemplgic activity. Peptides 33 and 34 wer¢

tested against E. coli and B. negaterium and hRBC. 'The results |
Tabl e 7 show t hat both jnbdel Hdi astereoners. - are anti bacteri al anrd
non- henol yti c: 45
WO 97/ 31019
PCT/ 1 L97/ 00066 Table 7

h

M ni mal | nhibitory Conde ayy OE (terv] and fenmol yid ¢ actvidhy e@f t
pepti des 28 and 29 r%’ _'—-°°'nmoo -

/-\.
A
wn
o0
= a o
= \
« U"\ =N = R = = R o
N o o & . v
- 8~——Azzzzc~:~%
<
S’
P S
— o O A o N0
=) o O : g
;S.N-q-.NNZ'ZZZnN-—
g’
~ . .
Q ' o
o) v o S hg!
T oM~ 80 Y~ A M0 on
)
c L
_ £ L
N N T W O I~ i< =
NNNNNNgﬁg’.:E
. g £ B
E = S
o L o
A 2 -
43

SUBSTITUTE SHEET (RULE 26)

Val
al
Val

).

n

D

.

a. Results are the mean of 3 independent experiments each performed in duplicates, with standard deviation of 20%



R

5 - M nimal I nhibitory Concentration ([err]M

Pepti de Designation E. coli B. megaterium %
henol ysi svo 97131019 (D21) " PCT/IL97/00066 B1L1)
at 100 [err] M 33 _

1 ' 0 10 34 3.5

0.8 0 EXAI\/PLET?Pleéynt hesis of further model

di ast ereoners The follow ng nodel -di astereoners according to

the invention conposed of 15 sequences of 6, 8 12, 14, 16, 19, 25 26 and

38L

I le Leu LysLeu ‘ 39. | H eu

syntheS|zed Leu

Leu 4 Arg Leu Leu 20 41. Lys Pro Leu H's Leu Leu

42. LyssLeu Ile Leu Lys Leu Val Arg 43. Lys Val Phe His Leu Leu H's
Leu 44. H's Lys Phe /vﬁil Lys leu. - 5 Lys Pro Phe His Ile
LeuH is Leu 25 46. Lys I e | Le Lys 47.
Lys Ile lle lle Lys Ile Lys Ile Lys Ile Ile: Lys 48. Lys lle lle
Ile Lys Ile Lys Ile Lys Ilepl . , Il e Lys
Ile Lys Ile Pro Lys i 50. e—Vval

afh  33% Seram A 9

Lys 30 s ' { 2

IIeIIeIIeArg IeAngIe ArlquIeIIeArg 53. Arglle Tle TTe Arg
e A bolleArglzl"eIIe Arg 54. ArgQIeVaI lle Ard Ile Arg IMe Arg
Leu Ile Ar 46

57/ 31019 BPermaseptin S 25 200 6 50
PCT/ | L97/ 0W8%6 - 55. Arg I8¢ Val Arg lle Arg Leu Arg lle lle Arg

56. Arg |l d IIeAr Leu Arg Val Arglle Ar
g .(f. 3’ g 96 g | g

15

. Results are the mean of 2 independent expenments each perfonned in duphcates,
with standard deviation-of 20%. _

® Tc- Tetracycline

20 3.7 Peptide-induced membrane permeation. Various concentrations of peptides were
mixed with vesicles that had been pretreated with the ﬂuere_scent dye, diS-C»-5, and
valinomycin. The kinetics of the fluorescence recovery was monitored and the maximum
fluorescence level was determined as a function of peptide concentration (Fig. 13).
PC/cholesterol vesicles (10:1) served as a model of the phospholipid composition of the

25  outer erythrocyte leaflet (Verkleij et al., 1973), and PE/PG vesicles'(7:3) was used to
mimic the phospholipid composition of E. coli (Shaw, 1974); A direct correlation was
found between the potential.of the peptides to permeate model phospholipid membranes
and their lytic activity against erythrocytes and E. coli . Only the hemolytic peptide 22
permeated the zwitterionic phospholipid vesicles. Furthermore, the ability of the peptides

30 to permeate PE/PG vesicles correlates with the antibacterial activity of the peptides against
E. coli (Table 5). Peptide 25, which has the lowest antibacterial activity, also had
significantly decreased ability to permeate PE/PG vesicles eompared to the other three

peptides 22-24.
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57. Lys Ile Val Ile Arg lle Arg lle Arg Leu Ile Arg 58. Arglle Ala
Val Lys Trp Arg Leu Arg Phe Ile Lys 5 59. Lys Ile Ay Trp Lys Leu Arg Val
Arg I1le Arg wo97/8®19 L ys Lys Ile Ay Trp Leu Ile Ile Arg Val Ar ECRAL97/00066

61. Arg Ile Val IIeArgIIeArgIIeArgLeuIIeArgIIeArg 62. Arg
Ilelle Val Arg Ile Arg LeuArgIIeIIeAr Val Arg %Vé
lle Arg  Leu A le%rn RYSrasE@py m x rvdﬂvsm Tohe effesrtsof the Fer‘quéefAr%}‘ﬁ

: : g ﬁg ? ,ﬁleﬁ A'rA\ Ebg Lﬁ%e|+§?ﬁﬁﬂ>§5’:§ts‘ I Ar 5 091 was Q%galo%e% hl’l?lg @Yﬁsglﬁﬁ glectron
Ala Arg Val Ar gnidréscﬁP ¢ VAll thespeptides baused tota$7ly51é\rcﬂ' t!hEﬂJdc{teaV@t' the MIC' &iata not

Leu Arg Ile Ile H's s Ile Arg Leu 68. Hs |le Ay Ile Lys Ala H
‘Val Arg |le ||shopmy \Howeyes, when the peptidesowers wtilized atyrrondammms Idoa'ehjntmdmg to

‘Leu Arg Tyr _II S. | r e 10, LysII Lys, Al

Val His lie? |28d58/g°‘L§’r° WQA J ?*é’fmmes 13 the tarmholo %Yy 8&@‘? t%aﬁedﬁ@tqs%owere
H's Pro Arg Tyr erviedSd Qx theL de used.’The Ri6s

Arg Pro His 11 eOHIsI e %r géﬁﬁér ys‘fJe Ile ?ébtx = e .e Lyéﬁ?&g%/gbﬁlp%gﬁ%\éréi\%@‘sed the
Arg Il e Arg Leumbstalamageito ¢hergall walkand gxen;hmdsewude tigoleast hydrokhgbic peptitle 25 only
VAl LysIIeArgLeu@&glllelleL LY@IIeArgLeuIIeLys Lys 75.

Lys Ile Ay T pertpriations (ke lle Arg Val Lys Ile Ay Arg Leu Arg
76. Lys lle VaI IIe Arg Ile Arg Ile Arg Leu Ile Arg Ille Arg Ile Arg Lys Ile

Val Lys Val Lys Arg Ile Arg 77. Arg Phe Ala Val Lys Ile Arg

Leu Arg Il etol | eEX;AEMPhE |4. eSynthesie uand diblogida) sadtivity?of mddel Lys/Aldr gnd/alys/Val
lle Lys 78, Lys Ala @y Trp Lys Leu Arg Val Arg lle Ile Arg Val Lys

lle Ay Arg Leud‘Ath"?_%ers lle Ay Trp Lys Lys Arg Val Arg lle Lys

79. A Ile T "

50 L3S Pro & yhliimpitRedfule dbstpf1d A anihé vt Kiod ot and the
81.Lys Ile Val hét@oéngelchergbloﬂmear clytatosic peptidesis szﬁicmcgcdnf& del&nVﬁhnubactcnal
82. Arg lle lle Val Lys Ile Arg Leu |le Lys:Lys Ille Arg Leu Ile Lys

47 \CRasivityy gwo further model 12-mer peptides 33 and 34-37, composed of Lys/ Ala or
PCT/ 1 L97/ 00066 |

Lys Ile Arg LysNag%gxq_ q?%ﬂe Wﬁ‘ﬂ; mﬁﬁ?&ﬁr Arg |‘1§%A}r geiﬁﬁée?ﬁfmge TR or
Arg Ile Arg SerDLVdrVﬁHues,weBésydtbesszdo lle H's Lys Al a Thr Ile lle Arg

Tyr Lys Met Ile
33. [D}-A3.4.8 1O—K4A3 of the sequence:

Lys-Ala-Ala-Ala-Lys-Ala-Ala-Ala-Lys-Ala-Ala-Lys-NH,

20  34.[D}-V3:4.8,10.K4Vg of the sequence: |
Lys-Val-Xal-_‘Lal:LyS-Val-Val-¥__gl:Lys-¥al—Val-Lys—NH2

35. Lys Val Val Val Lys Yal Lys Yal Lys Val Val Lys
36. Lys Val Val Val Lys Val Lys Val Lys Val Val Lys
25 37.Lys Val Val Val Lys Val Lys Val Lys Val Val Lys

4.2 Synthesis. The Lys/Ala and Lys/Val diastereomers were syxithesized as described in

Experimental Procedures, section (ii).

30 4.3 Antibacterial and hemolytic h'étiVity. :'Peptides 33 and 34 were tested against E. coli
and B. megaterium and hRBC. The resuits in Table 7 show that both model diastereomers
are antibacterial and non-hemolytic:
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5 EXAMPLE 6. Synthesis and biological activity of cyclic diastereoners.
6.1 Design. The follow ng cyclic derivatives of diastereoners of pardaxin
f r agment g943io1s cysteine residues at both the N and ColcqiibhhdooktE" ©

synt hesi zed: 86. Cyclic Klerr] [1 22] par of t he sequence:

Cys-Lys-d y- Phe-Phe- Al a-Leu-1le-Pro-L ?Ile-Ser- 10

Leu 87. Cyclic Klerr]K[err][D] ] Llerr]L[err] [I-22]-par of the
sequence:

Cys- Lys-Lys- dy- Phe- Phe- Al a- Leu IIe Pro Lys | I e- IIe Ser -

Ser - Pr o- L pMiinkfigt-Tnkibitoh D ' il - ) K2K3

[D]P[err]L[err]L[err] [ 1- 22] par of the sequence
Cys-Lys-Lys-Lys-Qd y- Phe- Phe- Al a- Leu Il e- Pro Lys IIe Il e-
Ser - Se$ - Pr o- Leu- Phe- Lys- Thr Minimal Inhilsitc itatio The
followi ng cyclic derivatives of di astereorrers of d| fferent amino acid

resi dues W th cysteine reS|dues at both the N and Ctermni were

synt hesi z&gptide Designgipn oyclic Oys ng”l | e VaPB- megateriym « Arg b bemplysiseu
lle Arg Ile_Arg Cys 25 00 _Cyclicf ,@_J#s_Er_n_@leBus_l_ys_Al_a_aAum_ﬂm Hi s

IIeIIeArgTy 3LysIIeIIeQ/s 1 91. Q/cllcQ/iArgPheAlaVa Lys Ile
ArgLeuArgIIe3IIeLys LysIIeArg?_euIIeLys ys |le
Arg Lyg Arg Valzgll e Lys Cys $52 Synthesis ofgghe cyclic

di astereonmers: The cyclic peptides were synthesized by a 30 sol i d- phase
met hod as._described in Experinental Procedures section (ij), wWih cysfeine
residues at both the N and Ctermni of the peptides. After HF cl eavage and

RP- HPLC - 48 WO 97/ 31019
PCT/ | L97/ FSSAMPLE 5. Synthesns of further model diastereomers

_ ~ The following model dlastereomers according to the mventxon composed of
s sequences of 6, 8, 12, 14, 16, 19 25 26 and 30 residues of two, three or more different
~ amino acids, were synthesized:
38. LysLeuTle LeuLys Leu
39. Lys Yal Leu His Leu Len
40. Leu Lys Leu Arg Leu Leu
20 41.LysProLeuHisLeuLeu
42. Lys Len Ile Leu Lys Leu Val Arg
43. Lys Val Phe His Leu Len His Leu
44. His Lys Phe Arg Ile Leu Lys Leu
45, Lys Pro Phe His Jle Leu His Leu o
25 46. LysTle Ile He Lys Il Lys Ile Lys Ile Ile Lys
47.LysHeIle Ile Lys Ile Ljfs IeLys IelleLys
48. Lys Ile Ile Ile Lys Ile Lys Jle Lys Ile Ile Lys
49. Lys Ile Pro lle Lys Ile Lu lie LyslleProLys
50.Lyslle Prolle Lys Ile Lyslle Lys Il_e_Val_ I.;ys
30  51. Arg Ile Ile Xle Arg Ile Arg Ile Arg Ile lle Arg
52. Arg lle Iie Ile Arg Ile Arg Ile Arg Il¢ Ile Arg
53. Arg le Ile le Arg lic Arg Ile Arg lle [l Arg
54. Arg Ile Val Ile Arg Ile Arg le Arg Leu Ilg Arg.
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purification the peptides were solubilized at |ow concentration in PBS (pH
7.3), and cyclization was conpleted after 12 h. The cyclic pe tldes
were further M@P?’?’@@on RP- HPLC and subjected to am no aci

to confirmt hel r corrp03| tion, and SDS- PAGE to confirmtheir rmnorrerl C
state. 5 HE?’aﬂ@h’ ;e chr@ ey Add Hle MetArgi ty. Peptides 86-88 were
tested agai nst E CO|I an & negat erium and hRBC. The results in Table

8 show that all56. m:gdlmﬁﬂllcéﬂaﬂéamwwé?ﬂﬁée‘gdl astereoners are

ti bact I h

'?'gb: eag erie gf %ﬁﬁ%&%%%%ﬁ““ﬁﬂerr] M and herml ytic
t t f th

zl\i/ICn: \r/nlal yI ﬁhl bi ?ggiﬂéﬁ%%}'gn xzp[ er gF%fMEM' ept ?ggeE)Zm gnat i on

E. coli 5 B. s9gatlte GiwTrp Lys Léo Acg¥a)Arglle [le Arg

D21 Bm 11 - 100 [ 86

éo : | ,66- Lys Lgmﬂeﬁ'HTfP Leu 116 e Af_g(iég'lgmg 87

15

7.5 61-Arg °VameA’gn§A’gmAp%Le“m‘42‘§u‘E§%/PLE 7. Synthesis

and bi ol ogi cal ggtAwg lewmwgmﬂfglﬂA[@ ast er eoners.
7.1 Design. Usin as te | at e peptide 23 and_as nononers peptide 23 or 24

with an ad63:ArgHe Gly De AngdqucAreiVial Arg He lleArgahngiVals (23C and 24C,

(TOF L] err) Yo Bl DN oprrp e ARE b AR ALRE AU MR RENRET . >0 °%

(Lys-Leu-Leu -Lgs: mwmysuwmmwgmaﬁsmmwl Lys- Leu-
Leu- Leu-Lys-Leu- Leu Leu- Lys- Leu- Leu- Lys- NH2
49 66. Lyslle Gly leLstlaArgl}_/nlA:g.llellgArgXales_Ilellg
GT.MgngIElﬂHlsIleAmLsnMgn:lkmeﬂl:ArgL&n
68. His Ile Gly Ile Lys Ala His Val Arg lle Ile Arg Val His Ile Ile
15 69. Arg Ile Tyr Val Lys lie His Leu Arg Tyr Kle Lys Lys Ile Arg Len
70. Lys lle Gly His Lys Ala Arg Val His Tle Ile Arg Tyr Lys lle Lle
71. Arg Ile Tyr Val Lys Pro His Pro Arg Tyr Ile Lys Lys Ile Arg Leu
72. Lys Pro Gly His Lys Ala Arg Pro His Tle Ile Arg Tyr Lys Ile Ile
73. Lys Ile Val Ile Arg Ile Arg lle Arg Leu Ile Arg Ile Arg Ile Arg Lys Ile Val
20  74. Arg Ile lle Val Lys Ile Arg Len Arg Ile Ile Lys Lys Ile Arg Leu Ile Lys Lys
75.Lys lle Gly Trp Lys Leu Arg Val Arg Ile Ile Arg Val Lys lle Gly Arg Leu Arg
76. Lys Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile ArgllgA:g_LysngValesVal
Lys Arg Ile Arg
77. Arg Phe Ala Val Lys Ile Arg Leu Arg Ile Ile Lys Lys Ile Arg Leu [le Lys Lys Ile
25  ArgLys Arg ValIleLys
78. Lys Ala Gly Trp Lys Leu Arg!alA:g_IlellgArgygl].m_Ileﬁlx.ArgI&uArg Lys
Ile G_lzIm_Lxs Lys Arg’ XalA:g.Ile Lys
79. Arg Ile Tyr Val Lys Pro His Pro Arg Tyr Hle Lys Lys Ile Arg Leu
80. Lys Pro Gly His Lys Ala Arg Pro His Ile Ile Arg Tyr Lys Ile Ile
30  81.Lys Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg Ile Arg Lys Ile Val
 82. Arg Xle Ile Val Lys Ile Arg Leu Arg Ile lle Lys Lys Tle Arg Leu Tle Lys Lys
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93. ([D]-L[err]-Klerr]L[err]CJ[err] [Dl-Llerr]-Kerr]L[err] of the
sequence:

(Lys- Leu-weowrsmus Lys- Leu- Lys- Leu- Lys- Leu- Leu- Lys- QIS NH[ er rddiriofbhodey S- Leu-
Leu- Leu- Lys-Leu-Leu-Leu -Lys-Leu-Leu-Lys-NH2 5 .2 Synthesis. In order

to produce tenpl ate-bound di astereoners, 1:1 nolar ratlo of DCC and

br onoacet 883. mmm&lﬂﬁmmdlk&tdmnm%m%gM] C for Ih. The
tenpl ate g&&tgﬂ%gi‘%%gaﬂged mM| on_m xture _and | eft under
agi t at i on3fdys apie. Arg ArpPRriAngSen liei¥ial r enai ni ng
br onpacet ' G2 | i TTAYS Lo e ¥ v enpl ate was then
react ed wbgwggég‘ﬁg?t%m%%mp &:@%el ne 10 residue
at their Ctermnus, in PBS pH 7.3 at 25 [err]C for 1 h. The tenpl at e-bound
di astereoners 92 and 93 were further purified on RP-HPLC, and exam ned on

SDS- PAGE EXAM(P(LE énPynthesis and biolggis g ativityaf syelic diastereonfers, Ant i bact eri al

35" an o bpetih Tt ookt bR QERAEE BBt SHERTE ariRin gimenir et

results lBy&fﬁh&ks?d&bﬁWbbﬂﬁﬂxeb@tahd@&@hﬁnWb'@ﬁﬁﬁésxz%He anti bacteri al and

non- henol yti c. Table 9 20
M, al 186 Oytte KIGDIRSGUL 0 n22ga of b sl vt 10 acty iy of (e
([err]M PeptQSGel'!%@bgﬁkﬂ-PbﬁAla'Leu'lle'l’.l'.Q*LYS-Ee-Ibfﬂqr- B. negaterium .
% hempl ysi s 25 T veThe.
(() B rzﬂ I”;% | Ois(gg P[r%Le]x &he Lys Thr Logn ngé §er-Al£ 928} b:;'s
0.1 30 EXAMPLE 8. Synthesis and !
bi ol ogi caB7aCydliei Kt m?mﬂadﬁa& {)I-Zﬁ]apa-rofsh& séguendey s/ Leu 12- rfer

pepti de di astereoners. Pepti dgs were synt hesi.zed by a solid phase nethod as

descri bed in Experi rﬁéﬁrlols'b}' Bﬂﬁh@‘gheﬁ%eﬁﬂhfm yyHedle-Ser- each coupl i ng
step a mxture }t | Onmg‘e{?fphﬁﬁg-ﬂﬁw&r_ﬁa_‘)i&l ne and D-1|eucine

was added to the rea '
15

88. Cyclic K1 K2K3 m1p7 I._-.18L19_ [l-_22]_-par of the sequence:
Cys-Lys-Lys-Lys-Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-lle-Ile-
- Ser-Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-Cys

|

20
The following cyclic derivatives of diastereomers of different amino acid residues

with cysteine residues at both the N- and C-termini were synthesized:

89. Cyclic Cys Arg Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg Cys
25 90. Cyclic Cys Lys Pro Gly His Lys Ala Arg Pro His [le lle Arg Tyr Lys Ile Ile Cys
91. Cyclic Cys Arg Phe Ala Val Lys Ile Arg Leu Arg Ile Ile Lys Lys Il Arg Leu Ile Lys
Lys Il Arg Lys Arg Val Ile Lys Cys

6.2 Synthesis of the qyclie.di_:_t_ste_x_'eome_rs. The cyclic peptides were synthesized by a
30 solid-phase method as described in Experimental Procedures, section (i), with cysteine

residues at both the N and C-termini of the peptides. After HF cleavage and RP-HPLC
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synthesis resulted in‘a mxture of 312 different peptides. After HF

cl eavage the -~ "wdter-sol uble peptides were extracted with double
di sti’'ll ed wat e¥o@ddm9and | yophili zed. The wat er - sol uRPICT/IRIN0N66E
of the Lys/Leu 12-mer peptide diastereoners was tested agai nst E. coli

D21 (MC: 15 [err]g/m) and B. nmegateriumBm 1 D21 (MC 3 [err]g/m) and
5 hRBC (0% henppurificatian the(peptide§ Mere Aslubidizedtatdlow isenceatration ¢h (HBS (pH 7.3), and

U L g g ) 15,6 B s s it 0
EXAMPLE 9. Synt o Py ® DEEF 1S -
copol yners. In Oﬂﬁb ﬁﬁcg{bmg%%ﬁ g&ﬁ%ryéxs% BREMHRE: eémg?%&{ %Rl SDS-PAGE

si zes, excess of e resi'dues over initrat rée am no
aci ds were al | owgtednfincthyirenonoemeric state. DVF at 25 [err]C for 4 h

(Kat chal ski and Sel a, 1958). Polynmers consisting of different ratios

of lysine, |éucine and D-l1euci ne were produced using different ratios of

L car SRR BN, PGS el p £ o s

antibacterial ang. higaleriint and hRBCyTh eesulein Tabld Bbsiowd that 10l three cyclic pardaxin-

Tabl e 10 M nimal | nhibitory Concentration {;[ err]M and henolytic
activity of the dgmivadediastercomerspre anfibacteriat and non-hemolytic:

M nimal I nhibitory Concentration ([err]g/m) Am no Acids Ratio

(Mol ar) E. coli megat eri um % henol ysi s 25 Lys:
Leu: [D]-Leuyg (D21) (BmL.1) Table 8 at 100 [err]M

1: 1:1 90 - 15 0

2 1.1 35 8 _ 0

3 :1: 180 . . s ' ' . 0
EXAMPLE 10. Anti oJa 1o vl o2 aC immmeinior

activity of %ngerived peptides 1 and 16 (see Exanple 1
above) was exanmined In sterile 96- wel |l plates (Nunc F96 mcrotiter
plates) in a final volunme of 100 [err]L as foII_ovvs: Fifty

15
Peptide Designation : Ecoli =~ B megaterium % hemolysis
@21 Bm1l) __at100uM
86 30 10 0
20 87 ‘ 15
88 | 75 2 0

25 EXAMPLE 7. Synthesis and biological activity of bundled Lys/Leu peptide
diastereomers. '
7.1 Design. Using as template peptide 23 and as monomers peptide 23 or 24 with an
additional cysteine residue at the C-terminus (23C and 24C, respectively, the following
- bundle-sequences were produced:
30 92, ([D]-L3’4s8s10-K4LgC)5 [D]-L.3’4.'s8’1°.-K4L3 of the sequence:

(Lys-Leu-Leu-Leu-Lys-Leu-Leu-Leu. -Lys-Leu-Leu-Lys-Cys-NH,); Lys-Leu-
Leu- Leu-Lys-Leu-Leu-Leu -Lys-Leu-Leu-Lys-NH,
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WO 97/ 31019 THIS SHEET HAS BEEN

PCT/ 1 L97/ 00066 mcroliters of a suspension contfi ni NREPLACED at
concent'r gid #m1efe | X 106 Col ony- For m ng Units (C T )
medi um ( Sabour aud' s gl ucose broth nedi unm) was added to 50 err|L of

wat er containing the peptide in serial 2-fold dilutions in water.
I nhi bi ti ongpf gy P944lB. 10 [ rmig,qg_%me uring the absorbance at 492
nm wi t h a%c([lg:[)ﬁate au érngéé&ﬁgi ET309 '%Qféf SF‘H%I“F‘Ements), after an

expr ossed as 1 A AL P LS ARl e NE b vk eon
at which Leu- 10846IiysHl&i-Lewleafl-Lgs-Bauatl sirByoNgEr ved after 48 h of

i ncubation. The fingi used were: ' Candi da al’bi cans (| P886-65) and
Crypt ococcus neoformans (1 P960-67). As shown in Tabl e 11, both

tid hc i f I i vity. .10 )
Tab o B 72 Syntesiy’ AR SrdiE b pISHHER s et ABpteesomen, 1-bofasatio of DCC
di ast er eongE blonidutedd adidbiverd alioWel to rddet in DMSO at 25 °C for 1h. The tex%ﬂgm: !
I nhi bitory Concentration ([err]M - : ndl da

al bi cans ~ (peptifg33)owasadded 4o therneaction mixtureapd ileft uiiteriagitatiorofor 12 h after which

| P886- 65 L (4 P96Q: 67) . . - R S
g 5 )the DMSO was lyophl(hz_eé.o%ﬁ rgmaxmng bromgacetic acid was extracted with dry ethers()
150 Th&XMibie Wis tRAEERES WithoGickdd §9/di ' LAY T8fstei
anticancer activity of the Lys/Leu di aslt%etféegﬁrrggési‘%%gﬁ 46?%%%&6]”
Exanpl © 3 msidue)atvtheireCaeimintis,aim PBS pHbTSca25 Wdopdahci Theaempkitd-bouwwl e

seeded at 5-10 000/ | p.96-well mcrotjite S | . Dul becco' s
modi fi ed E‘i‘@fts’?'%s\é\%m‘é Q? Ere t _°&BW§°4I%E‘X?{E‘§L§GF}£ examiped on SHS-BAGE ed
pepti de sofglidnfitmitheiP apFrapativ dta8. Were transferred to'the well to give
final concentrations ranging from20 to 150 [err]M Follow ng 1h

i ncubation with the peptides, the viability of t he cancer cell was
nmeasured by Tr bl ue, (0.1%w v). vital staini.png assay. In control 30
experi rrenti’:’t hégggb _'_FH'@'SGPéen'P?- Hic ..vﬁ?"&‘!ldea_hgo ‘P’HBY%"‘P‘E“ Aiastereamers

acti vi {4 esdidefomers 92%RA S %@&s&ﬁ%&?ﬂ Ealb%zhlaga ] Wil AE Gk M%B’S@me

(MQ, the concentration at which 100 Itiron~of gro
observed afeselts in Tabl¢ 9ishowithatiboth biiidle seguendes adra afitibdcterinP arxhimon-hemolytibat
bot h peptides are active agai nst malignant cells.

52 -
' Table 9
20
Peptide Designation - E coli - = B.megaterium % hemolysis
25 (D2 (Bmll) 2t 100 uM
92 | 02 005 |
93 01 002

30 EXAMPLE 8. Synthésis' and biblo‘gi'cal activity of mixtures of -hydrophilic Lys/Leu
12-mer peptide diastereomers. Peptides were synthesized by a solid phase method as
described in Experimental Procedures, section (ii) above. At each coupling step a mixture
composed of 1 eq each of lysine, leucine and D-leucine was added to the reaction. The

50
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VO 97/ 31019 THIS SHEET HAS BEEN
PCT/ 11.97/ 00066 | Tabl e 1 REPLACED
M ni nfal | nhi bsw@ey3i@centration ([err]M of the diastereoners
nouse adenocar i noma. _ _ _ h M ni mal | nhibitory
%Eggn;{jga l)ggr-((: %@ resuited inpg pxtglgccti&reDgtS I391%“_ different peptides. After HF cleavage the
50 10 24 -~ ca d witl . . -
EXAMPLE 12, Act MY{rpphilic peptides were extracted with double distilled ek (ddw) and lyophilized.

15 nrelittin-derived Thedsidssphilicmixtar oftkhe 1(ys{(eacl Emenpeptide dibsterepmersd wdsatested
Leu/ Lys di ast.ereomer-_lise tide 23 (fee Exanpl e 3 aboye) re tested

agai nst Lei shnaagainst E. coli er@gH e8/mal apd &. megaterizvn Babd D2k MISR3 gae/mi)n and

to be assaye [ 7 [h C ' . ' . .
suppl enent edgI wwtﬂ)%&%%l’gs%s\/%nle S%I?‘hr#s Bxa?eacglaf gf %@ﬂ“%maﬂﬁ terial
centrifugation g&ﬁ@go&twﬂ@thehﬁb#gﬁm at 4 [err]C and washed twice wth PBS
(50 20 nM sodi um phosphate, 150 NaCl, pH 7). The washed pronasti gotes

were counted in - a henocytoneter and adjusted to I x 10[err]

parasites/m. A _of, t Qi s,suspensd ke . assayed_ip afinal

vol ume of 100 [ngﬂngmﬂ'ﬁisviﬁ ?%p%"@)l i af’? e?’yﬁﬁ"‘“‘,%fl‘eu random
i ncubation at ZQ?bﬂ?H&sJ I8 orfét 13 PRAIVEE didisteRionie?$ BEpSlimeéa dfWifferent sizes, excess of N-
concentrations of the di astereoners. Anti -Lelshmania activities were

expressed ad0t hearbiomyantiydridhiresiduss ovesinitigar &ee amine acids/Mere allgwed to polymerize in
“noubati on. 1t RMFERsCC foed T Nastalg 83 545, 1 B4y Rofiancrs pusising of iffprsnt ratios
P20, eyt Do Vol s et i
al l antoi ¢ sac ofcatilfbxyanigalyide] d lexineyNcatbodyanhydiide ewds, DHlsncipeNedarbexyanhydride.
e or o Sbene 8nh bl tBF okl ALt Snd SEMSRTAIEY o ek i Tabte
15 10. ' '

Table 10

20
Amino Acids Ratio(Molar) ~  E. coli megaterium % hemolysis
25 Lys: Leu: [D]-Leu (D21) (Bm1l) at 100 yM
1 1 90 15
2:1 :1 .. 35 ' g8
3:1:1 80 | 20

30
| EXAMPLE 10. Anﬁfuhgai activity of the diastereomers - The antifungal activity of
the pardaxin-déﬁved peptides 1 and 16 (see Example 1 above) was examined in sterile 96-

well plates (Nunc F96 microtiter plates) in a final volume of 100 uL as follows: Fifty
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20 nM tricihe, p‘Hf7.4, and stored at -70 [err]C Virus haemaggl utinating

activity vvas o ' 53 WO
97/-310109, a10 e

973 019 . . . . .
PCT/ | L97)v0 éé measured in haemaggl utinating units (EXBS 7&e
mcrolitre contained - 60000 HAU. Fresh human bl ood was obtained from

a bl ood bankcreliterssafoa mtpémlomq:nmmmhgrfmmmt @bneentrationd 6f 1 X 106 Roldty-FOrmiag
eryt hrocytes, Were twice with PBS pH 7.2, and diluted to the desired
concent r atUBlﬁs )’9‘; W\IF?IHJ-"F H@@‘Hﬁésmﬂds SJPF‘PSGH%OthefFlsClIWGX&.S@ddaﬁ@ 50

pepti des f 0, n I.j. OUS

The fi nal cuba %ﬁ;iwas ﬂiwag e?ﬂﬁ{'fn &hgle%?d? dﬂr%ﬁgh% ig‘r&%tgr g‘"ﬁ‘% +‘Eﬂ ngﬁ’
centrif ugaxvas) aeﬁﬁnﬁza%ygnkasuﬁh@ it abbErbaREDMC4IN it Withed Microplate a!u?orééder
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the MC i sTgo(]e [l?, BLM pepudesjlsand 16 showed antifungal activity, -

10
~ Table11
15
Candida albicans Cryptococcusneaformans
Peptide Designation -~ (IP886-65) (IP960-67)
1 35 | 50
20 16 | 120 150

EXAMPLE 11. Anticancer hétivi'ty of the 'di;lstereomers. The anticancer activity of
the Lys/Leu diastereomers 23 and 24 (see Example 3 above) was examined against mouse

25  adenocarcinoma. Cells were seeded at 5-10 000/well in 96-well microtiter plates in
Dulbecco's modified Eagle's medium. After the cells had attached, 20 pl of diluted
peptide solution in normal saline were transferred to. the well to give final concentrations
ranging from 20 to 150 uM. Following 1h incubation with the peptides, the viability of
the cancer cell was measured by Trypan blue (0.1% w/v) vital staining assay. In control

30  experiments the peptide solvent alone was added to the cells. Anticancer activities were
expressed as the mxmmal mhxbltory concentration (MIC), the concentration at which 100%
inhibition of growth was observed after 1 h of incubation. The results in Table 12 show
that both peptides are active agamst malignant cells.
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EXAMPLE 12, Activity of the diastereomers against Leishmania mexicana. The
melittin-derived diastereomer peptide 20 (see Example 2 above) and the Leu/Lys
diastereomer peptide 23 (see Example 3 above) were tested against Leishmania.
Promastigotes of the Leishmania mexicana NR strain to be assayed were cultured at 27 °C
in RPMI 1640 medium suppiemented with 10% fetal bovine serum. Parasite were
harvested by centrifugation at 1200 x g for 10 min at 4 °C and washed twice with PBS (50
mM sodium phosphate, 150 mM NaCl, pH 7). The washed promastigotes were counted in

a hemocytometer and adjusted to 1x 105 parasites/ml. Aliquotes of this suspension were
assayed in a final volume of 100 pl by counting living (motile) cells after 24 h of
incubation at 26 °C in the absence or presence of various concentrations of the
diastereomers. Anti -Leishmania activities were expressed as the minimal inhibitory
concentration (MIC), the concentration at which 100% death was observed after 24 h of
incubation. It was found that for peptide 23 the MIC is 17 pM and for peptide 20 the MIC

is 32 pM.

EXAMPLE 13. Antiviral activity of the diastereomer 23 - Sendai virus (Z strain) was
grown in the allantoic sac of 10-11 day old embryonated chicken eggs, harvested 48 h after
injection and purified. The virus was resuspended in buffer composed of 160 mM NaCl,
20 mM tricine, pH 74, ar{d stored at -70 °C. Virus haemagglutinating activity was
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according to any one of clainms 1-6, ,which i's a iAst e rom
pardaxi n or from fr agivecdcepy.Bioelui. BiopBys. Acta. 323Th'£8-mﬂot| de according to

claim7, in whicht et itive c te +1 js due _to the
nat: ve an‘: no aIC| - co S’lpg m‘!!};'/‘}s%*ﬂ’é‘i’ %edsﬁ“’ tuﬁalﬁ'@iﬁ?‘hﬁ Homang H. G., and
car boxyl groups or Hﬁe q@.‘ﬁ' Ooﬁ 2O 'X@J&’SEPWSQGQ78¢W6Q-4

ve

resi dues and/ or positi ‘Char'ge em cal groups. 7%$he pepti de

accordi ng t oyl ag4n wu,‘mIS:bliaeda,sle.Land&&nﬁ;hrﬂ‘al%leﬂrdmr&hf@ihaﬁaﬁ @ polypeptides
of a fragment thereof to which Lys residues have been added to the

N-t ermi nus and/ or anﬂqﬂdEPmsdmaﬁ’é“g‘ﬂmﬁ%l sutfote solutions Binshemistryn20: 366578 nus.
10. . The pe?%eg??% ’r ﬁ&r@, t}ﬂ)rﬁ{aﬁ,' b. %., %%h%w,f‘@ j.,r R)Vﬁsm, T., Tachibana, K., and

par daxi n-deri ved .
- Patel, D. J. 1991. Solution structure of pardaxin P-2. Biochemistry. 30: 8009-8017.
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herei n designated peptides 1-7, of the sequence: THIS s"EE]]—"M&BEENa

£ e IR ks

A y- Ser- ISer - S&r-Ser- @%- & y2d n- Gu - (NHCH err] PCURTOMG er r]
) : d y- Phe-Phe- Al a-Leu-Ile-Pro-Lys-Ile.lle-Ser-

Ser - Pro- I@Am Lys-Thr-Leéu-Leu-Ser-Al a-Val-NH-CH err]-CH err]-NH err]

3. G y- Phe- Phe-Al a-Leu-Ile-Pro-Lys-Ile-IIl-Ser-

Ser - Pr o- Leu- Phe- Lys- Thr - Leu- Leu- Ser - Al a- Val

61 . . . Ty AMNENDED SHEET
4, Lyd: Q@ y- phé: PR ‘dﬁdh%"'f‘él?sﬂmﬁ Splytic aptivify manifested in that:

Ser - Pr o- lgy- fhRas ¥ gtb:ﬁpamegané/aknd\ﬂﬁeﬁg[ @élrs]wﬁkﬁ%é hohldafirkily

5. Lys-Lys-Qd y- Phe he Al a-Leu-11e-Pro-Lys-1 | e- Ser -

Ser - Pﬁo loggurFing wﬂsnmbmwgbmns@aﬂwgmvarmn&mm@mmdm add] err]

Ser “Pro. m lg?; - qpxﬁ?elyﬁgﬁnélg%y gg:l'xali\:ng ql;(rijl L‘\:/ %ftject on 7ed glood cells or has a
G y- Phe- Ppas;ﬁ@eff@abhlred Bload e¥ifs dtlcBndeatrafions Nk %él'src sr%iﬁafyf dﬂlﬁﬁ\!{?([ar i thae 11

The pepti de according to any .one of clains 1- 6
derived fimsvhicheit mani tssalﬂmnlﬁrmms t'her eof

10 2. A non-hemolytic cytolytic peptlde according to claxm 1, having the following
characteristics: _ |
(@ itisderived froma non-selective cytolytic natural ‘peptide being
(aa) a peptide comprising both L-amino acid residues and D-amino acid residues, or
(ab) a peptide comprising one or both of L-amino acid residues and D-amino acid
15 residues, and comprising an a-helix breaker moiety;
(b) the peptide has a net positive charge Which is greater than +1; and
(c) the peptide is amphipathic.

3. A peptide according to claim 2, which has either
20 (3 no a-helix structure, |
(ii) a non-terminal a-helix structure of a length which is insufficient to span the
width of a cell membrane, or
(iii) a terminal a-helix structure which has a length which is less than half of the
length of the ae-helix structure defined under (ii).

25
4. A peptide according to any one of claims 1-3, having a selective cytolytic
activity on pathogenic cells, the selectivity being manifested in that the .pepﬁde induces
cytolysis of the pathogenic cells at a much lower concentration.';l'mn that in which it
induces cytolysis of normal, non-pathogenic cells.

30

5. A peptide according to any one of claims 1-4, possessing a cytolytic activity
against pathogenic cells of bacteria, virus, fungi, protozoans and mycroplasma..
6
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12. + The peptide accordi eI ected froml T#és SHEET HAS BEEN
melittin- derl ved pepti des herlmmmu ' a} ptides 18-21}1 _of tW:JLACED
sequence: = woo9A$o19 4 y- | - *eu Lys-Val - Leu- Thr - Tbuﬁ,yﬂm“—
Pro- Al a-Leu-1le-Ser-Trp-I1le-Lys- Arg Lvs-Arg-@n-An-NH err]

G y-lle-Ay-Al a-Val -Leu-Lys-Val - Leu- Thr- Thr- @ y- Lei-

Pro- Al a- Leu- | | é8.Ser - Tr A peptideacconding tosclaimyS Bavinglacytdyiic activity agaum)bactena
Gy-lle- Ay- Ala-Val-Leu-Lys -Val-Leu-Thr-Thr-dvy -Leu-

Pro-Al a-Leu-1le-Ser-Trp-1le-Lys-Arg-NH-CH err]-Cl[err]-N7[err] 21.
Al a- Val - Leu-Lysy Val - Le din - . -
Pro--Al a- Leu- I | (Saq- Ser-Tr E?Plggt-@ﬁcg&Ar gé_NE- ?neerc;f]claou_rﬁselr ?’] colelﬁrgrl? bOthD and L-amino
The peptide accamidi iresjdues havixigna &equencgsudhdhttemhbmgehms @Bptnd!ecothﬁnisingl only L- or

desi gnat ed pepti .of . ue Lys-Leu- Leu-Le

) LysgLea Lep- Ee %aq._i Jeq_g@ mﬁg}aﬂng the same amino Xc1d sequence as said peptide, has
62 R nﬁ%urgt d b IE g
conprisirg a non h l'l&\fvtlc yt o?lilt%f}c Ibagpg“(rija I ng t%ﬁe‘{'ny one o ??s(%ﬂngn a
1-13, and aphanvarietpofcelbl |y acceptable carrier. 15. The :
phar maceuti cal conposition according to claim 14, for use in the tneatnent

of infections caused by pat hogeni c organi sns. 16. The pharnaceuti cal

conposi tion accgrding t i |

sel ected from bgct eria, prgﬁaa, il Oy@@%&%@%&@@hﬁ@ﬁm "\G/h'?ﬁgégdm%lfrwmﬂ derived

The phar macaut i frin serdis of from fragernts diréoT aal 2ielicl derivatives Sfthe forepéing.

treat ment of
9. A peptide according to claim 8, in which the net positive charge greater than +1
is due to the native amino acid composition, or is attained by neutralization of free
carboxyl groups or by the addition of positively charged amino acid residues and/or

15  positively charged chemical groups.

10. A peptide according to claim 9, which is selected from a diastereomer of
pardaxin or of a fragment thereof to which Lys residues have been added to the N-

terminus and/or aminoethylamino groups have been added to the C-terminus.

20
11. A peptide according to claim 10, selected from pardaxin-derived peptides
herein designated peptides 1-7, of the sequence:
1. Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-Ile-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-
25 Gly-Ser-Ala-Leu-Ser-Ser-Ser-Gly-Gly-Gln-Glu-(NH-CH,-CH,-NH,),
2, Gly-Phe_-Phe-‘Alé—Leu-Ile-E_m-Lys-Ile-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-(NH-CH,-CH,-NH,),
30 3. . Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-Ile-Ile-Ser-

Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val
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4. Lys-Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-Iie-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-(NH-CH,-CH,-NH,),

5. Lys-Lys-Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-Ile-Ile-Ser-
- Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-(NH-CH,-CH,-NH,),

6. Lys-Lys-Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-Ile-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val

7. Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-lle-Ile-Ser-NH-CH,;-CH,-NH,

12. " A peptide according to any one of claims 1- 7, which is a diastereomer derived
from melittin or from fragments thereof and cyclic derivatives of the foregoing.

13. A peptide according to claim 12, selected from melittin-derived peptides herein
designated peptides 18-21, of the sequence:
18.  Gly-lle-Gly-Ala-VYal-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
Pro-Ala-Leu-Jle-Ser-Trp-lle-Lys-Arg-Lys-Arg-Gln-Gin-NH,

19.  Gly-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
Pro-Ala-Leu-Jle-Ser-Trp-lle-Lys-Arg-Lys-Arg-Gin-Gin-COOH

20.  Gly-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
Pro-Ala-Leu-Jle-Ser-Trp-Ile-Lys-Arg-NH-CH,-CH,-NH,

21.  Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
Pro-Ala-Leu-]le-Ser-Trp-lle--Lys-Arg-NH-CH,-CH,-NH,

14. A non-hemolytic cytolytic peptide according to claim 1 comprising both L-
amino acid residues and D-amino acid residues, having a sequence of amino acids such

that a corresponding amino acid sequence comprising only L-amino acid residues is not

found in nature.
Sheet Has Been Re‘ilaced




VO 97/ 31019 PCT/ 1 L97/ 00066 THIBSHEEFHAS BEEN
di ast ef eomer accor di ng. to cl Emnaﬂl"j"lﬁtm(ﬂ(ﬂ“ rom t he pept i des  REPLAGED n
desi gnat ed’ 23 wo 9281019f t he Lys- Leu- PETILBI06e

-Lys- Leu- Leu- Leu- Lys- Leu- Ldui=Lys- N err] ® 24.

Lys-Leu- Leu- Leu-Lys- Leu-Lys-Leu-Lys-Leu-Leu-Lys-NH2 5 25.

Lys-Lys- Leu-Le-Lys-Leu-Lys-Leu-Lys-Leu-Lys-Lys- NH[err] 26.

Lys-Leu- Leu-Lys-leu- Leu- Leu

Lg; s- Leu- Leu- LguL _Leu- geatg{‘?y icgan{ ? ﬁ{aéprl]u which has a netQ%osmve charge and no a-
Lys-Leu-Leu-Leu hgﬁghﬁﬁﬁne . Lys-Leu-Leu-Leu -

Lys-Leu-Leu-Lys 10 o 'A non-hennlytic cytolytic peptide
according to claim1, mhlch is a cyclic .- diastereoner of a peptide

derived fron1a n sel ectiye c ti.c na ur al ptide or of a

non- nat ur al ?@t ic pept 1\5&&"#‘ %lyuggyt olytic pep%%e acoordg Reskaim 14 er 15, having the
cytolytic conpl HB hhagmﬁ&uﬁ plurality of 2 or nore non- henol ytic
cytolytic pepti s ac ng to any one of clains 1-22, said pepti des bei ng

bundl ed t oget her(apy thas wmmhamrdlmyh&neu@epﬁd& eompuﬁ!deﬂf kra‘ryh(gufaihoh ®feiClRast one
of the peptides. npl ex according to claim 23,

wherein the bundhlé’fi)ahc’@éﬁ'rﬁ%’&j agid alldoﬁ‘t b@ﬂ oneppesitively fcharged yangno rasids amdein which

of the same pept @1 Rent | i.nker. is a
pept i de accordi nége(a?%&ignaﬂeggéegngf an ?@cdecgfﬁéldg %‘srﬁzﬁﬁmﬁ Eﬁlﬁnonl y used

| i nker. 10 2(b) the peptide*hddAned positive charfy WhicH is Grétitetithidr+ Bfand

hydr ophi | i ¢ di astereoners accordin to any one of clains 1 to 22. 25

26. A niéh- hethsirpdo of bydrspgque 1o pasitvely @pﬂgyd@num) aciils isi sugh dliat the peptide

11 oA b S B

according to claim26, 30 conposed of lysine, |leucine and D-|leucine in the
ratio 1: 1: 1, 2: 1: 1 or 3:1: 1 (Mol).
64 17. A peptide according to claim 16, wherein the positively charged amino acid

15  is selected from lysine, arginine and histidine, and the hydrophobic amino acid is selected
from leucine, isoleucine, glycine, alanine, valine, phenylalanine, proline, tyrosine and
tryptophan. '

18. A peptide according to claim 17, wherein the net positive charge greater
20 than +] is due to the amino acid composition or to the addition of positively charged
chemical groups, or which hydrophobicity may be decreased by the addition of polar

amino acids such as serine, threonine, methionine, asparagine, glutamine and cysteine.

19. " A peptide according to claim 18 of at least 6 amino acid residues, in which
25  the hydrophobic amino acid is leucine, alanine or valine, and the positively charged amino

_acid is lysine.

20. A peptide ticcording to claim 19, being a diastereomer of a 6-mer, 8-mer or
12-mer peptide composed of leucine and lysine, in which at least one third of the sequence
30  is composed of D-amino acids.
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V\D 97/31019 . 28. A pharmaceutical conposition conprising a

non- henol:yti ¢ cytol'ytic ﬂl' rding to any one of clains 1-22,
and a pharma 5#cal |y aﬁﬂﬂ"l “Iluulln |m . %@g{' ceutlcal
conposi t MoR2 i sing a ffonfherol%tisc &ytol ytic corrpl ex 5

clainms 23-24, a mxture of hydrophilic peptides according to claim 25 or a

random cop Qi.y mer accof q'.eﬁllg% %&s’t&é&ﬁerzﬁzchzimg'iw cﬁnﬂ Y PGt 16! dh¥ (Peﬁgd?so

acceptabl e carrier. A phar maceuti cal conposition accor
cl ai m 28 oheﬂmddsxgnawdéﬁmwhefﬁmsaqueacﬂ - of infections caused by

Po ol m 30, whedein Itxﬁg'—?akﬁbé@!l tys-Leil kel besdiedoedVhs om bact er L
comosi £1 on_ acomtat e is%%@%"‘iﬁ'%%%‘ L¥S‘F’§2%YS'+@E TR 15 o
cancer.s 25. Lys-Lys-Leu-Leu. -Lys-Leu-Lys-Lsu_-Lys-Lm—Lys-Lys-NHz

26. Lys-Leu-Leu-Leu-Lys-Leu-Leu-Leu 'l.fls-Leu-L&u_an-NHz

27.  LysLeu-léu-Leu-Lys-Leu-Lys-Leu-Lys-Leu-Leu-Lys-NH,

28. Lys-Leu-Leu- Leu-Leu-Lys

29. 'Lys-l.&u-Leu-Lm - Lys-Len-Leu-Lys

10
22. A non-hemolytic cytolytic peptide according to claim 1, which is a cyclic
diastereomer of a peptide derived from a non-seléctive cytolytic natural peptide or of a
non-natural synthetic peptide.

15 23, A non-hemolytic cytolytic complex consisting of a plﬁrality of 2 or more

non-hemolytic cytolytic peptides 'accordiné to any one of claims 1-22, said peptides being _
bundled together by the use of a linker molecule covalently bound to each of the peptides.

24, A complex according to claim 23, wherein the bundle is composed of 2 or
20  more, preferably 5, molecules of the same peptide or of different peptides, and the linker

is a peptide according to any one of the preceding claims or a commonly used linker.

25. A non-hemolytic cytolync mixture of hydrophlhc diastereomers according
to any one of claims 1 to 22. '

25
26. A non-hemolytic cytolytic random copolymer consisting of different ratios

of a hydrophobic, a positively charged and a D-amino acid,

27. ' A non-hemolytic cytolytic random copolymer according to claim 26,
30  composed of lysine, leucine and D-leucine intheratio 1:1:1, 2:1:10r3:1:1 (Mol).
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28. A pharmaceutical composition comprising a non-hemolytic cytolytic peptide

WO 97/31019 PCT/IL97/00066

according to any one of claims 1-22, and a pharmaceutically acceptable carrier.

29. A pharmaceutical composition comprising a non-hemolytic cytolytic complex
according to claims 23-24, a mixture of hydrophilic peptides according to claim 25 or a

random copolymer according to claims 26-27, and a pharmaceutically acceptable carrier.

30. A pharmaceutical composition acdording to claim 28 or 29, for use in the treatment

of infections caused by pathogenic organisms.

31. A pharmaceutical composition according to claim 30, wherein the pathogenic

organism is selected from bacteria, fungi, protozoa, mycoplasma and virus.

32. A pharmaceutical composition according to claim 28 or 29, for use in the treatment
of cancer.
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