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PCT/ I LO8/ od&?”’mﬂ PATHOGENI C SYNTHETI C PEPTI DES AND covPos! TIRg /0008t
COVPRI'SI NG THEM 5 FI ELD OF THE | NVENTI ON The present invention concerns
‘novel non-henolytic cytolytic agents, conpositions conprising themand .
their use-in the treatnent of diseases or disorders and in agriculture. 10
BACKGROUND OF THE. 1 NVENTION In the text below, reference is being nade to
pr| or art docurrents “the conplete particulars of which can be found in the
"Ref erences" ‘section at AN’Q‘IB&'MMGENQCMTHEHGPEPHHMSB the clains. 15
The increasing resi stance of m croohﬁa!g&srrs to the avallable antin crobial
drugs has resulted in exANBE ng alternative
antim crobial conmpounds. In addition, or conplenentary, to the highly
specifisc cel | -medi ated i mmune response, vertebrates and other organisns
have -a defense system nade up of distinct 20 groups of broad spectrum
cytolytic, e.g., antibacterial, peptides. Studies on |ipid-peptide .
i nt er act i oREEDD ORTHEJNVENTIONept i des, aI so knovvn as cytolysins, tend to
enphasi ze the inportance of fhe anphi structure for th
cytol ytic acti vilhg Preprmiduyeiion FOResmns ’E"Vl? g‘é‘?:f SO ARCRES W‘?Plosmms
cytol ysins A oth
Cypes. of | ceypBsife aefaf tigh s HBE vt Lt *?139552% .%*Eif“?fﬁ%t*ﬁ?ﬁa o e
‘host -dgf ense short |inear peptides ([err]40 am no acids), which are devoid
of disulfide bridges (Boman 1995- .- These peptides vary considerably in
chai n | engBACK Hﬁéb N distribution of charges, but share

a commn struct zﬂl{ %eu& E)EA? (eije%géngg 1%&@@' th&éj t ng%’ &t ﬁ%)cﬂﬁ’x@ﬁtk ythegbmn%Fte

anphi pat hi ¢ a- hef'i'x s egr est

of known C)zié:‘ﬁbmi'sﬂ%fl Wﬁichdean (be) fowndi o e r'iRayerpaes ' deestiomatt theeerl tofl thei ¢
to bacteria only, cecropins, isolated fromthe cecropia noth (Steiner
et al., 19a1e)c;ﬁqaagabnfqneﬂ(ez&emsff 1987) and der rrasepti ns (Mor et al.

1991) i sol ated om t he .ski
PCT/ I L$B/ 00081 f g}B‘;‘eﬁ‘t‘% %ﬁ%ﬂcje/sqf:%)m?%ﬁsag&gs e ve lf/ a(I:ly o) rgl)%xla(l: d{uogs
mamel i an ged | SeulfdC lin Agxtk@ivd -SARH® Yoduzed S adR@Idpii denakive Ogmitai¢sobial

aureus (Dhopl e and Nagaraj, 1993); and (i ii) cytolysins that are not
cel | - sel ectompourglsch as the bee venom nel | ttin (Habermann and Jent sch,

1067) and he g ST P IR o5 g H A S R P e
initially ge%g r\eﬂewates%r bedeF %?g%ﬁlsnﬁnﬁ'av%ubiﬁﬁﬁﬁé'ts?%eﬂnnm‘d@é wpbsPaREnct

i ncl udi ng a conplenentary or additional ense system this
20 groups of broad spectrum cytolytic, e.g., antibacterial, peptides.

=t

Studies on 11p1d-pept1de interactions of such cytolytic pepti_des,- also known as
cytolysins, tend to emphasize the importance of the amphipathic a-helical structure for
their cytolytic activity. This conclusion is based mainly on studies with cytolysins that act
on either mammalian cells or bacterié alone. er on both types of cells. A major group of

25 cytolytic peptides in this family are host-defense short .linéar peptides (<40 amino acids),

which are devoid of disulfide bridges (Bomén, 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 émphipathic a-helix structure
(Segrest et al., 1990). | o |

30 Examples of known cytolysins include: (i) antibacterial peptides that are cytolytic.

" to bacteria only, e.g. cecropins, _tsolated from the cecrop1a.mqth (Steiner et al., 1981),

magainins (Zasloff, 1987) and dermaseptins (Mor et al., 1991) isolated from the skin of
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secondary, chemical inmune system provides organisns with a repertoire of
smal | pept iwie9s/81080 are synt hesi zed pronptly upon induction, PETALIH0GSE act .
agai nst invasion by occasional .and obligate pathogens as wel|l as against
the uncontrolled-proliferation of 10 .commensal mi croorgani sns (Bonan,
1995) . So frags; (ifpewolysing tHA Areciefetivety typdxid wameamnimaliap e¢lls, siech d3dgerheigsin

I sol ated and characterized. The largest fam|ly, and grobabl t he nost

studied, iisolatetbomnSarhibeqoccuscarens{Dheple #gapal) 19%D: ipedokysinp thatn

hi pat hi - hel | st t udi ] i
D B Pt o Y SRS L BB bR 14
anphi pat hi ﬂﬁqfeh?dtbﬁﬁlpaﬁa&maieem d1_9fsz;?1 fifat BAE bbih\Barhalieh élBnd Vacyiho!l ytic
activity. T es interaction of the peptides with

e positive charge facilita
“the neganti vel y- dmtibgeteriatepeptidescwere/initialiy discomered id @85 tebratesdandsulisgiuently
concentratjons.in the pathogenic cell nenprane as coppared.to nor nal .
eukar yot i cubm"?}'atﬁfhdnaﬁ &%BmaB%lt %ﬁ@‘ %?—W@F’?‘E%Fﬁrys?rr W’@Fflgfggssesﬁ'ﬁ'%lﬂ“isor
lytic actiyj | 8 ' & : B QPesaf to
dost oyt nicRldaty Sheficef immubiSPRyster frvideh MBSl Syl € rRABE SO R0AH,
per neabi | i pyptives ehetragy sythestatd girogpie apomireincick add verich bittagainst k¥8sipn by

Because of their anphipathic structure, it has, been suggested that these
ant i bact er pegas gene apnvRlk an @epipst &ﬂ%ﬂ?@ﬁe‘gﬁa{ﬁ@a@%cﬂ%s

$oyes
via a "barrel-s ' : N0t Quet NS -
model llﬁ?ang ?‘%3“‘5@?%?%"?’%‘2? ?gé S doir‘arrﬁllgﬁ%)ﬁ%@ ig‘?\%%‘?%ﬁ ahesbdtéial
out var dl y- gptefes Hivée bekoRbRRdCand WhhacRsized Théllﬁge%Cfami‘lJi, hanti heobabdy the most
constituents, of the nmenbrane, while inwardly facing hydrophilic surfaces

produce a padied, Ancludesathose poptiden dhyfeprei prsifively ghagedjiand|adppt anamphipathis of
th nb , t he f f .t he ina" ok )

hnd o ssol Gehetial e Y pgaRs Spdied coniigd OF rade nsts Bafivscyat ofRRES
the exact ﬁg%ogémaﬂ%&fzﬂ PPimpi@hde bf ﬂﬁﬁﬁg@ﬁ&h@a heBédl _sﬁ'ﬁétﬁf'etdntﬁeac ﬁéetgirdsﬂﬁr%

such as pa melitti'n, 1s not yet,-andlt'ls no
whet hens si kharge for eytslytic adtivityatThe pasitive charge facilitattointérhetion afjithopeptides twith
towards nmannalian cells and bacteria. 2 WO 98/

37090, ... ..
PCT/ | L98/ 0tiarsnegativelyxsharged mesobranes{Andreyest al.5 198) duund inhigher canceptrations inh ot

has been pyri fj rom the a M P hi t (Shai
et al., 19 ﬂéﬁg‘]* 'D%mcHlle e;*(r:%l%kagg?o?%ﬁ? ﬁtg \%élg?%r h%% 2@3 ngrgg%hﬁrgus
pavoni nus aidpRifassn chelidal strd&8R) is d3admliakifor BeissetusiRy (Chertet el y1968). Such

. biological activities depending upon its concentration 5 reviewed in
Shai, 1994 )ntepactionbavet begnipsepospd todestoy she pnergy sagteholism ofihe daxget prganism

rel ease of .neurotranspitters j.n a calciumde hi .

concen?P at ibé' nﬁncﬁ?as]fg[ r&)erme?%lﬂpgpgl\ﬁne{qq{éh'ﬂsgﬁtggg %%@F% &9} ndglgcgﬁ\gaetﬂ?’,
and above 40Bgy.r ] B¥isk Obf their | sSnpbiphiisie dstrRuid2 i hadl Beenakigettedt Bt these
activities of ‘various physiological preparations in vitro. Its biol ogical

rol es have aptibacterialr péntides neomeate thetmembrasgcby iorminghion ghannelsfnotespia aof
: the "barrel-stave" mechanism (Rizzo et al., 1987). According to this model transmembrane

- amphiphilic o-helices form bundles in which outwardly-directed hydrophobic surfaces

25  interact with the lipid constituents of the membrane, while inwardly facing hydrophilic

surfaces prodﬁce a pore. 'Alterﬁatively, the peptides bind parallel to the surface of the

- membrane, cover the surface of the membrane in a "carpet"-like manner and dissolve it
like a detergent (Shai, 1995). _' |

' Despite extensive studies, the exact mode of action of shorf linear non
.30 cell-selective peptides, such as pardaxiﬁ and melittin, is not known yet, and it is not clear
* whether similar structural features are required for their cytotoxicity towards mammalian

cells and bacteria.



10 osnoregulatory systemin epitheliumand to presynaptic actiyvit ' -
formng-i orW@Hﬁ’ﬁ'HéPs that are vol tage dependent and slightly %%TMIIO%HD'--' -
catirons. A "barrel-stave" nechanismfor insertion of pardaxin into

menbr anes was proposed qn the ba,%i s of its structure and va&i ous
bi ophysi cal st uSpElaxin: 8 J3JReFPePHAgHE AR eXeiatry 1S Xas heen purified from

hel i x- hi ngg- hgl | t i x| e l.dije h :
Chel i x | nlieuRed MG Ship Buudt plarplardt TRSUA S ZHobg} b o e, |
resi due si pegoek Stlle POIhé wstedrd Padific SPardiehikust pavoniris . (Thorfpsondetbalt, h1 986).
anti bacterial peptides that can act specifically on bacteria (e.g., .

cecr opi n) , Parddxinnposgesse i ¥anatptafceiglogical aetiyities depending npex itst concentzation
(e.g., nelittin). Melittin, a 26-mer anphipathi c-.)o}e/gti de,.is the mpjor .
conponeht (eviewsdiin $bai, d99¢h e Ah sersgnisationsielowd 01/ Mo pardaxin, mdyegs ths yelease
Jentsch, 1967) and is one of the npst 20 studied nenbrane-seekin t.i des
(DDenpsey, - efgeyrotrapsnpitters injacc l'gﬁr%wwéﬁt pangper; it g OPafﬁlt@@PP%,gf B0 M

al so a highly tent anti bacterial agent (Steiner et ale, 1981). .Nuneroys
St udi o5 hate 1658, diBresoR (AwRriimedtat anhabare BN @S 8RRt
melittin wgth B h, 4 t ' [: geTa Ity ; ul
mechani s _mwg%uq%ﬁnp{s?@?e%%g{gdaﬁigﬁ n%syéfgﬁgdr?é Oély%a{bqﬁsgél?ﬁ?gé}&é%ﬁl}g i/ﬁkgtﬁét: h eI &
gener al f eaidlbgisalofolést hiaet beedsatitibutedoto iterihtesforenpe otith the it trahsposicof dres

of such proteins with phospholipid nmembranes. Mich of ,the currently c
*descri Bed esmemgulatoryysigmein enideliun and e ProSYBRRIC ACKVItHBY HRFPEgsiOReshannels
underlie different. action | gs $abed el £S5, 4 e anphi Mowe

a- hel i cal &"}t e leéa aie%g@%eﬁxft éﬁ%ﬁ,‘ﬁg 3}1 %eéé\% [g)rté Eg%%%éiée%%?%em%%h%umss m

activiti es foPrisErfioR lofflardaxi:P 8td -me"nﬁl:;ranes was propesedl 61 eHelbis0bf e kirhétine &b
been investigated using various techniques. The results of X-ray . .
crystal | ogivaribys hivghyisali studies fraviewed is dihat,i 1994).i Rardaxine hashathelinchings-belix e
IC(r)]? er :teit O‘éfr{lgﬁr%%{ Illwgﬁlglgﬁgl%%ggm s -“ gg&-ﬂa‘éeé-he iz hefidds et u%% 151%5t The
PCT/ 1 LY§/ OQfoﬁeesaé}gl Ephted 29 [aé%rbline Thanhe sHaseR at podifién €9 Mees SeldBraPnddkin g

(11-12) to forma gent [eri]-helical rod with th drophili c. and .
hydr ophobi dosndbsthfiacintiactprialspeptidel that caroact. specificaliyuon baststade.ge asetopin)i n

o i R PP AT
tetramer (A4 Ao . s {-dae Pliger and
Ei senberg, 1982\ Gy gg\dd.lhgg%gg?gmﬁ ﬁﬁgﬂ%r&thé%ﬁl%r cddRhehtlbf 1l venom of

i nteracti on wi th nmenbrane surfa , s been found-.that the tetramer .
di ssoci at esh¢ honeyn bee Upjs welliftrar offabernhannr §ndndntsch) 186Hf andnist onen of theomasb

insertion intQ the nbr ane, (Al t enba and H | 88).. Littin shares
some si%fi | aﬁmdtl?‘ia@% TANGSSHCYINE PEP Wﬁxﬂﬁggﬂdwﬁéﬁ?’? %‘? ﬁ“b%‘l% cé(kfﬁ%g T of
two helice #ﬂhﬁf [ :Ri ; ' hitbg{y 10
signifi cant§n ono 1%63%5%1 %é?rﬂﬁeﬁgﬁ%?t%i C lbgﬁéﬁﬂ%@%?ﬂgfggﬁﬁkgﬁ ébS_f).
(Thonpson éSurakrons s0fkds. haiebea undeztakien itor deteeminehthegmatuie) oft thet miteraction of

addi ti onal seyen amino acids residue at,its Cternj.nal, side with a char
of -2, whi ITBeliEpWiIth mepbzanes, bty withdhe aim f H%H%%a’?r;a%“’&ﬁ?"g‘ﬁf%? Bt AF
contai ns t heRagihiyehtenltlySeshd &1 & ARRRS FASHREMEHEGeneral features of structures

25  of membrane proteins and interactions of such proteins with phospholipid membranes.

~

Much of the currently described evidence indicates that different molecular mechanism's
"may underlie different actions of melittin. Nevertheless,—f the a._niphipathic o-helical

structure has been shown to be a prerequisite for its var_ious activities (Perez et al., 1994).

30 The structure of melittin has been invesﬁgated using various techniques. The
results of X-ray crystallography and NMR in methanolic solutions indicate that the
molecule consists of two a-helical segments (residues 1-10 and 13-26) that intersect at an
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Lys- Arg-Lys-Arg. There are several functional differences between pardaxin,
and nelittiwo9BB70ar daxin binds similarly to both zwitteriorPCI/H400081 .
negatively charged phospholipids (Rapaport and Shai, 1991), while melittin -
bi nds better to negatively charged than to zw tteri-oni c phospholi pi ds :
( Bat enbur gasgle @f 120 9BlheseBagments are ainnedted by adiinge AllsIR) tp foraa ibentitebical o

phosphol i pids with posjtive coqQperativjiy.(Ra ort and Shai, 199 whi | e
melittin brosieith the hadg%ahﬁ% ap ﬁgérocpbpbwct véﬁaﬁgﬁamm& §§F¢}°ﬂf98 our suc
Bat enbur g . A t | et L 1

ot ot ant FipaBepicRiéifti aiecis HaligopRhel, BRBGR SN ntdrbddbns oo
bacteria, pasg@en(AmndefsdnlfiGalf 080 Bamohetrabl M988; Tdravilliged and Eisenbergy #982;

human erythrocytes (Oren and Shai, 1996). Anal ogues of pardaxin with - to
D- subs§i tfnem%lsg' enand Eiseaberg; 1982 Uneadnisiabmtsrgationgvith membsans firkgees; dchas -

. . | A
(PO a0, S0l 58 el O e 25 G0 BB i

D-Proferr] ?B?{)ﬁ%ﬁiﬁﬁﬂmt@lﬂ&fl&ﬁb%&%h&iﬂabhH@&Hﬁﬁﬂ)éﬁ 1988)l € being henol ytic,

have a ver cterial activity. Analogues of magainin with L- to D |
substi t uti ons wavitthsshafes sothet similaxitiesawith lpacdaxin. aBo#t pardakxip {rchmelittin art. |
1988). 30 GLOSSARY In the faqllow ng, use will be nmade of several coj.ned
terms for Pﬂ@PﬁEﬁdp&’é”%heliﬁeF Mt 8 ﬂF&ﬁlerIEH%ﬁ ]\%wgqm ﬁﬁ‘éﬂ't SQF{‘%‘FFEPr?’a@FY ief‘g"?’ftng
better .yund ' ' i 1 - 14 : :
per 1L BT OStantaant Romblogy 16 el ROALREs, wilictf are iy Hiycifiibic (Thompson st al,
these ter W&986)$f'€!{@1m&r,v\%drﬂa:ﬁh (hetElfarge HRdentainst dre additiphalt evee fedingtaciis.
bel ow. These terns and ei.r nmeani ng herein are the, foll ow '

| I :
" Het er ogenaeniduess pisiCGrterminal side Withed g @ff-ay yvhils naplﬁ‘é%ﬂma\émhgr%ﬁﬁﬁ) trminagsst h

D- and 5 L-.am no acid residues. “Hompgeneous: | lhde’ a per el .

refers to e pﬂ d%ﬁ%lgnﬁﬁdﬁ ;%aei P ﬁ%l}go??ey ;ﬁsgﬂ%g{ tlggﬁedbstg%épﬁe ug‘gi géqﬂepce
resi dues, QlysOfWgy] ¥3-Afg. MDhet6 aft severallfiliGtionatidiffgentes betweep paidafity andrdelittin.
"honobgeneous D-peptide” as used herein refers the ho.r_mg‘gy'eneous pol ypepti de
consi stlisng Pardaxire|bindst sighilarby t.-bath zwitiatienic andd negativelye sharged phospholipids.

beptt den " ananerh, ShE FAR OHDIL YBAE ndliBh Jfos. BOEer (3 DesB9E Bipecd BRRE
primarily lyafikiéhiephébphSEpids EPate uﬁgetaa., PoPL; Bheertiarg otall, {987 PosH) pardagias

L-peptide in which one or nore of the L-am no acid residues has been
repl aced bybindsute gbpspholipidsnwithi pesitive ceeperativifyt RapgporeAnd Shait | 1901) svhile

o o s e g ° g,
B no. acelHE binds MR BRR o N Ren B AP BarclRb S 187,
respectiovelmmdiilgﬁl ot paahxide andS niiREn harei potértl antibdcterial PPBHtidés hghingg a

continuous a-hel’ x . .
: Gram-positive and Gram-negative bacteria, pardaxin is 40-100 fold less hemolytic than

melittin towards human erythrocytes (Oren and Shai, 1996). _
~ Analogues of pardaxin with L- to D- substitutions were shown to be capé,ble_of
IYSing human erythrocytes (Pbuny and Shai, 1992). It was later shown (see results reported
25 below) that two of the peptides disclosed in Pouny and Shai, 1992, namely,
D-Pro’-pardaxin and D-Leu'®Leu'®-pardaxin, while being hemolytic, have a very low
 _antibacterial activity. Analogues of magainin with L- to D- substitutions were also found
to lack antibacterial activity (Chen et al., 1988).

30  GLOSSARY _ _ |
In the following, use will be made of several coitied terms for the purpose of
streamlining reading of the text and facilitating better unﬂerstanding of the invention. It
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stretch thr‘ggﬁ%%ot he major portion of its length. The heli C?é‘l‘dﬁ..%fo{)@ﬁ‘ _of_

a helical p e consists entirely of either L-amno acid residues or . -
D-artino-acid residues. 20 ' "Non-helical peptide" as used herein

.o, SRR oL R B R B

a-helix stf ures
accordi ng kindse mAdE NS i cotpleteadescription- Buddw xThdse atiis bt €Rir mearifs Berein i S
termnal, has a length spanning less than half a width of a cell's

menbr ane, argthe folewinghan about 10-15 amino acid residues, and if it is a

non-term nal [erg]-helix, has a length whi.ch is 25 ] han .t h I
Wdth of the cel HeARERRR Beptics 38 e iR TrfRi/8 pesfS cbiRisipE Beip” and
resi dues. ﬁ(‘_gﬂl{hdﬁﬁiagéidlﬂg_pt i de may be a honpgeneous peptide with
[err]-helix breaker noieties (see below) or may be a heterogeneous pepti de.
"a- hel i x br eaker“Harhegentouspepdide” he nsddnhereihgefers tv & paptidet gomyrisitg either only
‘inserted into an 3Q a-heljx structure disrupts,its continuity. Such. a

noi ety may thepa mmﬁ’é‘qdrﬁﬂéﬁ?ﬁaer %V&D‘P@&“S%Féd Fsluehe or gl yci ne,

2oLy Subst | ok bl PR nofiGReon DIk das BRhefd e
X\D 98/ 3729(hon|10 eneous polypept%jde consistin entirelz of eith;r' L- (3[r. D-aminBCHdid %&gﬂﬁ&?Sl
- ami no- 1-cycl ohexanoi ¢ acid or may be an L- or enantioner inserted into

an a- helbi x respestivelyconsi sting of a-stretch of amino acid residues of the
opposite enantioper,. "Path ic.cell.s", u ? [ el efers t £l |

whi ch are non- nat ?tgﬁgfin%oc‘,"g 3?&?%8 %Pklﬁ? .ngﬁcheﬁ%gla gn?%bfgléjgﬁ%él B%Dgig r agz.}s?%
and pat hogefdr&in REf2A HoSd"RetetégEnedis B &rdoﬁiprfsiﬂggpﬁmﬁilym-@hﬂﬂ&aqidYésii&ifes?é!é., |
mycopl asma, as well as manmmalian cells infected w th pathogenic organisins
“such as parapéptide derived froembomegegeous Ispapiidesinaphicipone apuionerof thed)-amiroasid

cytolytic acti,vity" as used herein refer o activity of an agent in .
hduc ng cyeuye Bas, Pesr Faesfam covblarart ThenBpinérs. frfe BeRehiomeisetidy
in thaty h?cd?ﬂ;fiﬁtin% gﬂﬂﬁﬁﬁt OXhAIngSichd siduds i WHADBRE or Hirk D dhe D-SUAN drer
concentration to that required for 10 the cytolysis of nornal

non- pat hogemsidueshdsdhesn céplarsd by dobhterpartd e bhantiotnes, réspeatively.c* as used .
herein refers to_ agents whi¢h cau henol ysis of re | ood cell,s at ch L
hi gher concentratﬁ%ﬁ@iﬁ’ tl‘fiecgt?é ‘essai’sm%? Bntor 2 BER VP&&@@“E%‘EI%‘E‘FQ"M

ot her cells c - ' ' - \ : -. |l o%;

cells, and ﬁezéh {li’ﬁ@fgh%{ ﬁl%%é}bf'p&ﬁlog?{ Z{réggh r's’mfga%ég hlgrmé)lT ?11 ﬂa??“%‘ glg%lym
of "het er ogesisiztussentiegly iof either L hMuhidvacidresidhed dMBEMMindadil eesidwesent i nvention
provi des a non- henol )Ltﬁi.c cytolytic agent selected froma peptide, a conplex
of bund®ed pepti {Nen-hslieal xpeptide’ons wsest hersin spfers toam MsAlide Winghohagyno a-helix

Chat 1t nasSaiety BF bes potkeotipfop aieli Hgtte? apsfe T slonk ity ol A SRR,

non- nat ur al hane Catlchidide b ttp&'nnwﬁoﬁoxﬁxy GRNEI A OIS stodtel QRiah, RALRRIRMNKC
organi snms a mal 1 gnant- cells; and 1t 1S
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

25 less than the full width of the cell’s membrane, e.g., less than about 20-25 amino acid

residues. A non-helical peptide may be a homogeneous peptide with ~o-helix breaker

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

" “ot-helix breaker moiety”'as used herein refers to a moiety which if inse'rted' into an

30  a-helix structure disrupts its continuity. Such a moiety may fof example be the amino acid _
residue proline or glycine, a-methyl-substituted e-amino acids, non-o.-amino acids both
cyclic and acyclic such as 6-amino-hexanoic acid, 3-amino- 1:-c§'clohexanoic acid,
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non- hemol ytic, nanely it has no cytolytic effect on red blood cells or has
a cytol yti ovebssmeoon red bl ood cells at concentrations whi c®CAVIE98/00081
substantially higher than that in which it 25 “manifests said cytolytic
activity, said non-henolytic cytolytic agent being selected fromthe group
consi st i ng4aiminél)ycyclehezymdi¢ aciderimayt be an df- ;x Pepdntidenen dnsengd dntoedn gdmliki ve
charge which is greater than +1, and cQnprjsing tngth L-am no_ aci d residues
and D- ani nstreteh gonsisting af & strgich of aminasacid residues of 1he ORPesite enanHaReTac d
resi dues and D- gai ' ' . | S -0 4
a?’%ﬁggé}gh g%lg)s?i%'éqiﬂg@ herdfiCrefds Booﬁ%ls whik %rﬁo?{-lgaﬁ\rx%gy Zﬁgﬁﬁ q

breaker noiety; ( _ e conprising L--am no ‘acl

D--am no  acigthie thelbtly, iﬂbﬁlﬂiﬁglc@caﬁéelﬁ%dtgpaﬁﬁ)geﬂi@rtﬂgalﬂﬂmsikudhsasgfaﬁﬁiﬁ,r filnggn
+1, and having a sequence of 6 WO 98/ 3709 . . o o,
PCT/ | L98/ 0pfBozamgivirus and duyenplasmahas wellcay magpoalitneelia infested cwith pathegenic
conmprising only L-anjno aci.d residues is. nat faund, jn nature, and cyclic
deri vativeQr&qqgﬁ%ﬁ‘“gi‘eé?m‘gce 039S, E k! ?‘fﬂaﬁ?dggfﬁ'ﬂ Bty of 2 or nore
non- henol ytic cw i c??di’ﬁiéjﬁéti i82CH RERS heRidRfeRRItP abBtityPOFidnl Wert A" €
whi ch is great erts?Le\g% €r1, and coryﬁ is%kng%g- ' ]bothaL- aapno acige.

resi dues amgtiucimntytolysisiaf a pathaesic, cedl, theosgbedtivity dhemgemanifdstedhinahati tha ragemt -

acid residuyes and D-am no, acid residyes and npri sing an a-helix breaker
moi ety, or IRduees evtalyiis.ahthe Bathogenia ells ot %wﬁg?vv%raqoaceaﬂ@ﬁf% &ﬁwaaqq&lrs@ EFHI ed

-togethep by t ke d to each of the

_ pepti dzé; %‘26éﬁ@ﬁ‘?ﬁ@@ﬁ‘?‘é‘é‘@ﬁ?ﬁ@%‘?g%ﬁsasq‘%ﬁ% ge}&ltl{%ocg&f “or nore

non- henol ytic cytNojihetobiel’ i dased Herein refers toasdenpewhictecausey hemolysizedf red
positive charge which is greater than +1, and conprising_both L-am no acid

r e'sij dues g@bpqd agﬁlm@t doneh higher) renceniationsithans theg Conrenttian feauired  toa #puRS
o et . or HpPtot Al o Biauiae S5 SR pifxplpaiiaf il hpRbrRt

copol yner eaAshskkd g of different ratios of a hydrophobic, a 15
positively charged and a D-amino_acid. In one enbodinment, the cyclic
deri vatlbves of (“Diastereomerst és wped horein m@mr@nmmfé‘bﬂer@gﬁwuéymd;f’i ¢ natural
peptide such as for exanple pardaxin and nellitin or froma fragnent
t hereof. These cyclic diastereoners are obtained by conventi onal
cyclizati oguiVMARSY DF THEVINVENTION one enbodi nent, the cyclic :
di astereoner is derived fromthe 20 fragnment 1-22 of pardaxin to which 1
to 3 Lys resi ducEhehpseseridnyensignauovides aenan-hamolytic sytehdiccagent selected fram s
have been added to both N .and.Citerm,nus far. cyclizat.ion. The t positive
Charge of BN H <ABPIRnoT PUSUER HeRHR s 2yl ShiBhAE o A0fhpdEh, Beide o°
neutr aljpzatdofhlynfer| 548 dERAORNIAg G Sildttive AYWIPfic betivitye madHedted tn @hat it has a
positively chafged am no acid residues or positively charged chem cal
groups. 25 cytolytic adtivityro pathogsnisoglisicheing cdils whickeaneinon-natusallyi eecusring within
non- herol ytdlec b%\t/igroclzo\{fsfsﬁng eo?trlm%?obial pathogenic organisms and malighant cells; and it is
~ non-hemolytic, namely it has no cytolytic effect on red blood cells or has a cytolytic effect

on red blood cells at concentrations which are substantially higher than that in which it

25 manifests said cytolytic activity, said non-hemolytic cytolytic agent being selected from
the group consisﬁng of:

(1) - acyclic derivative of a peptide having a net positive charge which is greater than -
+1, and comprising both_L-ax_nino acid residues and D-amino acid residues, or
comprising one or both of L-amino acid residues and D-amiﬁo acid residues, and

30 - comprising an a-helix breaker moiety; | |
(2) © a peptide comprising both L-amino ‘acid residues and D-amino acid residues,

having a net positive charge which is greater than +1, and having a sequence of
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and cyclic derg lwes thereof as-defined in.(2) above, havin 8/00081
fol | owi ng cﬂg)rdg)é?{'adr-i stics: (a) it is a non-natural syntheti gc%‘)g%: |/de Coe T

conposed of varying ratios of at |east .one hydrophobic am no acid and at

| east one positively charge 1 NO | ' | € C . J): ne
of the anino aci¥PPed eglcgs@%gt%%nsgp%@ﬁg; @8%3(‘%? s'éﬁﬂe]h%gecg}rﬁ%d’éu%?hgp
net positive chalg@indacidrdsidugs Baiot founddn nithre, afd cyeljc derivhivésahéreofyf

hydr ophobic to positively charged am no acids is such that the peptide is

cytol ytic (3) patacoyeplex corsistingtafta plueality) of 2 caumere apndiepsilicoeytelytic neptides,
cells. 7. WO 98/37090 . . ..
PCT/ 1198/ 00081 EeghBridediavingsa et posifive charge hich S grepterdban 1 sk somgprising
ar gi ni ng and i et emindidicPesiHEY SRNDDInG HAOeEL? of E6mpANREMhe or both
i sol eucine, glycine, alanine, valine, phenylalanine, proline, tyrosine and
tryptophan. The gfel-apife atideresidaésgand D-aiuinot avid hesidues rand acontprising anic-helix
but the addition of positively charged chem cal groups .may also he 5

consi dered. ‘| n dueaker mwietyoongyclinidanvatives of thecloregoings said deptideschring bundled

Gocrease the- nydpeshii: e JERtH Bl moale biElerPbohi ROEH dehehertiaet°
preferred qapodihiiurd SshsRERE 0@ PlaratifBP3 A ridre OA-HAHHIARD SfRbE iR PepAdSCT d.

such as |eucine, alanine or valine, and one positively charged amno acid
such asol ysi ne csachpgptidenivitga setrpdsitivecharga-whichuisegregtenpthanl &1 nand ¢emprisiog
~at least 6, particularly ten, or, nore i-no, am n id residues. In on
preferred enbodimt[',‘ acidhfes P%a%‘fl§§‘l“§¥’8cﬂ?§fr ugs,fépﬂxé]pnﬁlggtqn&eoreooth
conposed of | euc] anﬂh ' | -20sh ' . d,at nﬁﬁ-ﬂinp Regg
of the sequence éﬂsmﬁéonpg's%g@fe%eg{d&g%%&n? acl gsﬁ?ﬁessﬁﬁgl an%At er eg?rbggchiﬁe%?,
the invention priggalke moietypordyeliostivativey bbihy foregeiagdmdx as defined in (3)
above, consisting of a plurality of 2 or pore non-henplytic 15 cytolytic

pepti des cdfpl exerandemqopptymes copsiging af difterent ratigs efiahydsephobicy a) | nker ~ or
"tenpl ate"” nol ecul e. boynd. .t ch of the peptides. The bundl e
may _.bealéOrrposed %‘?ﬁk °§Zalha§$ée‘i,%€ra§?§?’é‘§$§a§; nol ecul es of the sane peptide:
or of different pephédasbodlinent ithk &yclit edgpivativesnof (D aboweaid dizrived ofrom a
commonly used linker, e.g. polynmers such as_pol yesters, polyam des, .

pol ypept i deren-sedecfixaiciebiicnatyral peptide syehyas fae pxample pardgxinand meliitia og fivupa

Ut 8 e et Py 85 bbb ok A SRt Biion

above, obt ahe@mddd Yorrpshitides.aAnTbxd ibodieimmeshd @tlid degteeunlierois déitved efidmhetle
hydr ophobi c, positi velqty charged and D-ami no acid at each coupling_ step, of
the sol20d phiegmeentdt2bof pasdaxinta whishdyterhbys wesidpes hayedegr gdded taithe N-termnus

3[err] different pepti.des .25 .were ained.w t 2. i xt | | ne,

| euci ne an qmg‘}p%gg%w&&m@w &‘l‘%at@ kﬁ@q&bﬁ’n&l ed n;frgf?ﬁ%véﬁ%r HF

cl eavage, extracfh®metVipbbitive chbrgdnéf theOpétitided HidyOBe dub 8 fhér AdiRde amino acid
enbodi ment, the invention provides a non-henolytic cytolytic random

~ copol ynmer aeomipdsitined to neytslizationef Temedrboxyl grafpsdandfarnte the additios obpositively

_ hydr ophobi 'Céhagged amino acid residues or positively charged chemical groups.

-
o

25 In another embodiment, the invention provides a non-hemolytic cytolytic peptide
and cyclic derivatives thereof as defined in (2) above, having the following charadteristics:
.(a) it is a non-natural synthetic pe_ptide composed of varying ratids_ of at least one
hydrophobic amino acid and at least one positively charged amino acid, and in which
sequence ét least one of the amiho' acid residues is a D-amino acid;
30 (b) the peptide has a net positive charge which is greater than +1; and
© the ratio of hydrophobic to ﬁos_itive‘ly charged amino acids is such .that the peptide

is cytolytic to pathogenic cells but does not cause cytolysis of red blood cells.
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positively charged and a D-amno acid, e.g. 1: 1 1, 2 1: 1 and 3 1: 1
(Mol) 30 owposrymmo s of Lys: Leu: D-Leu. Preferably, the nonPoFibosjeops
cytol yti ¢ peptide has either no a-helix structure or has an a-helix s
structure which length is insufficient to span the width of a cell"

menbr ane. WCERENhPIéD 8P positively charged amino acids are lysine, arginine and histidine, and
PCT/ 1L98/ 00081 The peptjde thus does not contajn an unjnteryupted stretch
of either efhydrophebicaming agidsaee leucige.dgoieusines gtycing, plapgenvalmgapheaylgfanine,

form ng part,.of tr 0Le. Jdength | i y, uf .
20-22 am ﬁoﬁ?’d?roﬁgigﬁ% g@}ag't é@ei ?RL' ?&’0?#@' notr??%ée?smhﬁgltgg%%ﬁngiﬁgoécl% he
pepti de anghrahsition)abit. tHe additidR- dfl pasitively achaiged \vhemital hgoady @i alsd be
the termnus of the 5 peptides, since in such a case two peptides nmay join
thei r tér neonsideraslyeloh addition, gdar amina aicidss suabirias asesine;THbregnime, pnethionyte, a
stretch of D ot L-am np aci,d resi dues,m canried, out by repl acepnent of
one or nor &PAFASIS gitarine and cysteine may, bﬁﬁxqerl@naﬂﬁl?foméiff:ﬁ’aﬁ %’FHQQWE‘BEE&Q
enanti oner - | ' i ; ; ﬂﬁe]g : @diﬁ’ﬁ

noi ety suc a%‘b%%’gg‘?f] P%{elﬁ %@S%‘Pﬁgh "-g‘g%ﬁ?ﬁ‘!ﬁ%t ;ll%a I[ngr r] -égﬁﬁdﬁ(ﬁ)seaci dosgcrl a .
non- a- am nof ageé dydidphobiepimihesacid sutle as Neveire, atanimedot velims pnddere pasitively ed
wi thin the conpl exes, mxtures and copol yners of the invent : on Have net

posi tive ceharged yningacid sychps ysinerprarginine, bRy gynthetic popg

o ( : CTY e CLom Lo Piiate :
oo gHBunEE 16} 6, SRR RnCly e’ YR el ‘id tHhdy R LR (bl
posi ti vel yembadigat,ahé syntheticidiagttreomerisenl 2-giep peptidel domymsed ofi leticinb pdlatife -

sel ective cytolytic activity can at tines be enhanced by increasing the net
posi tive chrvajine andlysing apd at lepst one thirdwfithe saquansg ip semppssd of D-aminoasidseul e

a positively char ' 1 d,. J L arged gr : .

exanpl e, a pol yg%%ﬁg %pgéﬂ%, géhg%ﬁgg{’ ;}k‘e ﬁg@é&ﬁxgﬁpﬁf rg&ﬁﬁg%ﬁn%gg%o%ﬁn%ﬁgfygﬁp,
etc., my bémplekashddined i8N8) Bbovel Sofsititg st 6, plinakityc 8f RYorainotd SorRemolytic -
carboxyl termnal. A preferred such group is the am noethylam no group

- NH- CHL®r r Pytolytisr pgptidesicompleregnar chundled] tegether, egaby theo use i adinken or
deri f gnon-.sel.ect| t.0l Vi | i . i

2nd el 1 ¢ IEERIRE” SIS ovataf Kk’ B, Sthy BE she BERAGISS THE, Pundl RIS,

mai nl'y conpgsgBsed of PUsORINRE) Srefeidblp SGholetfled dPabe sl Jpeptiae Qi 6o dFfErdmce -

which is 25 imainl corrposed of hydrophilic am no acid residues. The

~ anphi pat hi peptidess Tholinkesdtemplaie may Ysea peptideios @ capuentdy weed Bnkes: hedelrmersn
inth t. A le of hod.is t se of hi . .
Edmonson SHARES SPBPRETS GRUIS, FoLREMd, biSatiibedts 3o 2t bobHsif tamying

accor dbpg TastivdBolpSRIGHAS OF, SH.CCOHS NH,sOHBAt each amino acid in the
sequence i s angul arly di SE| ace_d by 108{1err] fromits nei ghboring am no acid

resi dues (3.6 adnrstillagifughereemb@iiment; ¢che inventiompsovidesda menrhemolyiin aptolyticds
concentrate .on one .siLde .of .t he wheg|. a hydt ophohi ¢ am no aci -
concent r at SUEHIE ﬁ%dﬁtjﬂ)‘ff?ﬁ’t%s §§‘H@’ 8&%8%%%@?“ q,gﬁxmcmg,osgé °§§nesq ]

anphi pat hi ge desired hydrophobic, positively charged and D-amino acid at each coupling step of the

solid phase method for peptide synthesis. In this way, a mixture of 32 different peptides
25  were obtained with a mixture of lysine, leucine and D-leucine, and the mixture was
~ obtained therefrom after HF cleavage, extraction with water and Iyophilization.
Ina ﬁ.lrther. embodiment, the invention provides a non-hemolytic cytolytic random
copolymer as defined in (5) above consisting of different ratios of a hydrophobic, a
positively charged and a.D-amino' acid,eg. 1:1:1,2:1:1and3:1:1 (Mol
30 copolymers of Lys : Leu : D-Leu. | _ '
Preferably, the non-hemolytic cytolytic peptide has either no a-helix structﬁre or

has an a-helix structure which length is insufficient to span the width of a cell membrane.
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e

9 wo 98/‘%%8}% ' PCT/IL98/00081
PCT/ 1 L98/ 0 71e pepti des of ‘the |nvent|on that are not derived from- - -

non:sel ective cytolytic natural peptides, e.g. the synthetic di astereoners

conposed oh@)ﬁ%@ﬂ@%ﬁtﬂs%@ﬁa{ édntﬁhxn%ﬁ]w@n@& &l ot e&n&%tdea ofaff [N&hino

anphi pat hi'c ave a net positive chardge greater than +1 and a suitable

hydr ophobi qcitl&eﬁdﬁest(if\aelbugtb tcap@énioﬁannmgqmrt(bfraaransmnﬂ:mmtmte tSmeh 2 length is
resulting peptide is cytolytic to pa enic cells hut not henplytic. These
pepti des caypieall ysmaéaz\/@nym@am ix ¢ M@ht‘%u’c\%é nopvemeinahpasiion of the

t he anti bact et d [ r < i i,

“for a pept iPgR4 ‘i:%?ﬂéléb dlleg'gﬁ‘l eE]’cfon g“t‘%nq %é&s{’iéﬁ% genthgpsgﬂregbt})lrlg%f %ﬁe"‘mﬁ‘gé’ ratio -
may -be §4%pe ?@ti/ésf Sincétirfl sttht £E£0 b éjéf)tx&s&ﬁhﬁbtﬂfthéir teemirilid @6getherchndiéan 3o
for a diastereoner of 12 am no_.acid residues 10 Wthout wi shing to

be bound b)cell’lsenembrane i s believed however that the cytolytic activity may

b h | f f h f f. th
Perbr ane and. t oCReEFHER 03@&@6@@20% %freﬁﬁﬁett:gfv Yeeseeticgh ut by ©
- According| %Fglgée[ng&ﬁ %rf'olﬂ‘écﬁ F%mlh(; ]gélas ?r? tﬂdhﬁﬁtﬁoicﬂﬁﬂfﬁe% sitd'e

invention a 0 use ura pept i des e|ther as a mxture o

conpl exed (egantiiiél 66 byt pl@ﬁh@&ﬁ the c@ntinuoys tshetchsan ofhelix1breakdrnissictyrsticic us e
covalently bound to each of the peptides. The individual peptide typically
consi sti® ofprelind, gb&tna;ana-mﬂhybae&r@nal@mﬁ ar @mnoproaByieo agidkno aci d resi dues

I | f h t di vi dual tid | h .

o RO o o s peien of dhe Heatien Aadfh HidRS Robihadl Wb e bamimBRe

a phar mce%t@ﬁt‘, ﬁsdl&fneﬁ ST [rvehtitsh eav%oa nEtQPosiRERhitge Gréadahit w.m@nt_
ention as thne

of the inv active ingredient, and a pharmacéutically
. accept abl e rzaposidve chidrge amayposdud orthe aptivé emincsacid gompesition af thenmverition, to

di seases or disQrders ¢ diff rent organi s |
G am posi t inFatrakzat @&ﬁi%@gégp%gﬁmg § g’égmﬁ‘ifﬁ’ﬁf’ WE%EB&%& a%ﬁgon
parasi tjsC (fgﬁi\ﬁ, ' t " Sih%' fRouhd (RAGHE! fEEYE UM
t hat causeg{fﬁg ar i éty %P%rgg&pa?@ e[Hrcgig ée}?r&bhoeglﬁbrr%n?o gé ‘the anti-pathogenic
conposi t i orcytelgtiaractiaity ld%mmtdlimed be m.hanaedlby Iu;creamg ﬂmcnﬁrpeslitlve charge, for

conpositions. In additi t he co Qsi tigns e i nvent ar e usef ul
agal nst el FXaREH deﬂt%c s BOMHGRER e mRlecloa mERYel o ng 2
provi ded by t | t

adm ni steri né%g‘aél)égﬁ chr?g&#hgytﬁg yt cﬂjageﬁélyhgﬁ% Sul e%?ﬂwnlhl?t%%aé ouﬁe

net hod of téteamdfho dlkylamiine group, wel, Imaysbe hﬂacmbd\aeone)mﬁmltemunals,r’qpmah}uamaﬂsl e

i n both human and veterinary _nedi ci he. 10,
20 carboxyl terminal. A px%ferred such group is the aminoethylamino group. -NH-CH,-CH;,-

NH;_, designated hereinafter “T4". _ _ ,
The peptides that are derived from non-selective cytolytlc natural peptides, e.g.
pardaxin and melittin, are amphlpathlc meaning that they have one surface which is -
| mainly composed of hydrophoblc ammo acid residues and an opp051te surface whlch is
25 ' mainly composed of hydrophlhc amino ac1d residues. The amphlpathlc nature of peptides
may be verified according to method_s 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 in'é__ cifcle so that eaclta.mino acid in the sequence is
angularly displaéé‘d by 100° from its neighboring amino acid residues (3.6 amino acids per
30 circle)yr I most hydfophilic ‘amino acids concentrate on one side of the wheel and -
@ hydrophobic amino- -acids concentrate on the opp051te s1de of the wheel then the pegg,ge.

may be considered amph1path1c



WO 98/ 37090 o
PCT/ 1 L98/ 0G#8 dsB1o0d her provided in accordance with the i nventh‘ﬂLwOO&ﬂso T
t he use of said non-henolytic cytolytic agent in the preparation of a- ’
phar macéutical conposition for the treatment of a disease or a disorder in
human or a non- Therpeptidesnaf thei invetioni that are - aott déravet efroml nonesghative i aytalytic

I furth nmbodi t, th | ect t f th b d
0 513 Sl s A B e
f tt t

or v 1, 08 SRS R MR SRS ot Bt

bact eri ci d@gn +1NarfD4 isGitdBle hdr holﬁ@lto ﬁeﬂyaihatgedmfmmqracmmursabh piiadhet s,
‘e.g. fruits and I egunes. 10 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows

cir tcu 11 & dlgsﬁn:lg m@@%@rg&m f" mth;wchmlnwa?owfﬂmlm }Tﬁlgegmgﬁs G?Pyﬁ%d]
pe_p I des. ecira were.laken a e e cben r.at 1,0n err
Min 40% 25oseeped Very Gaf e%cﬁ%‘?b‘fg )Wvﬁ’%@? UyiRe the %8 Tigl 4n hémo
~[DPLerr] L%@l@ﬁ Efrgored](hereln Iy o r#l{dﬂ'hﬁ]tﬁt[ £r'd éﬁiﬂércoﬁipoéedaéﬂeucme and lysine,

[DlP[err] 2 de I'cts doSe-response curves of
t he henol yan approptiatet ewt L?Apanlo dmayi bee §4%epB 6%efor taodiastesomenaf & anlitol add

cells (hRBCO),. The inset assay results at.]ow,concentration.
Synbol s:  Fresidugs aad 2p%s: 3%%&%&?\5&’@@% ]czr?lﬁ’i‘i’ﬁla@éheﬁ‘ﬁbea“r filled circles,

D P T [ .
51 I4] L) s i 53 b ol B e Bkt
show t he naetivilyl mdy =i thetresult of agghepativh fofl mnnbartafr;ﬁepaﬂes on \the buifaes oftheced

by the TApar-derived peptldes The pepti des were added t |soton|8 K+-free
buf f er comemhmvgandsﬁm er ﬂwhlpgmqsaaauswleglpe|°£§h6% m E?é‘ﬁp eRydingly; aSegg

h hat i dy]l h h
DrasPoa | eotfeRBE B AP RAM RN h Mool el B yusifhn o Bpdda sl
Fl uor esceneﬁ Hﬁi&!%ﬁthema ﬁﬁm Cﬂcdrﬁpﬁﬁe(h(d’i lﬁlfnﬂked) tdgethped.g.clby thense of xed
with the vesic nbols: Filled triangles, TApar; filled circles,

[ D] P7- mpahnkerre‘nip@weéevaéwab'bquqimﬁch]q PPtifiehar . enpty squares,

D] P L L
oot | vel v ot ai ABG hdiyRRrfetBl Wicalt: Bl Wil RELESE B e rore
[ D] Pl err] Lag¥ind hdi8résidubdPiy a sémpler of te invertivh, eaheindivivual péystidei maygypically

inhibitory concentration (MC) (4B) or at M C concentrat lons (4C); WO
08/ 37090 have a length of above 5 amino acid residues. PCT/ | L98/.00081

Fi 5 shows CD.spectra.o t Y Lol
: Spgct ra were ta %Fsegg&veggbéégg@@()ﬂg néﬁg};b%ﬁﬁ% (8) X T0 3 er éon?ﬁ%@ 30%
TFE/ vwabgr . 5MJ}Eﬁio$yt1 tdl%'lhdﬂ ,agefit -of Jthd Clnvdfitir Jas! Her ractiti| mlg&ldﬁdﬂtl rand a
. . ) [DO-Verr]lferr err]-melittin-COCH, (----).
pharmaceutxcally acceptable carrier. The: composmons are for use in the treatment of

C

'!-
j-..

rl

diseases or disorders caused by different pathogemc organisms such as Gram—posmve and

- Gram-negative bacteria, virus, fungi, mycoplasma, and parasitic protozoa, e.g Leishmania

that causes leishmaniasis and Plasmo&ium that causes malaria. In a preferred embodiment,

25 the énti-pathogenic composition is an antimicrobial, particularly antibacterial

compositions. In addition, the composmons of the invention are useful agamst malignant
_cells and can be used in the treatment of cancer.

Also provided by the present invention is a method of treatment comprising

administering said hemolytic non-cytolytic agent to a subjecf in need. The method of the

30  invention as well as the above compos'ition are applicable in both human and vetérinary

medicine.
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depi cts dose-response. curves of the henDIytl of.
the melitt Wﬂa@l M%%d di astereomers towards hRBC, Synbol s: fi IP%TZﬁ%#Rr{dCF

melittin, enpty circles, [D-V[err],I[err], K[err] rrellttlnCOC]-I filled

tri I D -V K li t, A C I
mrl:?ggrg;hs[g‘ ® r] 34"9‘5‘@][&?&?2’5{’ n%o:“flﬁhﬁl?er eé’am{’F}s afs?A o?’s?e? at‘%‘ﬂ
with [D] -V MC
10 (78) oéﬁébiwh%%%‘*%ﬁ%e %) it i Rt QWpoliEd e

~di ssi pat i ofefitfnehhof di fifseaseoor podissrtdenin ihomarsorc b aon-nonare dninyaljrin ipattionlarnd

a melittin-derived diastereoner. The peptides were added to isotonic Klerr]
free buff esntthaatesinhe Q@W%*orrposed of PC (8A) or PGPS (8B),

pre-equjlibrate t he fluore al nopycin. .

Fl uor estence 15™ Peﬁ%% lé »Sﬁgeﬁf(i%gi"g(fiﬁ{% Qﬁnyr Beptt gs 58,

m xed with %? ({(/?ﬁk Cfbxeﬁle &éﬁjﬁ&ﬁé‘n of hlitRdrgahishisEse., fii@'sbluhbﬁ fof Wekifith contact
-V[ e

triangl es, rr],l[err],Kerr]-nelittin. i:lgs 9A- B show i ncrease in
the fl uor eknses; magfbe[tﬁ]sd‘d@ pres]arvla@msr foriéxemple-inhe cosmetic@riped industyiand as
concentration) upon t tra on wi.th.PC/PS vesicles |IIedt |an Ies or ,PC
vesicl es (E?F;S‘l%deﬁsr?gné‘l"@ eSwP't‘%e%‘Bl 5 4t FW%I%%Y Rreseva ?n 2 %ﬁl

em ssion a 2 gy i ment was perfornmed at 25[err]Cin.50 n1\/|
Na[err]SCIéria]ﬁgtSQQgrﬁ%E%@g é@err] pH 6.8 (Fig. 9A); and binding isotherm.
_derlveqiofrom Fig. 9A by pI ott| ng Xb* (nolar ratio of bound peptide per 60%

i pi d) versus Cf g g r|um concentratlon of free peptide in the
soI uti on) BRIEFD TION BEDRA( Sshow quenchi ng of the

epronrentally “?,[ b .«{r%fp Pl 3@?31 B LSRR 47
cont ai ni ng ﬂ;ﬁ,g@% %1 ﬁ%de:?%e_c-m e?é’ﬁéidégg{ Eéﬁlﬁ% cpnebifatighd Pf»‘b 82 6 ﬁo—BC

| ncubat i onM an’ 40% %2 DArifiperokthenolofTRE)avdtery [Styﬁ'ﬂiom‘l WEA pae c—epdazd[m]@’ﬂnApar
~ spectrofluoroneter ?9 WO 98/ 37090

PCT/ | L98/ 0G08% [W]LhLexfﬁAtP@I (om3end @]PZEBanTme(CUr}parl son PC/PS (1:1 -
w SWV th P d 11 t.. of
hy\(lj\? ophobYMm t yn %éicegﬁ%r ﬁ?lijesﬁf"é@'is%% r@h@%q‘iﬁf 5 gﬁ?ﬁ EJ%‘IW “fgrived

Fig. 12 sh SRS6whARAS MUERE £ bl Rils (HIEBOR "MHeVihset sﬁ&% el a5 refsﬁl@s ketgial Y s

di astereo towards hRBC. The inset shows the assay results-at | ow
concent r at monnenhﬁ;lmbcﬂ)snbols ‘e fplled snlamsemehttml i filledhtrignglesoTApauafiled circles,
[D]-L[err]-Kﬁ riL[err]; filled cir ef% [D]-L[err]-KA4LS; E@){
triangles, [D RjTB[per,r ]enmqmrcles, Pl TrAmgn,esmppmquE{eé;l}Q]P?dz L19¢ Apar;

Fi gs. A—Bsho di ssi pation of the diffusion potential in

vesi cl gfg g&’“ﬁi} n%émﬁ???'ﬂys di astereoners . The peptides were added to
i sotonic K+ fr eepigs, 3A-B show the maximal dissipation of the d1ffusxon potential in vesicles

induced by the TApar-derived peptides. The peptides were added to isotonic K* free
buffer containing small unilamellar vesicles (SUV) composed of egg
phospha'tidyléholine/phosphatidylserin_e -(PC/PS) (Fig. 3A) or PC (Fig. 3B), pre-
25  equilibrated with the fluorescent dye diS-Cp-5 and vaIinomycin. Fluorescence recdvery
was measured 10-20 min after the peptides were mixed with the vesicles. Symbolé: Filled
triéngles, TApar; filled circles, [DJP7-TApar; empty circles,'-[D]L.ll8 L19-TApar;'
empty squares, [D]P7L18 1.19- TApar, ' |
Figs. 4A-C show electron -microgfaphs of' negatively stained E.coli cell untreated
30 (Fig.4A) or treated with [DJP'L'*L'"~TApar at concentrations loWer_ than the minimal
inhibitory concentration (MIC) (4B) or at MIC concentrations (4C);
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buf f-er containing SUV conposed of PC (Fig. 13A) or PE/ PG (13B), .
pre-equi-l i Wwaesayosd th the fluorescent dye di S-C2-5 and val i nBﬁ?@W{"ooom L
Fl uorescence recovery was neasured 3-10 nin after the peptides were nixed
vvlththe vesicles. Synmbols: filled squares, 15 [D]-L[err]-K3 L9;

filled "circl eFig §Bhow§ €D bpectadf mélittih add mefhtamgbem {ligjtetcpmers. - fprcma
crossed circles, [D]-L[err]-K7L5. FI% 14A- H show el ectron m crographs of
negat i vel west sikeacht Beptidé concentrations f D210 % d02dMuin A% EFE/svatasy yrebols:y s
di astereoners at 80% of their %ﬁ g%m 14A, control; Fig. 14B, E. coli
treated windljt@,- L[(ec:-r-]-);KS [D3-V 7 ¥%bmeditting ol i tr eat'ed with 20 - )
[Dl-L[err]- K\g {lg 14D, E. coli treated with [D]-L[err]-K5L7;, Fig. 14E, -
E coli t(B}euSH%LK2 | melitinGQOMA5- -E). g 14F, control; Fig. 14G E. coli

t ted th 41.8; Fi 14H, E. I Mt i.
1 E)]eaLF r\rNi K5[L3}g §' r‘%&‘ﬁﬁl L 995° FEEPRI P TTHERES %%fméé eﬁl%éﬁl‘?'w&\lhﬂﬁ&“& o§EnSBus
L-based peptidesicRose dﬁs&?e&ﬂéf@dt%aéﬁmmbdw\mwdoelsdw REIRERS Empty

selective cytolytic activity manifested by a’sel ective destruction of

pat hogeni Giefls! @) 1958117 k&dtﬁémﬁn-ozmon Ifme*dltﬁaﬂgleswg)]wﬁe%;ﬂ7qcm-memm
non- pathogenlc el i.e., red blood cells. This nding is very
surprising in \/Flgw ‘Z)A—(f lshows elesiremtmiprsigraphsiof negativaly stairad Eheolé yuntrsatéde 13
WO 98/ 37090

- PCT/ | L98/ qBi8 ﬂAe)a:r.tmateﬁ with HQI—UP;&PZ Ii-?elplnﬁh@@ at goreemirationsrewee thapthe M€ ¢

cells suc a or_no lian cells, arises froma single
under_l&9i n37ﬁ§ é’ﬁ%}?rhdggg%ﬁe %T?ﬁyahe a-helix configuration. Functional
and structural Fi:OngBQSBV\&Kd%v@nMxﬂﬂ afsbigaidic OF RRé alifftlsion HPAEHRS B vesicles
(di astereoners) of pardaxin and nelittin, two known non-cell selective

cyt ol ysi nsipducedr by dnelittimraddra melittimderisted ndiastereomer. edipeapephiden avers added to
underlying cel| select|V|t reveal ed that the resulting diastereoners did

not -r et ai risetomicr Kat Hige dwif e t qondaining . SUWY compasese ®LaBE0§BA) o FC/P(3B); :
t ot ff [ | d a

bl gh ant | eRReeaREread (OR bt “nEireln VB EREEa 2, ) VeDROREER T b EiRuEET °

G t d. 10 t |

St CUePES o SRy i eatSyel MEEE dhik oA HE! pdbtidds' Hore rlfket Wiih €' vesioles.

cyt ot oxi ci é%fxﬁ&?" £%dd é@i%ﬁghieﬁ&nc%ﬂeﬁm 1%§,2% YO,DR TRV plRal site for

anti bacteri-al "activit wever, 1 n-anot udy, a’ single D-amno acid

i ncorporated i ni«‘% 5! %—'Bo%hbﬁ”mc‘z‘éa'sé i8N tHeb Tofisbaice PEPT S8 K2 homelittin
abol i shed al npbst totally its antibacterial activity (Chen et al., 1988).

e e i s o
a%:/t i th y tY)eSt 7 Qeg}p@(:ﬁ?%?@t‘ﬁflﬂ}ﬁ CE@@&W"‘(Y@ nﬁ‘&?cfefﬁraﬁd E\ i Lg{‘? cal
el £t P B ot Pﬁﬁﬁ{j% e R R RS T e

i ses thapg%gghﬁ +OAY; el Hindibif <o ABHUMP rofi ik 04 by Hbiiflg 36, *lolir e

for menbr | on.
of bound peptide per 60% of 11p1d) versus Cr (ethbnum concentration of free peptide in

the solution) (Fig. 9B).

25 Figs. 10A-B show queﬁching_ of the environmentally senéitive tryptophan by |
brominated phospholipids. Melittin (Fig. 10A) and [D]-V3:8,117 K21 _melittin (10B) were
~ added to buffer containing PC/PS.(1:1 w/iw) SUV. The SUV containéd 25% o_f either 6,7
Br-PC (- — - - ), or 9,10 BrPC (- - - 3, or 1,12 B-PC (- - - + ). After 2 min

incubation, an emission spectrum of the tryptophan was recorded using spectrofluorometer
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20 To exami ne whet her nodul at i n'g hydr ophobi city and th ;
posi tive cP¥PE&3WP0| i near cytotoxic peptides is sufficient tc}’c%él?rgé(?oomj
sel ective antibacterial activity, we chose to investigate di astereoners of

short nodel _peptides (12 . long), co OS%X% aryj ti.gs o ci ne
“and | ysi ne“&&'@"@ﬁén‘?fhﬁtétggo {“Heir}”%r E%‘E}Bg%é’@% (S!gdw@fr}%ﬁ.gﬁ‘flﬁb“%éf% , Were
Peptide | ength and the position of D-am no acids were such that short -
pepti des wH¥ : 5 short consecutive stretches of 1-3 L-am no acids
that cannot form.ansfs ' Yrd il rs
wer e eval uat ed vﬁ'ghlfggﬁ%@oeiﬁ?%? tﬁlg% (rﬁy@@P g‘t’@%%y ag'g}]/r[\' t 1%&%2?1?%&2(?%

human er yt IRPOEPLCSretenBbniting.r structure, and (3) their ability to interact
and perturb the norphol ogy of the bacterial wall and nodel, phospholi pid

menbr angs. The dtigaldhshavishdeserresponsa icatyes afr ishkamelytiy ashvity ofi theveewhys ge.
. anes i RO A AN, e _
LT itk 5, EBEL S ] Yo bk TR bfprations.

i sticall.y.,at et hal it Ry Lichagt eri al
Yoo o S e Sk RSO T pate, BTN, 0 iR i

~inactivatiaon_whi, ' 98/ 37090 . - .

PCT/ | L98/ o(ﬁ@é-\f}d@g%gﬁ&ﬂ y r&8Rbes tameleh: i (Rk B’gfs’-lné{(ﬁyé; arfillefac trianelgs,
pepti des. Furtrf% jaorter di astereoners (6-aa and 8 aa | ong) were prepared
and -t est ed [ 30818 KL e non- herol ytic cytol ytic. The finding that
certain cytolytic non-helical peptides have an_anti -pat hogeni c

., Nave t . 5.
activitly, paves Kige $34-B shownhmaging) dissipasionopf ipg idlﬁﬁl%g’@m"@a]aé‘é riegicles,
whi ch conpri se such non-helical pol ypeptig‘gs. V,\Qere t he n-helical .
pept i des 'arBdyseddn enbeyLys shiastaramers, yp J88 Peptideotiere added g isptogie K jfree

D-am no aci At ' _ E,Ia@l $\0 _@@E@g{e f-
bei ng mrebﬁggq%‘ﬁrﬁ%sm%}%ﬁfgﬁﬁ ?gégg)i IOI'e y p?%)%ge)ég?s? t han d4hitt?
honol ogous the BaBtesctes dye diS-e-ael vidindmyeind Fluotekeencd reeovdrawhs measuredi3-10
conpletely 10 degradation-resistant as the full honol ogous D pepti des.

Resi st ance rhin cifigr athet peptidesy weee dnixedivwith atheowesicles.vi éymifols;| filed| squaresce
fromthe body with possible associated toxic iié;ge '&tﬂ)ect.s. The L .
non- a- hisl | qBi]-Eht 8P Kegedic péibied desirctes; bdDIESdHP10Kalg;i efifleds triangles,

t herapeutic procedures. Since it is known that honol ogous D- peptides
possess ess[E)]t]j,hﬂszm-n D @ossed Sircley [DI-15i%8,4847lisy to the correspondi ng
honol ogous L-pepti des ?Bessal le et al., 1990) then accordingly it is clear

t hat het er ogenecoRigsD14ASE shpepslectarn micssgraphs bf negativelynstaiped Eogelii antreated
properties as, heterogeneous L-based peptides. The fjndi that _qeriai :
non- a- hel i caid Feated yath the, xarousykelys diagiersomers, %Fgg&%s&gg‘ﬁgtaw&a tlgt Héﬁ’t’ a
cytolytic activity. against red bl pod -l resuw.t the fact that., 20
bacteri al c‘@nltré’llﬁ(lgf ’;ﬁcﬁ#’rEﬁatﬁfmﬁﬁéi‘?’g’gz’ﬁ)'ﬁﬁg‘%yﬁ%o@h ﬁgﬁoéﬁrﬁ yith
cel | menbrane. 54ffﬁf ences i n the conposition of thf Q8ld . TBMRLane can aj.so
be foun?d anBMdL -Kulg6Fip Atk feealt teated it DI 4&-8: K sk 7:kiig) WE, £ golli
normal cells. Thus, based on.this finding, the agents of the present .
i-nvention pasated hetndD]Los%8d 0 dgrefrig. dAFa conwroletRig. d#GdHigeolhatteatgd with

=)

[D}-L3:4:8:10.K4Lg; Fig. 14H, E. coli ‘treated with [D}-L3:4.8,10-KsL7.

25 DETAILED DESCRIPTION OF THE INVENTION _
Heterogeneous L-based pepﬁdeé ‘have been found by the present inventors to
possess selective cytolytic abtivity manifested by a selective destruction of pathogenic
cells, e.g., bacteria;\nith little or no effect on non-pathogenic cells, i.e., red blood cells.

This finding is very surprising in view of the prevalent belief in the art that the cytolytic
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a selective cytolytic activity against one class of cells wi thin the body
such as basv@ps7086 cells, cells of a parasite, fungus cel | SCTAEWMWIYa . °
cel l's,-or cancer cells, with little or no activity agai nst.: non- pat hogenic
‘normal body cells. The non-henolytic cytolytic agents the invention having
a sel ect i vectivityobfy¢ytalytic peptidep im gellsy sthether pothogénac cells suchwlibactetia wr mgrmal
much | ower, or no cytolytic activit

agai nst nornmal, non-pathogeni c cells,
may be usefanypabian,églisearises frony a sigas, Qfﬂﬂ egh ; 4359C at‘iﬂi‘f’ﬁhgbf g?hehlx '
little toxi Crhffi d tieffects. One group of cyclic peptides in accordance with
the invent 8 Worived from non- [err]-helical heterogeneous peptides
-~ derived from homgeReill Sarde Rirh¢tafl Vithdierwiltp D-amifid Ui i@ porated analogues
PCT/1L98/ 00081 a-helical structure possessing a broad range cytolytic

activity. T{diestereomens) of parsiaxinandimnelstin, tei known noneellowelpgtive cyfplysingy sarried
enbodi nent, a heterogeneo ept i cyclic deri.vat.ive Lt S]N
‘and L-ani nd" 8E34 tp é‘?ﬁ?}'ﬁ'@gh‘ Mgﬁ&cﬁﬁg Blvfﬁé?ﬂ}%m é’&éﬁ?xlﬁfét“@%%%‘é@n g%‘{bfgfegptg%t
chain pept igled 'ﬁﬁ?'d?ds&ge r¥ did no? Eetﬁﬂltﬁeipg 08 strtabitdrd, SHicH @isé sbregation
- having the sane antfno acl d sequence as sal et erogeneous peptide, has an
a- hel i x copfilwir eftowricefftctan mamfmtidn s¢lixc tHowevey,tthe iasiereonters/tetained a high

mani fested on a variety of cells; said heterogeneous, cyclic peptide, having
a cytol yti entibagtenial\activit iwhich svas expressed becomplste Iysisof both &gfmﬁféthvé‘o‘t‘}%d

de i vt ool e o o
Pet er ogne Stemegeaies asheli HiS: tedl-pELRLRNGd of kil sba Ridldi s tohlS
having 10 9®eGitipattuht for agiotokidity Aainke MilMmElRIn celisUnft s t¢ b ajjrorduishtt ifer

Exanpl es of non-henol ytic cytolytic cyclic peptjdes i-n accordance with the
i nventi on antbacetial\gativity. aHewgeser incanothes studa a singlepdamine geidtineasperated inie

Syeli ¢ peptiiben drmoRa AOBATR A maeufuchol e umbrae R AalesER
to the ent iaggvgi é@ﬁé& 4131, $99BIE MR redulisRRitd pardadih'#hd|mdlReA dbRterddnidis Shiggest

D-am no aci I ncorporatéd along the N- and C-helices of the nol ecule
and a net phati hydrepldiacitye and aametapasstiveechangs confen delectivgnantibagteriak aetivityl 1o

charged amno acid residue, e.dg., lysine, atginine, histidine, for exa Ie.
at the Nt IORSeRStER eyioNts pepiit rad dhat sivphipaity dohelifal e is not required.
ami noal ky! 3100, 91 GUR MG boAss BF1 VA TaBRtin cBhtafitA TOAE stodtcHA DF L-ami
Cterm nus%‘g%ﬁeg’ |"?rrlglcacgzcu %? or%g?&%gﬁﬂra rpggl?flgﬁgofaﬁ%ér ee g?:%?éb%xyl grgﬂbnso 20
e.g. by coraeiist (14917 s lonigd whithdmisgs dhep possibilitypthatsthe flowuresidualt helisity wopld bies
~are nelittin _and pardaxin, and_fragpents _thereof. For exanple, the

non- a- hel i cafbeigR] formembrangdinding ard destabiliztiocRom par daxin which is a 33-ner

pepti de.or from.gpelitiin heh | 26- ' t - ¥ -
cycli cezp?ept | de ng§ %%&g&3%§p'$°%g@§gﬁcﬁ)@gﬁd e}%:ngnglrgi%%ﬁ)éﬂlgﬂge%ue ecgf -
cor r espondilfigat eytottxipeptides is' sufficientas confet s¢lectiveantibavterial actbity, twenchose to

respectively, or may be a non-helical cyclic peptide having a sequgnce,
cor r espondiinyestigate regmesse of) shert mgded peptidssn(lar aadpng)s icAmpesey of varying

ratios of leucine and lysine and one third of their sequence: composed of D-amino acids.

Peptide length and the position of D-amino acids were such that short peptides with very

25 | short consecutive stretches of 1-3 L-amino acids that cannot form an o-helical structure
- were constructed. The diastereomers were evaluated with regard to (1) their cytotoxicity

. against bacteria and human erythrocytes; (2) their structure, and (3) their ability to interact

and perturb the morphology of the bacterial wall and model phospholipid membranes. The

data show that modulating hydroj:hobicity and posiﬁve charge is sufficient to confer

30  antibacterial activity and cytolytic selectivity. Furthermore, the resulting antibacterial
peptides act synergistically at non lethal concéntrations with available énﬁb‘acteﬁal drugs

such as tétraéycline, and they are totally resistant to human serum inactivation which
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* 8-23 mer littin sequence. In the case of a heterogeneous ' I de

derived.’f ro%%gwggq n, the heterogeneous cyclic peptide in ac%ﬁé&%%@%gﬁ[ th.-

the .invention may conprise a partial sequence .corresponding to that of . :

par daxi i, coQnpri,si as little as .10 I nQ aci d.,30 r.esi dues ang rangin

bet ween 10 '%ﬂﬂ‘aEﬁal&?ﬁ rﬁ@“‘if | the; @g?ﬁ%s‘?afmm&%e?n%&?‘étﬁﬁglofpe% 35: Ewrther shotter |

accordance yhhibrehfiferd (643 H%rha%ﬁ%?r\f?é}egﬁ‘é a9l ihd fb BN Bemolytie
' ogs an re I

sequence having no natural hono conposed of at [ east
98/ 37090  cytolytic. , ' PCT/ 1L98/ 00081
one hydrophobi c and at | east one positively anr ed am no acid and i.n -which

sequence at | easThefinding feat gerigny gxto nén-belisal peptideshaye mm apfingthogenic

st udi ith del ' . UCi ' . [ €oof - | '
of “ant: ot S Bl P 867 4136 abeafbit of S phfiGpcé oG SR BBl Sl
hydr ophobi chéiheliedl olypepades Whe@athee hosthelical Yhiidéyard heterégeneousd Péptides

Each change in one of these paraneters sinultaneously resulted in changes
in the ot hecompased reffbottyLtamidp fatids wnd D-emincadids; therantirpathogenio agentp haveotheof

B o b i b b3S B T B o 5850 Wbl
therefore pﬁéﬁ'bfoggés f Deptides Yo kheO BhY Hanl, BRI 3HEhE! sther"RAHA, Yare not completely -

hydr ophobi city a net” positive 10 charge, by varying the'ratio of [eucine
and | ysione. dégraddtivnsregistapioascthe flilhbomologows B-peptidésoResistanies toptegraddtion {ubg baa.

| on cont ai_ni ng stretches, of ly 1-3 consecutiye,L-am no i-ds whjich are
o0 bhort | ApbamAERous Hovien.n! Sov it ok dhe, KOG RGOS e SRPUAI ARG
spect r oscopy: 4L eveake th [IVAR %h'?cs qug%, I :al |
devoi d of a¥'ﬁél %@%B' gﬁé‘ug%yﬁye‘ﬁ?‘i%g%gﬁ{%%fﬁo om%,gﬁtg% i ke %eu%ﬁeggf%r te’%Ilrre safof
nelittin anthetdpeutie pebr¥duref the invention which retain |ow a-heli.cal

structure. Nevertheless, the Leu/Lys diastereonmers exhibit potent .
anti bacterial acSindet it & dinpwn thst chomplegeusr D-peptides Jnossass negsentially identical

ot acydt | neroRiRshERy b QePRRas PoiBioErwel B Rl f af.L 00 then
[Dl - L[ err] - ksdofdinpBPtit dRS oléhra fsht 2 hetefspeAEds! \IF-bh(sedOfpegﬂmmljbs?esbeﬂﬁi Nshme
were devoid of henolytic activity against the highly 20 _

" cytol yti cal hytipaikegepic pybpertiesasrheterogeneous L-dased peptidesal d be noted that .

D -L - K3L9 i i s. devoi d of a-heljcal structure but.has .
e 300 RePhASS )i o enl ot By b SRRIER YD Bt
cytolytic pepligs aviﬂﬁw%\ygolgﬁ@'aéﬁﬁ?}l bgaih&dicg A16od Bals, i@ RIURFILOThNGRE:

hydr ophobi city and positi arge conpensates for the anphipathic
[err]-hebi cbhctetialucdlisr diffetidimey eed blomk eelts ingtheheompsitiony of dlheir gell membrane.

drastical ly_r.educed the 25 henplytic activity while anti bacterial
SCtivi by vaDifiFEasibdne GampRatoinet t coll emtrate A ound Simong duyariety of

e Ce AR SHNL t h  ol To M 10 g

t h négative arge zw tterionic

phosphol i pi dgemsbf drguresent inveatidvmpale the wagtdfor develipneEnt ef & vefhietyldfsiregsdiaving
t hei | ecti t ot oxi ¢it i nst bacteri a. Lvely-¢ch PE[ PG .-
' veg: (r:_l Zg \i,glalesv C'yet(zzgg))f)lltfcl tiv?t?tazllgrz]lfnst o%g c?arsls %f c%sg %vtitlh\llne e bo yr g&c% as bacteria

25 cells, cells of a parasite, ftmgu's' cells, protozoa cells, or cancer cells, 'with _littlé or no

i~

activity against non-pathogenic normal body cells. |
| The non-hemolytic cytolytic agents the invenﬁdn havmg 'a.'selective cytolytic
activity against pathogenic cells, “While having a much lower, or no cytolytic activity
against normal, non-pathogenid celis, may be used for a variety of therapeutic applications
30 withno or little toxic side effects. | ) - |
One group of cyclic peptideg in accordance with the invention are derived from

non-a-helical heterogeneous peﬁﬁdes derived from honiogeneous peptides .with an
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30 mmc the lipid conposition of E. coli (Shaw, 1974), and the

zwi tterioniWolgsy@ei cles to mmc the outer leaflet of human rOTyINS/0008T es -~
(Verkleij et al., 1973). The biological activity of the Leu/Lys peptides on
erythrocytes (Fig. 12) and E. coli (Table 5) correlates 17 WO 98/ 37090

- PCT/1L98/ 0 qgéhw_ . | bddl ) £ t

only pepti ge %ﬁ&“ﬁgr : g%éggéx%ﬁ\%gdcﬁés@&}ggfyﬁ?ﬁlwClgigp;gi‘igé(% J?&ﬁ? ﬁ o B

si gni f i canprovidesliptaccordatdevivity .onglentbwdiment) & hetrmpgasdtust peptide leyclih degovative pi d
conposition of the bacteri al nmbrane pl.ays.a rqle.in perneation by this
famly of &PmPHEBEEePot Lyegnd JEaming cadid, rqStdye%ﬁ‘aXmE Bh ceavsnge that' 2
non- henol yt | | . 1 t _&e&g,}i (el v t,Aot
Zwitteri oni’éﬁ‘ﬁg%%eﬁﬁgpﬁ%‘?%ﬁ?@‘%%ﬁ g@? eﬁra istic (l)jfl gﬁ%‘%‘feﬁa B8t antl
anti bacger h@i'ingelﬁé'sﬁﬁl% 4o hci@tseghence 149¢hid hetedodensodsepeptitle] had uned-Hetixt he
fact that the Dacterial surface contains |ipopolysaccharides (LPS, in -
Gr am negat comfigimatian and hassnbropd spectuohentolytic a¢tiwtycmanidesiad o a variety of cells;

Gram positive bacteria), and their.inner ranes..cont ain_phosphat i gyl
Ol yeeror (5L BRIRrPEBPOUHAERC APBUIrO AR B eytobic AL 30 ot B REARLFet on
eukaryotic y4 i B e Hof eRUMPRS & dyfslytic activi
ZWitteri oniv@&‘lﬁ) ﬁ%%%.ﬁgﬁog?%&g%&)ogwfgﬁméﬁ%??l eaf | et. Th_ebant i ggg 9? ia%l\.nty
pepti de nagéithe heterogencsoas cheliopeptide ip apanifstedvinly en pathiogenin cellsimialeihayingnd
a nodel peptide with a.sequence qsfilm I ar tg‘#‘%{uaa ge)ﬁ [D]-L[err]-K4L8, but
conposéd omogtalytis 3etvity onormel ceils sughasrediplopg cells. nainly due to their high
15 hydrophobi ci q’ﬁ?ﬁ L | Wal! & ynt ed
- by the int roduct]%%&r?p(l)%éh"ta }qrﬁeolé& _a%%%gﬁﬁlﬁg lé?%ﬁeg ?’Sﬁj‘f‘ﬁaﬁg ag?égg%%r%eghn%r ad
no anti bactgfenéibn it i such Ywhich eife eerindd frbad Shtural vpeptideo weltich thavereh @drlitilve
charge is simlar to that of native magainin.. Thus, an optinmal bal ance that
al ready existructuiretandeposséss a-dydolytia | activity.c The enonqg-deligsl oeyadict peptidgs nefi the
positive charge ofhénat i ve magai ni m al | ows sel &'c i ve..ant i ba%ﬁt erial 20 '
hotivity, AnePRERg hetem semercsrsensially comePoRde Io M sn oxpaRialSpatkne of the,
magai niyg’ s BapEE iWhRAD YhiNo a4k 3adorpiithiéd albhg RO N0 AhE IC-NelRRPBAHE t O
play a major rol'e"in conpensating for the loss of a-helical structure in
melittin, pacldadeandacndt pesitiva/chergeds atttined eithersbyoddditien phaaqesitiyely altaeged
results according. to the invention sy st.a new strateqy,.fqr.the design of
a 25 reperdype @g@fr"?ﬂﬁ?’te;g's yﬁmeegrggpgg,ggg*d?gp, %%fn?’ﬁﬁipi? gﬁ“’&ﬁ?‘ﬁ?}%{“& ?néfor
pepti des. ' | FRPIEE! smifodfkyldnfité lgYcupPRiRh iad @nilédhlatiid) ¥6r
spectrum of ac %‘i“%#f%%fdegs?)%’ T%e exi gtﬁ(ley_nagl:qgi o?ya repert oi rle of)ala %

di ast er eomexamplenat the d2-tarindduspefithe amoleauld, | ordryatutrabizasioncofcrem sarboxyd growps
.efficacious peptide wth regard t,o the target, cell. Furthernor -

si mul t 28eofss- n?‘?ﬂ"?ft}n&ttihﬁwgtﬁfa’mﬁgf%l’é'g eHP ﬂf@&@éﬁﬁ@%ﬁéﬁ pglittin
acting sep dax?H. al ~ also has a selective survival val ue,
and provi dgargﬁ ettérahgﬁ@gﬂﬂg%gheé%% nst -a W der range of infectious :
m crobes. Al t Heorlextinbles thbi mon-@helicat cgclib saptidy anhyibeadedsed froapardadn evhich
activity against Grampositive in, conparison to Gram,r&eg&t I ve bacteria._,

_ These resulisg 3Brmer pep_tlde or from melittin, which is a 26-mer peptide, the non-a-helical cyclic

bt

peptide may be a 33-mer or a 26-mer peptide comprising a sequence corresponding to the
25  entire sequence of pardaxin or of melittin, respectively,_ or may be a non-helical cyclic
peptide haviﬂg a sequence corresponding to a partial sequence of pardaxin or melittin, e.g.,
- 8-23 mer inelittin sequence. In the case of a heterogeneous cyclic peptide derived from
pardaxin, the heterogeneous cyclic peptide in accordance with the invention may comprise
a partial sequence corresponding to that of pardaxin, comprising as little as 10 amino acid

30  residues and ranging between 10 and 24 amino acid residues.
Another group of peptides in accordance with the invention are non-helical

peptides which have a sequence having no natural homologs and are composed of at least
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_ %@}9,? ' o o _ _ PCT/ALIS/0081
PCT/ 1198/ 0 ®rtant consi deri ng the increasing resistance o Coe T
G am positive bacteria such as Staphyl ococcus aureus, enterococci,

andpneurnococci to nventional. anti bi.qt i . )

addi tion, GRf #‘Kémpﬁgblﬁgf’fi\?g Peﬁﬁ&‘?“ﬁa‘;c%%g&tegf&ﬁge%f %ginhear%irea@edpﬁ nﬁ%i sequenle at

[ D] - L[ er r] 1d63tdnd 4181bia0R1 rediiué B AD@Enb keidant i bacterial activity in the

~presence of 5 pool ed human serum Diastereoneric peptides shoul d have
several. advant adirseviousstuilicowithanode) pepiddsatsed epelpeidate the strovterefuneticnestudy

houl d | ack _t he di t hol ogj cal, .and ph .0Qi cal, ef ts,i,nd d, b
Corr] el OERnRGACtorA profdrs ouSel R g RarRaelel HRlGH sffitoutr, hy GoppOERY Al Y
in t Lbact er L 4l . o . - _

s dani i oohéige ThoRBN o 199 BRI, S901R Egchangd b 6 BF idse Pifimetors
to pore fosfmbitaRoasty resiliedaini changés i ¢heavthehitwonimaking it difiSodde cldnfebe

pardaxi n di astereoners do not exert these activities. Ln addition, npn
anphi pat hi anjguerqontrdhytion) ofragh ipgeameter g the oaaqaﬁma\ﬁmﬂaﬁcﬁcemi ﬁ@@%&% fo.
cel | a. I . : ) : e )
fave st 1 4o Bl By SRS thy SR (e ol HBohEF Byas ATHUSRATS dirtfrs,
a-helical Seffttedr Meadtfdy Of Gipawiocparametets, dantvly,t ydrepliobicity and @) positise -

D-ami no aci'd substitution would result in controlled clearance of the .
ant i badver ichkrgeshy vaiyingthe gatia ebleyeine and bygines Fogshis pgeese) diasterpemerstosshort

D050 - Tor dnoskl seBtam a2 R I6te) PRtk raSoRS Qi 4t Hifeela R aind oids
di sadvant ageQRug afd oo shEHt 8 ftn &.#Ww&h&émé@ chbdea forinvegipatibhy of short
1S | S .

fragments containing DL am no aci 20 dramatically altered as
conpar ed to t hei CDwhprctrpsdopyr reRealed rbatathest pendiys disstercomers ameindeeditetally
al ., 1993); (3). Total .inhibition_of bacterial owt h.i nduced by_.the., .

Gl nst er comdeyond of pasheRbBienP dste AR shpya) nfike the dia ety Vf gpitin and
shown by el ectron mi.cr | Ther § QL el

easily evel %a’?'égﬂrlealﬁggaf%' ‘gﬁﬁg? t%ﬁi)alf) Wt?%gggjéa(ri 5 u%tﬁfeg'lgétt r ucefg"%']’&lég%‘ﬂ'_ys :

mechani sm  diddtedeblnetd @it otent dmitatierlal X4vithatmiliretoadyi gredtyr 8fan that ofarative b
the cell wall of bacteria at concentrations |ower than their MC as seen

by el ect r orantibectesialpeptides such ag dernmseptin $§u orithe apsibiotigidrugitetracyeling, Mpreover,
i nical l d antibiotics, whi i Vi their inabjlit
Lo penet  attbemestpatans memhdéselt-Gat A i aEs Ra T AET0TERL D loenriggs 25 sl
S At e ! il f . DU : o |
be” Gescr | bt PR RS T BRE SR f ey B hEhesfo AP Soe PR ™

éQCT /1L gg/ él%%gally-'-suséepﬁble human erythrocytes. It should be noted that [D}-L.3,4,8,10-K3Lg

(peptides 22) is devoid of o-helical structure but has considerable hemolytic activity

which approaches that of the native cytolytib peptide, pardaxin. This could indicate that

“the balance between hydrophobicity'and positive charge compensates for the amphipathic

o-helical stmctufe_. However, inci'easing the positive charge drastically rgducéd the

25 hemolytic aétivity' while antibacterial activity was preserved, dembnstrating ‘that the
| amphipathic a-helical structure is not requiréd' for antibacterial activity. | ' '
| ' The interaction of the Leu/Lj/s. diastereomers with both négativelyacharged and

zwitterionic phospholipid membranes was exéfnined in order to eiucidate the basis of their
sélective cytotoxicity. against bacteria. | Negatively-t:hai'ged PE/PG vesicles were used to

30 - mimic the lipid coniposition of E. coli (Shaw, 1974), and the zwitterionic PC vesicles to

mimic the outer leaflet of human erythrocytes (Verkleij et al., 1973). The biological

activity of the Lew/Lys peptides on erythrocytes (Fig. 12) and E. coli (Table 5) correlates



EXPERI MENTAL PROCEDURES (i) Materials. Butyl oxycarbonyl-(am ng ]

aci d) - (pheWPA8B9%i do) nethyl resin was purchased from Appl FSATBPHMI ans -
(Foster Gty, CA) and butyl oxycarbonyl (Boc) ami no acids were obtained from
Peni nsul a Laboratories (Belnont, CA). Oher reagents used for 5 peptide

synt hesi s ™edl with gheir abilitydp psaeate modelymempyaness 4 e poly peptide which permeated
NN- di | sopr | et Ayl am . ki ehneedl Sil . i |

di cycl ohex m&‘?’sb‘:&%ﬁ ‘l%% tgg O%WIM)Sf%ﬁ%g Ir‘%r&é/lgg% %‘f‘f‘Pﬂ z@f%g Hﬁ%.fuggest
Pi erce) aneghithehkosphelipi@ dbiifoditedf the bavetidlanéfibghe gRiys Biroledh pernrion by
phosphatidyl choline (PC) and phosphatidyl serine %PS)_ from bovi ne spinal
cord (sodi thissfamilyge @atxbacttmﬁ) epeptidesna ability of pntibasterial cand periemolytic

DRt orns; oeBudesl bt aRd Rk eadhivoiRanabd B 2B awitisrionic, phosshplinids o
fromSi gma'veéjgﬁk &S LiRhatterisBit (OF Rafve ﬁﬁﬁﬁ@t@ﬂﬁ%ﬁﬂ@éﬂ(@?ﬁt’\&@ﬁ 19942548 hdbeen

Germany) an recrystallized twce from™ “ethanol.
3, 3' - Di et hykttibited diocthiebfact abwit nthe | adtedial [suifateCReorthinsvdipopblyaaccharideso(bPS, in

Mol ecul ar Probes (Eugene, OR). tive -ittin was  pur.chased from Signa
Commer ci al IGramyregativg bacteria)yand y&ww@ﬁeﬁ \eAchoC,RGHES, (R -psitive bacteria),

phosphol i p - Whi 6 bvdealysi f ) D .
Ther of or e, 208 8¢t oGl g BEURE SodeA SOl Vel Gt (RO SPBE WA Re negively,
melittijg ushageRPwhite Gormbl eukahi@ticroelig satls ayeryghotyesoprytiomilandy @spress the
Buf fers were Rrepared I n double glass-distilled water. (ii) Peptide

syn';]hgsi s EBWG ?’mm$Ph<§Ph@li§Pidlﬂgp@@é§°méeaﬁfﬁt hesi zed by a solid phase 20
(0. 05 req) ( Nir (e Btapugteriat BObAG, Biabthict B S HOREEAAIHE Dol Mhid FoRn, .
fromthe r%ﬁk#ﬂg%nﬁﬁqﬁg&?%ﬁéﬁ&é%tﬁg esE ehee g‘ﬂﬁlaﬁfﬁ fifat bF gggﬁm'!@m-m 8, but

extracted et her. se crude peptide preparati cont ai ned “one

maj or peak,coffhok&l CaY Qatifily RE-aihG, abilg! ar@Shépfblyfd) mislypPQRti ¢ hyirveight . -
The synt hesized peptides were further purified by RP-HPLC on a 25 C18

r ever sdsphdydrdgibobieity. scWheprtbpandiclival swhcivme ©80mAgaiine was zdipruptde byotham
was eluted.in 40 mn,.using a lL.inear, gradient.of ,10-60% acetonitrile in
water,  bot HREeSHELR of Hendiaming @gis, the, resyiting, djastarepmsr tack g, gnifbricteril.
purified pepkifechihecdl., 1owss, SRR\ Houel ifkend POREIS ERABe (s Shllar By tiab of whfiveal
HPLC, were.subjected to am no-acid analysis and to mass spectronmetry to
~confi rm t hahagaisigueTioss an dPtimal balagceTthat alzeddy adxists betfveen dhe eplidlidals strate,
resi n-bound peptides as in (ii,), abpve var?r'e,t'ransam nat.ed w h.30%et;th I.epe _
di ami ne i n lorophobicity andnet pgsitivg,chargs of inptiye,magamyy aflqws sgleptive antibacterial
pr eci pij,ati e t] ] | . ( i
pept | deig, W&(ﬁp}rﬁ%‘ow a%%g%ﬁg’ggﬁp df%ése PropEits FBUIACEY | 2188 %n(higainin’s
PCT/ | L98/ 0Qifibactefislr activikyr e @onastiviglyt, hieydropliobiditynaprearsufis playt b migjor Toke in
synthetic TA-peptides were purified (>95% hompgenicity) by reverse-phase

HPLC on a Grenpessaling fo3ithe loss ofhecheligalastruchre da melitting pardaxia And, thecLewiLys 10
TFA 0 40 g0 3G BB o0 10 anino acid

The results according to the invention suggest a new strategy for the design of a

25  repertoire of short, simple, and easily manipulated antibacterial peptides. "Each of the
diastereomeric model Lew/Lys peptides has a unique spectrum of activity (Table 5). The

- existence of a repertoire of diastereomeric antibacterial peptides will enable one to choose

the most efficacious peptide with regard to the tafget cell. Furthermore, simultaneous
administration of multiple forms of diastereomcrs peptides, acting separately or in concert,

30  also has a selective survival value, and provides a better shielding against a wider range of
infectious microbes. All the Leu/Lys. diastereomers displayed increased antibacterial

activity agaixist Gram-positive in comparison to Gram-negative bacteria. These results are
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anal ysi s tbw@%kjnfym t hei r__corrposi tion. 5 (iv) Amidation of ﬁbmmnbﬁsies._ .
Resi n-bound peptide (20 ng) was treated for 3 days with a m xture conposed”
of 1:1 .wv/v of saturated ammonia solution (30% in nethanol and DVSO (1:1

v/ v) which lﬁlpag},% @oxhﬁ?d i ldahd qacfesslﬁ %&ﬁ@faﬁ@(ydfatﬁaﬁrﬂbgﬁv@f })&H@ﬁlﬁl stlcRThdre

resi due | ocat tt termnus of TD-V[err],I[err],Klerr]-nmelittin.
Thus, pept Wyﬁanecmbummeememcwmmdzpﬂeumheoqm do emtvrent;oxgﬂ anfibiotiesiRussell

attached but whose C-term Jesjdues, were,_nodi.fjed hy ope am de
group. The eﬁe%lhah%%)anclnaﬁﬁ’rgﬁp’ée ’réeéb%lp'é?r“é{f*eﬂp tihagterial, pepit eﬁ‘Fla?ﬁP[“Poéen
and t he r e tract eresn t h ,DVSO

preci pi tgt t3 sgﬁaiéﬁhyg%efﬁ B%ﬂ ?rg]h?ﬁgﬂalsﬁ%ﬂ t‘ﬁgﬁtlf%ppfgence of

cl eavage and urification using RP-HPLC as descri bed above. (V)
Pr epar afi orPOSEe(alh“%i[‘%%%échl es. -Smal |l unilanmellar vesicles (SW) were

prepared by 15 phblefsdinesit peptilés sioalehives Rverfal Qd\ianwgéé o0ér Kidwibafitibakteal)

di spersions. Briefly, dry lipid and cholesterol (10:1 ww were di ssol ved

i nda CHC [qzep]lddsafoﬂl)ml‘he umh(iqs a?}m:/lclb)laclq“ﬂ@ diverse mashmealtmm?am ’
Were suby ectEats BaHLET grnatial e crBlySRen T oS Rl a N OERE S B e
buffer, by arrabaﬁéﬁg Opepgia% asauhriaﬁ't cobrR &%@g&g@g P " HRrdAE) egegl SAtaS

for 5- 15 mn th type sonicator soni‘cat or, oratory

Suppl i @9 Cdiigtapathological difpctsrin varidgacells e to poedt fopmation madi Arivalién loffiehe
- resulting preparations were determ ned by, phosphorus ana sr S (Bartlett,
1959) . Vesiasachidani¢ emdrcgé@ripz WPé’th’aédaJEdl & AgBEkgse

ves ol es. v a0, oy afPRBURE bofedoat el %rn%ﬁoﬁ%éé " '@“ﬁsxg?er%ér Rt
uranyl 25 Refdis anfeth aﬂtm%ﬁé abi#Co Heliess, HRMRAAE nidlitth hBR strhiar\R AV €S

were unilamellar with an average di ameter of 20-50 nm ( Papahadj opoul os and
M1l er, 19Fishef et 3l., RO04Har Biasterconiers eiithrdisripied dx-helical sthichat atle hotoerpetied to
vol unteers and al l owed to clot. at room tenperature for 4 B The .bl ood wgg

then ce¥it ritnndda eabmodulini (2)tLoesh-gming geidnanbstitution \wauld ciesws dn santroll

- pool ed. The fo
mn. (vii) ec§roscopy tfﬁﬁis@g&pécﬁ Whygﬁgh{ég’des %r%gn%)gtéhur{g
wi th a JasggotbcBOR Acquifsd by poinpletd BX-@hinaf dcids sxﬁisuﬂuuaﬁ i(Made e aln9900)e Total

with (+)-10- carrphorsul fonic 21 WO 98/ 37090
PCT/ | L98/ oomsistanes ®f FHytis seeptide Qe desradationeis étsaé%ﬂe?'é ifor ath%famjw use.

quartz opti e PES r 1.0
wavel engt hsﬁ%#he%ﬂl‘et’ \(l)\llhtf9€ﬂt n%'é% tgg%llrtrsﬂgv\é&entg gch%@h elagatlsa '
scan rajee odragfatiGatlyvaltered e mmardfm deie whoklp e ér ED-aﬁﬁMiU:eﬁitlr paremmmowcuneSS

x 10[err] 2.0 x 10[err] Min 40%trifl uaoroethanol (TFE), a_soqlvent that
strongly 5 (Benkirare$taalhel 993 (3) rTatelirhibitioncof deeteriakigrewty dadyced ebyifthe| d

and Fasman, dlas%erebmers, § aloctated St 5B EI'ys(if1 of thebEdleril J/acii a3"§hown by electron

microscopy (Fig. 14). Ther_efore, bacteria might not easily develop res_lstance to drugs that
trigger such a destructive mechanism; (4) [D]-L3,4,8,10.-K5L7 (peptide 24) has the ability

25  to perturb the cell wall of bacteria at concentrations lower than their MIC, as seen _by
electron microscopy (Fig. 14). The simultaneous administration of clinically used
' antibiotics, which have no activity due to their inability to penetrate the bacterial cell wall, -
together with peptide 24, may present a solution to this resistance mechanism of bacteria.
The invention will now be described withreference to some non-limiting

30 drawings and examples.
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[err] mhere [[err]]222 is the experinentally- observed mean resi due

el |ipticityweaosg2®0onm and the values for [[err]][err] and. [ [RCTALP§/B008]
whi ch ctorrespond to 0% and 100% hel i x content at 222 nm are estimated to ~
be 2000 .and 32000 deg.cn®/dnol e, respectively (Wi et al., 1981). (viii) .

Ant i bacterEaiPERIMEN’E/ADfPRﬁeEm;iRESes The antibacterial activity of the
di astereoners 15 was exam ned in sterile 96-wel |l plat eslﬂ( Nunc 'F96

mcrotiter (3 IM}“LF n @WW&VWW‘IYW%G@Q trhenylagetamido) omsthyly segino twas

50 I

Corber " L) pitch Al RS Al HOHRIHRoRAGRL | Cafbnd bEONGSDILAL) $Rof k38
[err]L of WegHekwess oﬁﬁﬂiea%nweﬁﬂgmlamtm&e§ EBélifiont} G5, OLRP rediponts Asddfor
peptlde in 2-fold serial dilutions. Gowth inhibition was deternined b

reasur  aq pradesaisascaciwed slamoscti aHTRAUSEOR &‘{Hbl-@wppm@m@tylmésg
B I 18- 20
hnt ?béﬁtﬁr [EATAGR, WS, Gkl ARG dirsiohsy abafinide B cEyka) ’i on
M O, %hrﬁ;m '
gftez 123 36 ﬁ (?{ybncut?g%ogén Eq.hgact Zrlghggée%ﬁv\ere gég?/]@g %\ﬁﬁl coi DZl
B g o e tie B aticfia s’”f“é’f B e ol
L?.t cus A;I‘lceo%lgﬁs!? ot Sk Sircle< e irgkpesd G050 IR EFOREND (S NHRIR)-ed
T
agai nstChuiEgs Piofh RAAAER MBS PSR! fiRiplRBLIcERI CPRY!AYEE! 92 from
times wthEERer{chin coli)phaepatiasdlifrber $igmb> Chdlestérol (dAtrd. piire)owas supplied by

centrlfugatlon for 10 mn at 800g and resuspended in PBS, Peptides
di ssol ved iMerFies (Peenstadty o Gissmany 5qnérr]rscrxétalhze¢ atweutumvmof etipanol.

Soncent ot AoRDERy [ fojaBHeG i %éi’dggfﬂgﬂig 55 Bhiatech TR AP RE HySoes
agi tation {30 Wy ANGIESHLEn AP pIRRRIASHUR Sighlhe" Cebfiblclaigfhaln 2000

for 10 mn

PCT/ | L98/ OQﬁﬂiituiReisﬁﬂbecmitaxhe neage bf phu@&oﬁmetmz ewhibl caasesumpidghydrelysis of
absorbance of the supernatant at 540 nm Controls for zero henolysis

(bl ank) anghtgdsdipiiso Mhsieforepsperiat cate whas HRBCisramyrdlidhe phexpBolipase A from
1% respectively. (x) \/suallzatlon of the effects of the peptides on

bacteri a byndlitintusing RPHBECopAll athen ngagents cwre 0franalytical geade. (Boffers, yere

CFUmM) in LB nediu | t.ed vmththe various. peptides at their MC,
~and one di Ipﬁ?ﬂaﬁ?fp é@é‘gfel%j cﬁ%{ﬁ%fj &lor 16 h, and then centri fuged for 10
mn at 300Qf) PUpfdP SYhBeSis BIE pupifiestsi) d Sty ﬁ&é& Vel §§ht§é§'%e%' By '?sgsélﬂ‘?phase
bacteria was deposited onto a carbon-coat ed grid wh

negat i 28l y-method e hnWbmnmﬁﬁhmnmgud)-@MOﬂGCE{tﬁW) Ipﬁhﬁl &;smr 1(8.0§ :Tlltr)lds)
a.J 00B. Me
bor meat | on (BEE Ak %t TR esamprL REPABY watE | TP et crort Sk 8RS 07

utilizing tﬂgﬁr@eﬁfﬂ{ﬁ)‘rﬁ@ (PF).CiHd AMterIBe éVaﬂo%W Slradted willP88; ethér B TRdse @rude
1974) as préviously

peptide preparatlons contained one major peak, as revealed by RP-HPLC, that was 50-70%

=

pure peptide by weight. The synthes;zed peptides were further purified by RP-HPLC on a

25  Cjg reverse phase Bio-Rad semi-preparative coluran (300A pore size).- The column was

.eluted in 40 min, using a linear gradiént of 10-60% acetonitrile in water, both containing

10.05% TFA (v/v), at a flow rate of 1.8 ml/xlnin." The purified peptides, which were shown
to be homogeneous (~95%) by analytical HPLC, Wem subjected to amino-acid analysis .

* and to mass spectrometry to confirm their sequences. .' | ' |

30 (i) Transamination of the peptzdes The resin-bound peptides as in (ii) above were
transaminated with 30% ethylene diamine in DMF for 3 days, followed by filtration of the
resin, precipitation of the protected peptides, namely aminoethylamino (TA) peptides, with
. 20 .



descri bed (@l@gm%%al ) 1991). In a typical experiment, in a gk‘tl?‘ﬁﬁ%t/dﬂpﬁ’ 4
[err]l _of a l1posones suspension (final phospholipids concentration of 33 "--
[err]M, in a K+ containing buffer (50 15 nM Klerr]SQlerr], 25 nM

e i

potenti al - yarfiedi(»95%y Robgenieity) biieversephaeiHELCVed Oy eoluninludieg &l lincaf

10[err] M was added to the suspension in order to slowy create a negative

di ffusi on peidiedti of25-80%% deetohitrileds 01% TFAMR 40 niiagaridothen quisiested tarainot de@d
dye's fluorescence. Once the fluorescence had 20 stabilized, which took
3-10 ni nut @salypisge celimpghedr compogitiothe subsequent di ssipation of the

moni tor §a_a) dmidton SErheperides s Bl iepils Grel W R SRR e,
set at 620 riffrk heongBsed | N2t v/ 16 %ra&ﬂda&ﬁﬁn%kﬁgﬁgﬂé _L(agg.ql ihOmd@iane] die

percentage o | uorescence recovery, -Ft. was define X

-Ft = (1[er DMSQ [Ei n{/) hich] resultedeinramidatidnD6f tieecazboxydate jgroup bfthienglttaadine
fluorescence, I[err]= the total fluor escengrg ?2fér ved before the addition
of val i nomyesidye Jocitdd et e €-tetmaintis wfr @Ye¥nd ! (KL rmelitting t Fhus; dutiptides iweere

0FP! by ovf oo an el ol B, Blnd WS CEARDRE, ol o E-8ELLD
ZW ttergpon 'rﬁséﬁlge@ wéte fGHAL Y¥Fbie ﬁﬁﬁfe?&hﬁ? hPRPRRIHaRb I d(dRith bk Wias ﬁ@fa\q:orated
characterize t he t he

y neasuring changes | emssion intensity o
pepti des' iumider astrearhrof ptitngpgeanandthSprotected pepridesenqgre rextrected frobr thefresin vty

e dded t fixed 23 98/ 37090 )
PCT/ | L98/ o@&ﬁ%@bﬁ%&%ﬁ%‘é‘% Y"&erpl\/ftha’i- s5 Rroduets Wt thep subjretad i RE clepviase
Naf err] SO elnflo RGO RP-HFLE s BescAbedMdter | © A 1-cm pat i ength

quartz cuvette that contalned I nal- reactron volume of 2 m was used in
al | exper.i neniPreparatiok | afdipid aesieles. r8malb nhjlamelfarnesivlese(S1AE) avetsiprdpaced by
the lipid/ peptide mplar ratio (4 separate experinents) on,a Perkin-El ner

LS5 s 15sponicationgf Bhiabelesteiplih0:d /) 2r PGAPS 1 3¢ disparmionss Prigth, dryinid
slit, and 14S S | ' T, LG,

i sot her ns \;\e%‘rd e&ié)g%t@gegﬁ%ls %g’g’ﬁrp%‘? ;&? gosﬁﬂ’ggullﬁlz?%snméosﬁnlg%tﬁ{g n(?(){] %v i nghe
formula: X iz I \fé@lﬁlgi j i]ﬂﬁ% Bk ' -
bound pept F%‘e‘%‘ﬁ%’ |§(;dr1 g{t g‘{?}w | pl e%%f?%gflo g%r&rl%g%c} cﬁ%a? %%&n%t_mn
partition cuféf2 mg/mi) wemrsdbjetted ¢pnoaantos faﬁhhaqdltlidnh'ewspendeddEMafamrmiané
tho pept | st by HpESkHHer TRk DRGLAIGROBy HFoe en SRNiEHd Aot 1 iR tvg
of the JUV. bi i t.j p *
=K[ err ]Z’EC[ ebra!v'l?wl@f ﬁﬁc@}%@l@??%ﬂ}ss ﬁwﬁ‘e“g&%é&?m%@rﬁ{ﬁ‘% I%?" ’613{3 n"gml '
pepti de percléR% OThd dipid donpériratiogs Kifethe] fesultingh @repatdtions ewereudétefifined by

partition constant. The curve resulting fromplotting Xerr]* vs. free -
phosphorus analysis (Bartlett, 1959). Vesicles were visualized using a JEOL JEM 100B

electron microscope (Japan Electron OpticS Laboratory Co.,.-To'kyo, Japan)-as follows. A
drop of vesicles was deposited on a carbon-coated grid and negaﬁvély stained with ﬁt_‘anyl

25 acefat:. Examination of the grids demonstrated that the vesicles were unilamellar with an
average diameter of 20-50 nm (Papahadjopoulos and Miller, 1967).

‘i) Pr'eparation_' 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 and pooled. The serum complement was inactivated by heéting at 56° -

30 C for 30 min. _. _ _ _
| (viij CD Spectroscopy. Th'e. CD spectra of the 'peptide.; were measured wrrh a -. Jasco
- J-500A spectroﬁolarimeter after cal_ibraﬁng the instrument with (+)-10-camphorsulfonic
21



peptide, Cf is referred to as the conventional binding isotherm (xiii)
Trypt ophan wo®ssmg experi nents. Tryptophan which i s sensitiRGI/EL88/00081
envi ronment has been utilized previously in conmbination with bromninated
phosphol.ipids 20 (Br-PC) to evaluate peptide |ocalization in the nmenbrane
(Bol en andaéidl Theapectiad9ére sBamnid an28°€t inal cappeld) §Bartz dpticRlcetinpitloy 65 @ path
quenchers of tryptophan fluorescence are suitable for probing the nmenmprane

. ! L
i nsertion &Mgepdperdd ware abkaingdaar wavelepgibs of 230 de {99 nam. aKight s¢ras yeere taken
drastical | r . it is ' . . of
whi oh cont SEeh ReRid<IE SRR Sepd B, MR eliS 1A RbRLEE BLoncERtFlichs
0.5 [err] t40. -50f A2 Bfer - m]m%@%i - I. H
6.8) cont :':1/|!)£i1r'15g%‘_zg§[er.rzjz(f)x_{g(z)L [gﬂ( !‘\‘?(9"0_ r- : I?TFWW%_{%?%WFR&%@@
est abl i §hi pgoraotes lei-RelicAP fthichere! Fractionhl HdRitles (Gréchifiel ahd FaSmianC ¥H69: Wi ét
roomtenpefrature, an enission spectrumof the tryptophan was recorded using
a Per ki n- Eehplt9813veoncabpdated of fallowsmet er, with excitation set at 280 nm (8
nmslit). SUV conposed of PC/PS (1:1 ww and which contained 25 % of
either 6,7 30 Br-PCor 9,10 Br-PC, or 11,12 Br-PC, were used. Three
separate experinents were 24 eﬁo QB@WOQO '
PCT/ 1198/ 00081 conducted for ea[.c 27pep "d& 1In control experinents, .PC/ PS
(1:1 ww SUV without Br-Rp=were used 5 EXAWPLE 1. Synthesi's ‘and
bi ol ogi cal activity of -pardaxi ”'dﬁ({i ved: doi astereoners 1.1 Synthesis. To
exam ndothe role of the [err]-HhélT eal —sfflant ure of a polycationic cytolysin
inits cytotoxicity towards ma iapn cells and pacteria, a series.of
par daxi n- dé‘f}%%gé]p?épﬁ ﬁgsexﬁéﬁ‘@e '%é%@F‘?é'anﬁ%“ RoLiue  hamficity af 222 mmsand the
and (iii) L1 NEDE @h1odr O r =\ I fo ei
structure, Q’%“é‘%?‘;’/ﬁgﬁ%tlwﬁ ot %: Jh@@? &gin i /éca:aﬁzelrellogﬁ’eg%l. |§/?n?€nqaaﬁ&22

he'Tol | owrhy SeGRaRA0 (20RehEytug £l dR2aolEisbed e By PRI 58EY. % ©

aer - Pro- ’I&Ie \(will) eritipaerdiinl &aivitjé eﬂﬂgqfepgﬂ& \éﬁhe antibacterial activit%' of the diastereox%lersh
y- Ser- Al a- Leu-Ser -Ser-Ser-d y- -@n-du 15 . Mdfication of the
par ﬂaxilg -Irmvaecqaqa@mﬁi @_ﬁf}leﬁé-wﬂl pflymdyuac po8i micpatitenplatse) ined finalqeolppe of
ei ther de i G ar: : e ic .
Cterm nus 0P b SIRRISE Aol A COLIET o uskioh Softaling BAMiL i echbufilo

reaction of 6 gl cﬁg i : (ot ' frt h
et hyl ene diogﬁ?ng: d(:l‘ai'%l ?aﬁlgg c}?_u {z}csj(di n yx{gﬁ%ﬁ@@%ﬁbwrggﬂﬁ%&wﬁg agglé%ﬂfggi ues
such as Ly®ftwatether B5%eponlediaprmal huaataserum A6 PR, asinéerimingehes peptidehinc2-folde

N-hel i x and/ qQr, t.he, C-heli x wer,e .al tered, by either repl aci he, resi due _Pro -
Nt pos ¢ oRenel AR PO THhbPR A (SRHEARIRY BipoR eI IABHEPHACH A 497t o0
by [ D] B,err, : t ' : It} d ' )
of a pazéda%}%vflr aaﬁ%ﬁg&%@eéﬁ&rﬁ&%ﬁ?}%@néﬁﬁgﬁ i E| é‘?’ﬁ] @gﬁ%gﬁ%‘g @gﬂﬁ{l
[ D] Pl err] L1820 hhe37°C) Anfibactédialrictivityeisiestpregsedeas the minimal inhibitory concentration
(MIC), the concenf.ration at which 100% inhibition of _growth was observed after 18-20 h

of incubation. The bacteria used were: Escherichia coli D21, Pseudomonas deruginasa

ATCC 27853, Acinetobacter calcoaceticus Acll, Salmonella typhimurium LT2, Bacillus
25  megaterium Bmll, Micrococcus luteus A'I_'CC_ 9341, Bacillus subtilis ATCC 605 1.

- (ix) Hemolysis of human red blood cells. The peptides were tested for their hemolytic
.activ,ities against human red blood cells (hRBC). Fresh hRBC w1th EDTA weré rinsed 3
times with PBS (35 mM phosphate buffer/0.15 M NaCl, pH 7.3).by centrifugation for 10
min at 800g and resuspended in PBS. Peptides dissolved in PBS were theﬁ added to 50uL

30 of a solution of the stock hRBC in PBS to reach a final volume of 100 ;,iL (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.
22 '



|ntroduced %¥% ggEnters of the N- and C—hellces 25 @L&ﬁhﬁﬁM‘”g
- par daxi.n-derive | astereoners were found to be non- henDIytlc an
exhi'bit selective cytolytic activity (the bold and underlined residues are

D g O e SO AR e b

d y- Phe- PheSAN fiml. e Cohtrels Hop zbyoshérhelysib e{bﬁﬁk} aizD 100% hemolyms consisted of hRBC
Ser - Pro- Leu- Phe- Lys- Thr - Leu- Leu- Ser - Al a- Val -

G y- Ser - Al asuspendedin BBS.and, Tritpny 1%, yespeqtivelyy- ( NH- CH2- CH2- NH2) 2 25 WO
98/ 37090 L9383/ 00081

2 [DPer 9 [ pelzatior, o Y‘“zf{f“f?\;%”’SfP‘i”HS" . 21, hacteria by ele tiort midroseopy.
y- P
Ser - pr oY ccSenger i & oqtt fro8 Gl BELB pedipgn were tpgybated with the yarious

3. [DIPler rﬂ,éﬂﬂaeg hi theirVIC, landdnepdilutioh 1e4ieths® €ieeNBE; for 16 b, and then centrifuged

A y-Phe- Phe LeuIIeProLysIIeIIeSer-
Ser - Pr o- LeufopH@ msy@tﬁﬁOO&e'ﬁhtedle&wew rgsugpended apd a dr0p containing the bacteria was

L Ghobiehd 0k U2 ko ke e SR AR St Sogatively-stained with 2%

Ser-P L Al it :
Kfrer'r]r&[ e(rat?lfD? rsiglﬂeﬁ L[err??% él%e\@igsglrférg?%t he ggg%eﬁdcjeEOL JEM 100B _

Lys- LysiG& yelElttmanmr@dcapd:.eu Il e-Pro-Lys-Ile-l1le-Ser- 15 _
Ser - Pr o- Leu- Phe- Lys- Thr - Leu- Ley- Ser - Al a- Val - H-CH 2- NH2 6. '
atlon_was assessed

E[ er rL ] K[ ar r{"{’bWr'&’FT‘L{’@M‘i“EPEM uged. . ”22‘1"‘5%9"
Sl B o Couiifng B Gieftisiof bofedfalhay ¥es %v*?f%ﬁ?@f%megm 1974) 25 preyiously

t he sequencéescribed (Shai et al 1991). In atypxcal experiment, in a glass tube, 4 pl of a liposomes
A y- Phe- Phe- Al a- Leu- 11 e- Pro Lys-lIle-1le-Ser-NHCH err] - CH[err] NH err] The:

fol | owi ng psusgension (ﬁ'tﬂl\phbsplmhpmroansgnmahes |oféa 18V, incuKd” conthiningeluffert(50

as 25 shown in Table 1 hereinafter:. 8.

9. [ D] P1B- Tmdd K804, 25/ mM BEPES- sqaﬂ pﬁp@g), was  diluted in 1 ml of anigotonic K+ free

[DlP[err]L[err] -TApar 12. [D| P[err]-TApar 13.
- [ D] P[ err] - pbuffér4 (56 M [ Nes$Qj.er25] mMAHEPES-SO4-2, pH 6. 8), dfd thé) fluorescent,
L[err]L[err] -par 30 16. [D]P[err] L[err]L[err] -par 17.

[Dl Plerr] [ﬁotgﬁﬁal:ﬁéﬂﬁﬁve @ye diS-Cp-5 was then added. Valinomycin (1 pl of 107 M) was :

| added to the suspension in order to slowly create a negative diffusion potential inside the
vesicles, which led to a quenching of the dye's ﬂuo'r_escenCe. Once the fluorescence .had
20  stabilized, which took 3-10 minutes, peptides were added.. ‘The subsequent dissipation of
the diffusion potential, as reflected by an increase in fluorescence, was monitored on a
~ Perkin Elmer LS-50B spectrdﬂuorome_ter, with the excitation set at 620 nm, the émission |

at 670 nm, and the gain adjusted to 100%. ‘The percentage of fluorescence recovery, Fy,

was defined as: - | .

25 Ft = @;-To/1e-1g)x 100

* where I( = the initial fluorescence, If.= the total fluorescence observed before the addition

of valinomycin, and I; = the fluorescence observed after adding the peptide at ﬁme t.

(xii) Binding of peptides to vesicles. The interaction of [D]-V3:8,117 X2l melittin with
~ vesicles consisting of zwitterionic (PC) or negatively char_géd phospholipids (PC/PS) was
30 characterized by measuring changes in the emission intensity of the peptides’ intrinsic

tryptophan in SUV titration experiments. Briefly, SUV were added to a fixed amount of
' . 23



WO 98/ 37090 '

PCT/'| L98/ 0G96 $8/47080 Det er ni nati on of the secondary str uct ure @CTHLYS00081
pepti des. The secondary structures of the peptides 1, 8, 12, 14, were °
eval uated fromtheir CD spectra in 40% TFE, a sol vent that strongl y

E%ﬁiﬁ“éﬁs( FRooftad 0,598 Rsfotflbiuydie ARARK ANV NSBO). IF R HEPESSULES
Lﬂgr g.[)nsf?iﬁ Es«% af 2ﬁt§] A«(ﬁ\;—_@@?@a@g h}’,ﬁéﬁtﬂ @_%ft?’ﬂ?a%ﬁﬁt&[n%&% @&a?yé_achag FbBime!
expected, of Zirmhmasmsdéuneflb expemmdms aThel fluoressemcenintexfsity heaqomeasm‘ed; ag/as
observed as nore Da? no acids were jncorporated, ,as reflected Eﬁl@th

m ni ma at oetiomet te Iipid{pentidequolarratioff separals Sxperiments) oma Potdn- Frela§é in

155 ) S Sl 00 [ B, i s

([ D P7- TAp340) nai)usidl @l PIsLher slit. L['Fhreri)ma afsthéﬁﬁ@ W% Al zé8%s a partition

respectively. It should be noted that proline at position 7 does not
i ntroduce eguilibriung, nlsmgethstfwllnmngﬁomuda rather participates in the formation
of the N-helix as reveal e&db_e&\ma spectroscopy (Zagorski et al., 1991). In
PBS, pardaxi n gave a | ow P f-12% a-helix content while all the

or booe Ph B B BBk e Bofh Bl B oPRUCnoiok (CRY AR 08! B A ¢
o nith 1oarTeoRads 5 e prtiod DSLARBLTHN CE B WPk hn Hnch E'?“&ﬂ

eryt hrocyt h t tsst

speci es ofmga%%gp?ﬂga%eg ﬁilﬁs%@fl)bgg} F’ac%ﬁ ﬁ@%%?lﬁe‘?ﬁ&a Pr oce"ﬁ%r es, %rugtlons :
(i x) and (ixitially) wereepartitionedebyly dver ahkdbtien deafleh €609} of the SUbkél‘heeefora the
melittin, the_antibacterial peptide dermaseptin'S, and the antibiotic
tetracycl i PrEtitien equaien bseomem r ol s Fig. 2 shows the dose response curves
-of the henolytic activity of t Pepfixdes 1, 8, 12, 14. It is shown that.
D-am no acids introduced into- ar tically reduced its 25 hermlytic
activity, which correlates with the Ioss of a-helix content in

cor r esbondwhgreahal 0§ fegnedoan,the gaoler ratinof bound peptide @en pepcttotal hE'Idl apddmt ent
is the nost henol yti c, whi | e Peptide 1, [D P[err] L[err] L[err] TApgr, with
the | owestisdhé estimated surface partﬁiqmcaustamalmmhemesﬂ eompplptting Kot ivsi frge up’
to the maxi mnum concentration tested (50 [err]M. The inability to | yse RBCs
i s char act peritide; €f isrefepsd toas thisconventioral lbjndiag-isethery. ant i bact er| aI pept i des
such as 30 _ der IT&SEE'[I n (see Fig. 2), magainin and cecropins. . WO
08/ 37090 (xii)) Tryptophan quenching “experiments. Tryptophan which pcmsatw dooHa

~ Table 1 giyes t ean% % {;}tﬁﬁieh%gfmw gﬁ&h}ﬂgﬁo&“&& gr&nu?at&?ﬁﬁ%i:ﬁﬁfleﬁ Shi a

set of tesf'mﬁrac negative specl es

coli apd A(Brﬂpcpﬁx?@iiaﬁfat&pé;ﬁﬂaqaédlﬁaﬁ‘on iatHe hstbrirR (Bl dnidVMolipesi, 4990; De
Baci |l us negaterium and Bacillus subtilis, '
Kroon ét al., 1990). Br-PC employed as quenchers of tryptophan fluorescence are suitable

for probing the membrane insertion of peptides, since they act over a short distance and do
not draética‘.lly perturb the mem'brar'_xe.' ‘Melittin and its diastéreomer, -each of which
contains one tryptophan residue, were added (final concentration of 0.5 pM) to 2 ml of
25 buffer ( 50 mM NajS0y4, 25 mM HEPES-SO'4'2, pH 6-.8) containing 20 pl (50 pM) of
Br-PC/PS (1:1 w/w) SUV, thus establishing a lipid /peptide ratio of 100:1. After a 2 min
incubation at room 'temperature, an emission spectrum 6f the tryptophém was recorded
using a Perkin-Elmer LS-50B Spectrofluorometer, with eXci_tétion set at 280 nm (8 nm
slit). SUV composed of PC/PS (I:1 w/w) and which contained 25 % of either 6,7
30 Br-PC,qr 9,10 Br-PC, or 11,12 Br-PC, were 1_1sed. Three separéte e;xp-er—iments were

24



as wel | as {hsoghshsymo! ysis .at 50 [err] M peptide. Table 2 give (in
‘[err] M. of the séﬁ peptides 1, 8, 12, 14 and of nelittin, dernggg)g%%@land-“
tetracycline for some bacterial species The data reveal that despite the .
dramatic d ; ] ' e IRV i) phe .
di ast ereon&%ﬁ@%ﬁ%f%f&g}gpél@{f{e' -Eﬁgéﬂ%ﬂlﬁgﬁ% ﬂg%nr%%g‘t rr/gglt('P 'c}&}t‘ﬁeﬁ%%tweéﬂ{o\{“ B;P@
anti bact er ivdreasdéd.vity of the parent. peptide pardaxin, which is conparable
to that of known native antibacterial peptides. 28 WO 98/ 37090

PCT/ 1 L98/ 00081 [err] WD 98/ 37090 ' : :

PCT/ 1 L98/ 00081 [err] WD 98/ 37090

PCT/ 1 L98/ 00081 [err] WD 98/ 37090

property alror v - rcal, p . _

natur al'l y- occur ri.hgSyarthésia cTe ekahinpethe irdlesofsthedidsliedl stacturé Sftapolycadvnid t y
to interact and pernmeate negatively charged phospholipids better than

ZWi tt eri onicYtQIREB pHb| it GROOFIGHY [ taveares dBagmaligy seells; aad nbacteria, 5a . saxiesy of

bi ol ogi cal _t at i i hu . he f.act .t\hat, t.h
surface of %&%’P%ﬁﬁg { I%‘?ef)% gg’%%g%é h%r éegggﬁﬂﬁs,?eclﬁﬁﬁﬂxgme éﬁf of the
bacteri a), Fujprig@ny Robedure;Sand! chatdudérized Ciod Stheir Nstfdcaite,PRGhbIyHE LBV brR)
both of which are acidic, while normal mammalian cells (e.g., erythrocytes) -

expr esslot hdiRBCs @ntihanterial agtiyitt and effectopthesporphology oPBacteria hei r out er

l'eafl et. The disgipat.ion of 1 diffusio egftﬁnt-ial t 0 assess the nenbrane
10 perneating Zﬁ?ﬁ%’f‘?@"”&?‘% ‘B‘&f)P?Pg@g OSHP 8 ﬂwfgésgﬂ'éeqsaPS phosphol i pi d
vesi cl es (prepared acGyf-BhéPhé-AlFTRE MmO s-IR-He®dL €S, section V) was

assayed as described in Experinental Procedures, section xi.. The results
shown in Fig. 3 for pSenPugelseutPheslysThr-Leu-LenderddaVakat D ami no aci ds

et 1 dos o per mbat o PHGSHHAIT BrESHERDr Aty RSt popt | de 1, the only

15 - Modification of the pardaxin molecule in order to introduce a positive charge was

made by either deleting the acidic C-témﬁmis of pardaxin or converting the acidic
C-terminus of pardaxin or of a fragment thereof to a positive one by reaction of both
carboxyl groups of the Glu residue at the C-terfninus with'ethykne diamine (TA), and/or
adding positively charged amiﬁo épid'residues such as Lys to the N-terminus, in pardaxin
20 diastereomers in which the N-helix and/or the C-helix were altered by either replacing the
residue Pro at position 7 of TApar or of a. pardaxin fragment by D-Pro. (herein indicated by
[DIP7), or the two Leu resi&ues at positions 18 and 19 of TApar or of a pardaxin fragment
by D-Leu (herein [DJL18 L19), or both (herein [D]JP7 1.18L.19). The D-amino acids were
introduced in the centers of the N- and C-helices. ' | _
25 The following pardaxin-derived diastereomers were found to bé non-hemolytic and
to exhibit Selecﬁve cytolytic activity (the bold and underlined residues are D-amino acids).
- The peptides will be represented hereinafter by numerals in bold.
1. [DIP7 L18L19 _TApar of the sequence: .
o Gly-Phe—P.he-Ala—Leu-ile-zgg-Lys-ﬂe-Ile-Ser- .
30 Ser-Pro-LeuaPhé-Lys—Thf—Leu-Leu-Ser—Ala-Val_— .
' Gly-Sér—Ala-;Leu-Ser-Ser-Ser-Gly-Gly-Gln—Glu—(NH;CHi-CHz-NHz)z

25



15 diastereoner that is devoid of henolytic activity but retains

ant i bact er iyph ogrfobeyi ty, perneates negatively charged phospholPCE/Li28/00081
significantly better than zwitterionic phospholipids. As such it behaves
similar to native antibacterial peptides, although it is devoid of

a- hel i cal bungr 19 intermedi ate activities with-
pept| des 12 @g th Fﬁ Ilt zgﬁi‘b&fg{%ﬁ%ggé@ ﬁ%}@ue fact that they both have .
~either the hydrophobl@y%e-p&ehelameuqne-rhemwmmmsmc C helix intact, which

is sufficient to pronote strong binding to both types of .vesicles via.
hydr ophobi ¢ i nt er act iSenPro-Les- aéwaﬂihz-gysmb_l!rs AXQ'XN WH-CHgi(GHalNia g

el ectron m croscopy. The effect of the pardaxin-derived peptides on the
nor phol ogy of intact and treated bacteria was visualized 25 using negative

stainin eI e descri bed in Experinmental Procedures,
section ﬁ@qgelﬁqbiz%¥?°§jﬁﬁﬁe@8mﬁact eria at or below their MC
concent rat i on' under tcn?mnﬁlecmqed-na?ruq,%-nenné-ser-antlbacterlal assay
(see exanple 1.3 abo Sanpl es were purl éd out after an 18 h incubation .
and were i nmmedi at el y Ser-PectLand®heslysiThrdLdwLenSeshAla¥abn el ectron

mcroscopy. Fig. 4 shows the photographs obtained with the 30
non- henol ytic analogue 1, [DJP[err]L[err]L[err]-TApar, as an exanple. It

was found that t 1 sed the bacteria conpletely, and only
snal | fragﬁeﬁtls{%égi Egsgiﬁ)lbz@ t‘g (qfl%e SeIBMCCowever, at concentrations
lower than the MC, gpgggyﬁg.m_g fle2fle-Ser-\O 98/ 37090 -
PCT/ | ngl 00081 bact er| aI &;TW% Tﬁéseﬁpat cﬁegrm ght indicate the
initial step invol vecSar-rPrb-!l&u#BheﬂcyspThrebesLeE&WE\m I\Ell-ﬁlﬂie@Hs-l\th

bi ol ogi cal activity of nelittin-derived diastereoners 5 .
Synthesis. In order to further examne.the role of the [err]- hellcal

structure of tot city against mammualian cells and
bacteri a ar$cth ﬂ;ﬁﬁ?ﬁsﬁ%ﬁ‘ﬁﬁx ﬁ%ﬂ#ﬁ?ﬁgunderl ying this effect,

four diaster coners ofy yigj 4. él)“PﬁérPhéA‘QEL@u?xhéfﬁxtbeﬁyszﬁéilleM@ri ttinis a 26-mer
pepti de of the sequence

Ady-tlgsdy-A a-Val - L&ar-RrysLe\isRheLIeys—’lrhﬁLEmLeGLS,pr-lédal-Val-NH-CHz-CHz-NHz

Pro- Al a-Leu-1le-Ser-Trp-Ile-Lys-Arg-Lys-Arg-A n-d n-NH2 Modification of the
melittin nolecule in order to introduce a positive charge was nade by

convertin el 1 -of ittin or of a fragment thereof to a
positive g&%%ﬁ?ﬁ@?llggio?ﬂ%gfg %%?eq&??ﬁ?p at the C-'?erm nus W th
et hyl ene di ani ne, 14 Gly-bic-PHEAIASLBANEP fo-Lf5 HRIRISENE N hel i x and

the Chelix were altere y replacing t residues at positions 5
and 8 of nelittin, thSerLPze-IE@SPhbaEysa’[‘hqehenmeuFSet-?Alm’kbhlt he Lys residue at
position 21 by DVaI, D-1le and D-Lys, respectively (herein .
[D]-V[0r]V[err]I[err]Klerr]). The following nelittin-derived di astereoners

were found n and to exhibit selective cytolytic activity
(the bold ai(c)[DEﬁd'g lFﬂigDF%%dtﬁﬁeiquﬁ?"é’ D-ami no aci ds):
Gly-Phe-Phe-Ala-Leu-Ile-Pro-Lys-Ile-Ile-Ser-NH-CH>-CH>-NH>

The following pardaxin derivatives were synthesized and found to be hemolytic as

" 25 shown in Table 1 hereinafter:

. 8. TApar : | 9. [D]P13-TApat.
10. [D] LL19 -TApar 11. [DP7L19 -TApar
12. [DJP7-TApar ' 13.[DpPpar
14. [D] L18L19 -TApar ~ 15.[D]LI8L19 par
30 16, [DJP7 L18L19 -par 17, [DJP7 [1-22)-TApar

26



20 18. [D] [err]i[err]Klerr]-nmel of the sequence: ' ' |
Ady-11e Ay~ ﬁ[&b\}aﬁ\é Leu-Lys-Val -Leu-Thr-Thr-d y- Leu- PCTAL98/00081 . .

Pro-Al a-Leu-1le-Ser-Trp-I1le-Lys-Arg-Lys-Arg-d n-d n-NH2 19..

[GIDll- IVI[ gf g ;ﬂm %%BEJ]& E)H R}Iﬁ%{%ﬂ%ﬂe@ﬁg ﬁgﬁﬁ&s 2ll‘:he secondary structures

Pro- Al a- Lewflthe 1p8 A2 14/ Bvdlita d’\ﬁﬁmqhe @D 20%0% TFE,
(D1 V[ or 1) VTor PP ars TRt vl LT gy Fane) o LR Coaperzo #0% TFE, a solvent

A y-11e- G ythatl strovigly prmadtys aWwad-hekeal Fhmetiite; -a@ldcsdrﬂmd ﬁiOExpenmentaI Procedures,

Pro-Al a-Leu-1le-Ser-Trp-lle-Lys-Arg-NH-CH e }CHerr&NHerr WO
98/ 37090 Ssection (vii), and in PBS (35 mM p osphate ufferO 15 1 ROX/ | L98/ 00081

21. [DMerr]V '@{{ J:P[esgjr %&%ﬁ%{ ]pérc[aﬁflzgénv-gé‘rgﬂste%orﬁé}g ate ShoWh in Fig. 1 wherein

Al a- Val - Leu Lys-
Pro- Al a- Leysj { e- ?i[uz]T(r l;)...!)I R s=-4) ﬁhd\hﬂ L ech] AcEkpretel; Afapdatic decrease in the

The pepti des were then characterized with regard to their structure,
'bi ol ogi cal d-helix comtentraf the\pepties was observedmsanerei Rraminb acideweresinborpomted, as.

cpect r oscopfie ér?&xitﬁ%%ﬁ%éﬂé’éa«iﬁ?@t w 8 ot B2 ke h aSngBES : Gian 0%
19 10 o

2]'5 r?ﬁ% y pr%g%%%éigiggﬁ 2{%}}&“& uc EQn'?pﬁ%gJ g‘)‘<l @ct@fﬂgﬁgﬁ (ﬁ/ﬁlg#%}i E:o%{den]t :
as refl ect Z@ggﬁ h% m"ﬁ;ﬁﬁ%ﬂgyg‘%z(’gﬁ%%ﬁ%ﬁ l%e—éﬁz gpjp?l'he ia )216‘1 I 'X gblt'pf‘ent

of melittirn MagALRNWRERSY shd B%ﬁé@aﬁﬁgﬁvéﬁo fihbhi Bl GRLEHEP ??o'ilﬁ gﬁ?ﬁ% A

respectively. 15723 Anti bacteri ytlc activity o
di ast er eonsiees 18t Atrodlice atianbluyttha:stnuﬁmmlhuy rathert pm-tlgppﬂes dee shel forthbtiog if ké

hRBC and t hei,r ..pot ent bit th diff t f '

bactera wovdelifasarvegiredu i serctisoqy leousti £t gy wﬁﬁ&e@ S B o
th t o | vt

e AL LRR) S50 e A o RIS ESAESA G4 hiohRl B PIBRLN 1&gy

repr esemt atgave vest lowf sijnefs thaneoudd net bel dttribatedto spetfic sthittured @latMdt@Bb&H), ON
of ' D-amino acids into nelittin dramatically reduced its ‘henolytic activity,

whi ch paralleled the loss of the a-helical content in the corresponding

o i AT S SRR R0 i
- peptides 1&xdminéifbr tBeir Betnblyiidtactiite SdwRdS Blel 16 ly%@ée@ﬁble NBh& Bfvarbérad !y

devoi d of henolytic activity, However, despite thé drammatic decrease in the
henol yti c aandifor tlgplrmot@n’t@l taeinbibit the ¢ alifferent spgcias of bacteriay @y described in

o o B o b BB

bee venom melittin, the antibacterial peptide dermaseptin S, and the antibiotic tetracycline

were used as 'con_trols.

Fig. 2 shows the dose response curves of the hémolytic activity of the peptides 1, 8,

12, 14. It is shown that D-amino acids introduced into TApar dramatically reduced its

25 hemolytic activity, which correlates with the loss of o-helix content in the corresponding

“analogues. Peptide 8, TApar, with the highest a-helix content is the most hemolytic, while

) Peptide 1, [DIP7LI8L19-TApar, with the lowest o-helix content, is practically devoid of
hemolytic activity up to the maximuni cohcentration tested (50 uM). The inability to lyse |

RBCs is characteristic of most of the naturally occurring antibacterial peptldes such as

30 dermaseptm (see Fig. 2), magainin and cecropms
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| ower than that of 18, which indicates that the am de group at the
C-termnus WoO98g709 in 30 does not contribute significantly pormieswooost
antibacterial activity. In contrast, it is known that cecropin with a fréee”
carboxylic Ctermnal has a significant |ower antibacterial activity than

g Zat_ O{/\Dt gg/ g % igg‘ableelqgieaé the WL (Arp MY ofltheqikpfiddscI-1T i a fepresBhitafive set bIR) -
PCT/ | L98/ 00b&stetja whiich inojydeg g 7@mm-negative species, Escherichia coli and Acinetobacter

PCT/ 1198/ 00081 2.4 Fl|lectron An croscopy st.udy, of,, bacterial |ysis.. The .effect
of the pept ?%80%”6%” ?ﬂ%%r%%oﬁé“%fsmﬂ?sa@“g%d REERE By Bé‘ileF‘ill&s ilis,
visual i zed gpiwell 49 MBSYH Béthl)sisla@ G0N HAE ST 2 Immgr iR @V

the MC, the peptide 18 causg?j taot alﬂflyg%@ of the bgg’tezr.i a Iginéjlﬁ %.Of e
However ,5 at peptidesds 8all2ph4 ahdvofmelittin, ddrmaddpin $ and heteacyeline forsomecbacieriabn

the bacterial wall (Fig. 7B)._ These patches might represent an_initial step
in the |yti#pesiescBa data novegl fhatdespite dhe, dramaatiosfeqseasp da phe| a-belix content and

menbr anes. § . Is j tivities, of t ept j,des. 18 an wer e
i ar . onpage e ek Alasidantece salcaid 13, B8V b1 xeinselahont f theporche
phosphol i pi mtr&aﬁﬁanaﬁiw?s)fmrx@éﬁcbebﬁdé.ﬁ@amaﬁ, WHich s édtnpdrable 6l fHat bPknown
eluci date the_ basis of the nmenbrane selectivity observed? For that purpose
the abi | i t yn#iveraniibasterial peptides. di ssi pate the diffusion potential created in
bot h PC and PC/ PS vesicles was nmeasured, and the partition coefficients of
the peptides with both types of vesicles, and the localization of the
pepti de when bound to nenbranes, were determ ned. 15 2.5.1 Menbrane
perneability induced by the peptides. Various concentrations of nelittin
and peptide 18 were m xed with vesicles that had been pre-treated with the
fluorescent dye, di S-C2-5, and valinomycin. The kinetics of the
fluorescence recovery was nonitored with tinme and the maxi num | evel reached
as a function of peptide concentration was determned.- As shown in Fig. 8,
both nelittin and peptide 18 had 20 simlar menbrane perneating activity
wi th PC/PS vesicles, which denonstrated that introduction of D am no acids
into nelittin does not affect the ability of the resulting diastereoner to
per neat e negatively charged phospholipid (PS/ PC) nenbranes. However, while
melittin was atso highly active with PC vesicles, the diastereoner.was
totally devoid of nenbrane perneating activity with PC vesicles (up to the
maxi mal concentration 25 tested). 2.5.2 Binding Studies. The inability of
t he di astereomer 18 to perneate PC vesicles may be due to its inability to
bind to PC, or alternatively, it may bind to PC
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vesi cl es,
menbr ane Iea age
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pound cannot organi ze into structures t hat
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a binding study was conducted. The 30
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single Trp resi due at
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N-termnal side of the Ghelix. Wth both nelittin and peptlde t he

| argest quaYRPIINGIB7 WO 98/ 37090 : IIL§8/00081
'PCT/11:98/ 00081 of tryptophan fluorescence was observed with 6, 7- Br - PC/'PS _
vesicles (Fig. 10). Less quenching was observed with 9,10-Br-PC/ PS, and the
| east with 11, 12-Br-PC/ PS. These results indicate that upon binding to
vesicles, the peptides were |ocated near the head groups of the :
phospholiplds 5 EXAWLE 3. Synthesi's and biol ogical activity of nodel -
Lys/Leu di agtergpmess 331 Lys/Leu diastereomers design. Six diastereoners
of short |inear nodel 12-ner peptides conposed of varying ratios of l'ysine
and | eucine were synthesized in order (1) to exam ne whet her a bal ance -
bet ween hydrophobicity and a net positive charge nay be a 10 sufficient
criteria necessary for selective bacterial lysis, -and (2) to gain insight

into the nechanism underlyi this effect. In the first series of nodel
Lys/Leu 12-@er geptiQles 22-25, éhe third of their sequence was conposed of
D-anino aci & res dud. e lrocat® on of the D-am no acids remai ned constant

in all peptides which was constructed for maxi mum di sruption of 15
a-helical structure. D-amno acids were distributed al ong the peptide,

| eaving only very short stretches of 1-3 consecutive L-am no acids. The
foll owi ng peptides were synthesized: 22. [D]-L[err]-K3L9 of the sequence:
Lys- Leu- Leus euggeu- eu- LysggeuciLeu Leu- Leu-Lys-NH2 20 23.

[D]-L[err]- ,A he@equenc%Lys Leu-Leu- Leu-Lys-Leu-Leu-Leu

-Lys- Leu- LeU- Lys NH [D-L[err]-K5L7, of the sequence 25

Lys- Leu- Leu- Leu- Lys- Leu Lys- Leu -Lys-Leu-Leu-Lys-NH2 25. [D]-L[err]-K7L5 of
the sequence: Lys-Lys-Leu-Leu-Lys-Leu-Lys-Leu -Lys-Leu-Lys-Lys-NHerr] In
the second series of nodel Lys/Leu 12-mer peptides 26-27, two thirds of
their. 30 sequence were conposed of D-amno acid reS|dues at the exact
positions of thexL- an1n63acwa rééldues of peptldes 23 and 24 as foll ows: 38

WD 98/37090w - Z o Z _ PCT/ | L98/ 00081
S T TR - T S PN
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26. [D]-Klerr]- K4L8,

-Lys-Leu-Leu-Lys-NH err] 27.
Lys-Lleu- LeuVE%ﬂWEW%nLeu Lys- Leu- Lys- Leu- Leu- Lys-NH err]

of nodel "Lys/Leu pept

synt hesi zed (pepti des 22 and 29 , respectively):
LeB- Leu-

of the sequence: Lys-
sequence: Lys-Leu-Ley
di ast ereoners accor di
Leu Leu Lys Leu Lys L
Lys Leu Leu Lys 32. U
Synt hesis of Lys/Leu

descri bed in Experine
characterized with re
interaction with bact
Zwitterionic or negat
The hydrophobicities

listed in Table 4. Meh

consensus val ue of hy
in Fig. 11, a direct
retention time of the
~significantly contrib
stationary phase. 39

PCT/1L98/ 00081 Tabl e -
di astereonmers. 5 Pept
Hydr ophobicity 22.
+5 : -0. (
25.
extent of the [err]-hg
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of th

i des.

u
nggt o
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ntaE, P
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erua a
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ne
n yval

jré%ho
ca@re
pSpt |

ite to
VO ¢
L Hyd
i de

an

D1 24.

‘ +8

| i al
ey
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8

Strain

Minimum Inhibitory concentration (uM)?2 of the peptides.

o

e sequence:.

Lys-Leu- Leu-Leu-Lys-Leu- Leu Leu
[ Dl '

-K[err]-K5L7, of the sequence: '

In a ﬁﬁﬂﬂﬁ”ﬂﬁmﬁbs

a 6-nmer and a 8-ner diastereoners were

10 28. [D]- L[err]- K2L4,

Leu -Leu-Lyg 29. [D]-L[err]-K3L5, of the

Lys- Leu- Leu-UJys 15 Further Lys/Leu

t e i fvelti@n tlhat were synthesized: 30. Lys Leu
Leu Leu Lys 313 Lys Leu Leu Leu Lys Leu Lys Leu

Leu Leu Lys Ldu Lys. Leu Lys Leu Leu Lys 20 3.2

f eoners - The peptides were synt hesi zed as _

focedures, sectfion (ii). The peptides were then

b their structure, biological function and

ndgrodel gregbr ne% conposed of either

char ged phosphoj i §f ds. 25 3.3 Hydrophobicity.
positive charge® of the peptides 22-25 are

les of hydropho'gﬁty wer e cal cul ated using

Di City scale (E s@éhberg et al., 1984). As shown

ath Ome Was - nd IZtween hydrophobicity -and the

les, 30 suggestiﬁp that structure does not

overall'hydropuﬂhc |nteract|ons with the _
D8/ 37090 &

phbiei 1 and
si gnation

1et‘charge of t he Leu/ Lys
et Charge .
0.12 23.

+4

, Wi

+6 -0.15 10
2 3.4 CD spectroscopy. The
i astereomers 22-25

(‘DI
N e

of

 p—

st«ruct ure th
22 T o B =}

10
1.2

1.5

3
08

- ATCC-6051

D21
" Bmll

Bacterial species

a. Results are the mean of 3 independent experiments each performed in duplicites

Acinetobacter calcoacetcus  Acll

Bacillus megaterium

Escherichia coli
Bacillus subtilis

=
—
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was deternmined fromtheir CD spectra in 40% TFE.  As expected, after o
i ncor por at wowsare®s D-ani no acids,” no signal was observed fBET/HS80P08 . .
di astereoners, denonstrating the |ack of any specific secondary structure
(data not shown). It is to be noted that in a recent study, a peptide with
a sequencd.4 Membreale destabilizativi indptdddey B pindaxiededveatipeptides) VA commono

aci ds, was found to have about 40% [er rl]-hel i cal strycture jn nethanol. and
i n DMPC vesoparys of il it they aielicaly poaifivelyocharge nvﬁ%‘é@Y@FF‘&m&nﬂlWﬁW?‘c ic

tivit f the penptid 2-29, Thg. ' I Vi e..0apt |
2220 agaiERRORREBAIES ] dB0oS. mrk il R Shfact ablt thdrkicle, helfER; biiged
activity o%l AR betes ﬁ?a&-ﬁvﬁu&ﬁorﬁb?nesﬁhmiﬁug. The releesr®ervfttheselfutihgs 1o
activity of liftin served as a control. A direct correl ati on was found

bet weers t hheihpitdegital banget membranesThas| heen pttributed tnsthh danb that the swefare pf hackaria he
hydr ophobiGePisas \iReppHescsbcel . (Y« o Grameaeaive Jstene) il HpEarsherides
AL the o GeIRAY o, iR CRARBOUA0E ebiclE) Bh [ofl Wb it abidhs GRAC okl
maxi mum c ong@niatian icells (g eytiradAed) expredd the Treddusinamtiyt rwittedoniei ghpsplfolipid
| 4223 S i e bty ool e B
Ef a?n'h(rjl eagﬁ?egr%%&ﬂg %1@??%%%&& &?ﬁ&&ﬁifc SndP¥CIB pidshibligid Sekabs {fbphred

PCT/ | L98/ ORQ8HiA®" 10 [ExpetifRitad hPitedies} Bevtiont vt wdy assayedveashdestriped cin
activity simlar to that of nelittin (~5 fold less) (Cornut et al., 1994).

bt S) .
The pept i dBspezizacntal\Bepecdaresosection e The resplts shosmingigior peptidesly B¢ 12, 14,

agai nst a representative set, of bacteria. i.n W tetr [ a1

der masept iWﬁ%,ateatﬁﬁt wpe Fﬁd§ SPUe cgméo pargg)ﬂﬁl%fgqt s?#%ﬁ‘?%@hla?%ﬁttthﬁ/ﬁ%ﬂ}ér e
shown in T {Ha§ t8apedmeieVHI3ARolipE nihbriads! e Howevas peptidy 19thé hal

di aster eorrgé)gEZ e-=pZJu-_QFjﬂévva;csaisrmdul g\t&éd g?/o_{pﬁg bal ance bet vve?gﬁﬁhlg/egr ophgbi cit yand
posi ti V&l ydiasteregewr aiahds adsveid ofokdmeliiic rastivithylitoptiains canbibpeterdal activifys

the nost hydrophilic peptide 25 .displ d. .t he. | r L0 ang s I al
e st O SRBH) nSefiERbh Safy RS gk SRl | AURSE, b ibEbAe
anti bact er }f)]l%s 'P&lti .U WsASiRh i6belAVES siffilat REnditre Atibheteridl peptiiey] athéuipH hds
former beihg g rghtly nore potent. Furthernore, each peptide had a unique
spectrum dévoidiof bemdieal struchure.i The Jack af dignifidantintermediatecagtivities with peptides
Gram positive as conpared to & negajive bacteria., 3.6.5yn hSLICy 4.
ef fects beled 1ught be ieﬁelagwargm@%&?e? ﬁ@ﬁa‘tﬁ‘?yag?@r léad’ﬁe‘?@%f Eﬂgbﬁﬁﬂ’h@gc
To investi gad 8- ' 1S i I3 ofen 4 BeorBih&ingté C
Cotr acidl | NEpEiiprifE amphaE CURIR ihiiel B (P 3RicRrb®) ABARY: Rforgbinne
serial di | bbthappesafaiesisies Rizchydivophodis iateractionosa ( ATCC 27853) in the
presence of a constant equinmolar concentration (1 [err]M of peptide 24,
[Dl-L[err]-K5L7. Antibacterial activity of the m xtures was determ ned

1.5 Visualization of bacterial lysis using electron microscopy. The effect of the

pardaxin-derived peptides on the morphology of intact and treated bacteria was visualized
25 using negative staining electron microscopy, as described in Experimental Procedures, -

‘section xx. The peptides 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 microscopy. Fig. 4 shows the photographs obtained with the

30 non-hemolytic analogue 1, [D]P7L18L19-TAp_ar, as an éxaﬁxple. It was found that at the
MIC peptide 1 lysed the bacteria completely, and only sm_aﬂ' fragments could be observed

(Fig. 4C). However, at concentrations lower than the MIC, patches were observed on the
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as descr i beg,q rimental procedures, section (xii). 20
synergistic éHhect;bewas observed between tetracycline and the gcgg{‘%sr%elgsnler- e
24. ‘Tetracycline shows lTittle activity against P. aerugl nosa. However, when

m xed with e.2 tion .
fold | ower l{jaﬁ 4%‘%9%’ Seg% %soe?‘?ﬁq‘h’tegé‘“ﬁﬁ'i‘f‘gﬂcﬁgqﬁg ﬁats“??mé{ Vﬁ‘&r‘%ﬁ?i‘?“ﬁn
ei ght fol d groedsgase in the activity of tetracycline was observed (Table 6).
A possi bl e explanation for the synergistic effect is that the peptide 25
slightly disrupts the bacterial wall which |rrproves part|t|0n| ng of
tetracycli Sy N on m croscopy

st udi es whieHRBH erived diastereon

. X :‘_ a 2 !
changes i n the bagt 1¥"5l|n| ﬁﬂ'ﬂl?e | ed
human ser um on t s;ildtt?hact er?rgFll g’ct I'VI f &gg%% rgﬁ %ﬁ n%fhPﬁ s?x{uc of
‘ant i bact er Id?/ltolpﬁm; linl thefie cytomRivityagaint ﬁﬁind?aha&a&fdllgldﬁdﬂﬁcﬁﬁd dnd t6Qdin Y}%Sght
found to differ 30  consi derably (l-uabl e 6). Wiile dermaseptin was 8
fold | ess dota the mechaismundsrlyigothis effaeh fp@pdlaa@repmerrseto&muum @nel) were
ant i bact erl aI acil ity. 41 ‘WO 98/ 37090
PCT/ 1 L98/ 009 i WO 98/ 37090
PCT/ | L98/ 00081 Tmlmﬁsumﬂg}péﬁﬂhgf{}@rsg @h@gent ration ([err]M| err] in
the presence of human serum and synergistic activity of peptide 24 5
- M ni mal10l nhi bitory Ooﬁtl:)eﬁe-rﬁlwfbla-\(qldreu}mys-\?al -bar-Thyi-ThsGly-RéEC- 27853)

E. coli D21) Pepti de,.De eru 3% u 0% Ser um
33% Ser ugn 10) S 2 R 1ieSer-Trp o1 §~Y5-ﬂg-LYS-A(}&g‘rrln-@1n-NHz o

7 Dermaseptin S Modificati f%ﬁe littin mole€ der t
TC[ er I‘] odiiication o me lC n2r£o ( Y ofy o]r er 10 mtroduce aGPOSétl e charge @gs

Results ar anadeabymweninthhe rml:&heﬁietennmax p:émehmmtcﬁ- oiacﬂ'aglnmnt ﬂremﬂf té 8 positive
duplicates, with Stand%é;ﬂ lation of 20% b. Tc - Tetracycline 20 . 3.7
Pept i de-.i ndRAEAY Teaftie: p& ?51’11 Faup %tamP&IEer@HWééﬁm ethylepe diamipg inimelitin

\(IjvlerS-e m_ ed d’i%ét&el‘ﬁéfscxh%hﬁﬂ e N%l&%ﬁ& i etl{e‘fﬁtv?&e \Mtéljgdtbg'erefafa&?x GBS ?wé V%Ye

residues at positions 5 and 8 of melittin, the Ile residue at position 17 and the Lys residue
at position 21 by D-Val, D-Ile and D-Lys, respectively (herein [D]-V5\./'8117K21').
The following melittin—derived diastereomers were found to be non-hemolytic and
to exhibit selective cytolytic activity (the bold and underlined residues are D-amino acids):
20 18. [D]-VIV8I17K2].mel of the sequence: | |
'Gly-Ile—Glj—Ala—Val-Leu-Lys-Val-'Leu-Thr-Tlar—Gly-Leu—
Pro-Ala-Leu—Ile—Ser-Trp-Ile- s-Arg-Lys-Arg-Gln-GIn—NHz

19. {D]—V5V8117K21-mel-COOH of the sequence:
25 _ Gly-Ile—Gly—Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu—
Pro-Ala-Leu-Ile-Ser-Trp-Ile-L: s-Arg—Lys-Arg—Gln—Gln—COOH

20. [D]-V5V8I117g21.q1-22] -'I_‘Amel' of the sequence:

Gly-Tle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-
30 Pro-Ala-Leu-Ile-Ser-Trp-Ile-Lys-Arg-NH-CH,-CH,-NH,
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val i nonycin. The kinetics of the fluorescence recovery was rmnl tored glnd
t he maxi nurwoI[98@T¥8cence | evel was determ ned as a function

concentration (Fi.g. 13). PC/ chol esterol vesicles (10:1) served as a nodel -
of the phospholipid conmposition of the 25 outer erythrocyte |eafl et
(Verkleij ef, Ei]-V5V§I713K21a{ﬂﬁtﬂ]’-ﬁfﬁﬁbl\/cﬁshﬂeqaex(cé 3) was used to mimc the
phosphol i pid conposition of E. coli_ (Shaw, 1974). A direct correl ation was

f ound bet ween thﬁaMﬂWbys'ML%Tbeng‘@&LﬁB' per meat e nodel phosphol i pid
menbranes and t ti R a2 All and E. coli . Only
the henolytic p(l.}g %C%%S '?%’%'mpﬁrgﬁgp sphol i pi d vesicles. .

Furt hernore, the abl lity of the peptides 30 to perneate PE/ PG vesicles
correlates with the antibacterial activity of the peptldes agai nst E. coli

(Table §). PeptiTie peptiddsi ¢&-2haswetehehém\manacanmdaamlermwdam itheir ystrugture
had significantly decreased ability, perjrea esicles co

t he ot her thipl eglcplefmmmzlzn@aachaa wi %Pﬂ%@é@@f@q mempranes °°mp0seg%% ﬁger
PCT/ 1 L.98/ 0008 of bacterial lysis. The effect
of the di a&“@&%?{é?s ggé@g&ﬁ%ﬁ%%@pgg% of treated E. coli was

visual i zed using transm ssion electron mcroscopy. Al the peptides caused

total lysis of the bacteria at the MC (data not shown Qﬁ However, when the
pepti des we2 (D spécescepy. Cmm@f thern-helival struesnie ¢ighe peptidesd8nd 10rwas

Obser vall, SETRIGOpORE 6D PSSR db A - PTGk GEP RO B O Pl 2

caused the nos 16&3@8 o
hydr ophobi (,5%18 ‘T’dtgE %%péafci Q@%&?%%%Aﬁt&@ert ur g%%ﬁ?e%*wesemhﬁﬁ 16 0%
EXAMPLE 4. {R¢fiab®shsn madoﬂmhm; gakflectd by the mininm dEIO&ng/ZQIZaam mng)s | Thae
di astereoners. 4.1 Dirastereoner design. To further exam ne,

modul at i ng dehelinshotent of melittin wae 7ﬁ?4t coropared j@ lé?fa?fejb"'é’fml ith &Fteé‘iﬂ”éﬁr%ﬂ%
peptides is SU@I cient to confer selective antibacterial activity, two
further modd 1 resppct B’@bﬁldes 33 and 34-37, conposed of Lys/ Ala or 15 _
Lys/ Val 4 esi dues, respectively, with at least one third of their sequences
bei ng o} D-Ala or D Val residues, were synthesized: 33. [D]-Alerr]-K4A8 of
the sequenck3 Amtibatterisl andl heniolyticagtivity -of| the  melittina diastereqmeny
[D]-V[err]- K4\/8 of .the segyence; 1ers
Lys- Val - Val bepaplytic actipity an‘e\}éﬁpnﬂ?ﬁsl%ﬂ W“ﬁ%ﬁgﬁi F]}ellé\p)oteitl% tQ,dphibit; the
Lys Val Lysg:wﬂﬂ g}}zil%lrev aépe& S oBbactelis Wak Mobstiated LY$hé/&ht1bﬁéﬁc\4@hady)éﬁné/a|
Val Lys 25 al Va Lys Val Lys Val Lys Val Val Lys 4.

Synt hesi s. aaieeusb/aoatrahm the santihhctetiial sAssaye o Aedase wesponssy panve Sov the bsgnoiytlc

descri bgod ! chwty of the peptides was obtained (Fig. 6). Table 3 gives the MIC for a representative

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 o-helical
content in the corresponding analogues. 'Melittin, with the highest a-helical content was |
the most hemolytic, while .up to the maximum concentration test_ed (50 uM), 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 antibacte_ria‘l activity of the |
parent pepﬁ&e. 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 is 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).
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Experimental Procedures, section (ii). 30 4.3 Antibacterial and hemolytic
activity. Peptides 33 and 34 were tested against E. coli and B. ne aterl um’
and-hRBC. TW@9882#0ts in Table 7 show that both nodel di astermg’

anti bacterial and non-henol ytic: 44 WD 98/ 37090

PCT/ 1L98/ 00081 Tabl'e 7 M nipmal | nhibitory Concentration ([err]M and
henol ytic activity of}fthe ﬁeptldes 28 and 29 5

M ni mal | nhibitory Conceg;tﬁa & ([err]M Peptide DeS| ghatipn

E. coli .B. megatpri ong = % heRol ySi s (JDZl)m RE (Bm 11)
at 100 33 | & 12 .
10 34 = 3.5 0.B

=

(=)
0 EXAMPLE 5. Synthesi of QJ tther nodel di astereoners The fpll ow ng nodel
di ast ereoners accordi hpg to the .invention conposed of 15 sepuences of 6, 8,
12, 14, 16, 19, 25, 2p and _30jiresidues of two, three or norg different
am no acids, were syn hesizedy} 38. Lys Leu Ile Leu Lys Leu B9. Lys Val- Leu
'H's Leu Leu 40. Leu Lys £e@ Ajg Leu Leu 20 41_ Lys Pro Lep His Leu Leu
42. Lys Leu lle Len Lys key Val%k Argnas. Lysq\/ he His ‘teu|llLeu H's Leu 44.
Hs Lys Phe Arg Ile Lgeu I'_'y§_—’_ L 45. Lys Pro%?he i s Yle'feulH s Leu 25
46. Lys llelle lle Lys detlys Ile Lys Ile Ile Lys 47. Lys|lle Ile Ile Lys
lle Lys Ile Lys Ile Ile Lys 48. Lys Ille Ile Ile Lys Ile Lys{lle Lys Ile Ile
Lys 49. Lys Ile Pro Ile Lys Ille Lys Ile Lys Ile Pro Lys 50.fLys Ile Pro Ile
Lys Ile Lys Ile Lys Ile Val Lys 30 51. Argllellelle Arglle Arg lle"
Arg Ile lle Arg 52,. Atg I1&llle Ile Arg Ile Arg Ile Arg Ilellle Arg 53. Arg
llellelle Are Il & Alg IﬂenAr Ile Ile Arg 54. Arg Ile Val |le Arg Ile Arg
Ile Arg Leu Ile Arg 4 - - n a | _ '
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PCT/ | L98/ 00@eds/®80 Arg Ile Ile Val Arg Ile Arg Leu Arg Ile | PET/RS§/08B1 A g.

Ile
Ile
59.

Leu
Arg
Arg
Val

Lys
Arg
Arg
Ile
I'le
Tyr
Arg
73.

Val

Leu
Ile
Arg

Arg

Val
Ay
Val
Al a
I'le
Lys

G-y
Arg
Lys
Ile
Ile
Ile
Ile
Ile
Val

e
Arg
Lys
Lys
Leu
Lys
20

Ile

1A

Leu
Ile
Arg
Lys
Arg
Arg
I1e

98/ 37098

I e

Val

- 20

25

30

lle Arg Leu Arg Val Arg lle lle Arg 57. Lys Ile Val Ile Arg Il'e Arg
Leu Ile Arg 58. Arg Ile Ala Val Lys Trp Arg Leu Arg Phe Ile Lys 5
| 1224 BlgetFom niigsoscepy study\«fl basteyial|lysis | eThxr effen of thes peptide| 18&ommithe Tr p

wigomSlogygof fidarh Sl feasd ecieBe Pt sk aifls Selsmfic Befih o5°
Ar‘élcf+5%°ﬁ$ ‘ﬁgh%g %@ug AT gat,bt\}r‘gl\ﬂ é Arg) ﬁ'j &eb X?'caﬁs@ld bt lYéiy%flldé@Val

Arhctedia (Rig) 7U)€Hdv&.vb1y at donserittations [pwee thedhe MIQ pﬁtehﬁ werblobsdrye;d Al a
Arg lle IIe Arg Val sllelle 67. Arg Ile Ile Val HIS |le Arqg Leu
| | en thiesbaetesial M@llAﬁFgg L . Gkhese-patchgsemighy represept an jgitialistep ipthedytic | o
Val H's Ile Ile 15 69. Arg Ile Tyr Val Lys Ile H's Leu Arg Tyr

LyRfOP$SS- Arg Leu 70. Lys Ile Ay His Lys Ala Arg Val His Ile lle Arg
Ile lle 71. Arg Ile Tyr Val Lys Pro Hs Pro Arg. Tyr Ile Lys Lys. Ile
72. Lys Pro Gy His Lys Ala Arg Pro His Ile Ile Arg Tyr Lys Ile lle
| | 25Wbdé bEintexnctibn Mtlgphdns@hAhgxd_mnmreneer;ncpq the hrcgogm@l aefiyitiey of | | e

. Arg. lle Ile Val | |
Ly@ewéw 1830019 Wi, oty 2 el nion T prlids 1wy ol
gh(% Horlﬂf@ x%fq-fxb%}(és Hi co@ared £ Bafof hRlidYid bﬂeﬂ&elh@iﬁaﬂe'tﬁe Pads!l e
ys Arg Ile Arg 77. Arg Phe Ala Val Lys Ile

Ar gf tHeemehtbranes sdlgtmvitb'eobéexged.e (Fdrl ﬂaaﬂ_purpbges thel ability of firegpepticlesity

R Vit i e MRS N KNI
a?tltﬁn cdefifci P(tE o ;ﬁ/‘ﬁdt%s slog'i&eﬁgles '-a)ﬁa the R)chiétlﬁh%f Lys
Lys TTe Val Arg

| | ﬁxe‘irf tille wheh ‘bo&licgtol man&mged, iwereﬂdageltr;med | e VaI 82. Arg | I e I l e Val
LeuArigIIeIIeLsLﬁsIIeAr%LeuIIe va 46 :
Membrane pérmeability induced by the peptides. a"?’@T?Q’\?%b’@él

07 200 1 B T e R IS bl oSSl e

ﬂuorescent dye, diS-C2-5, and valinomycin. The kinetics of the fluorescence recovery was.

monitored with time and the maximum level reached as a’ function of peptide
concentration was determined. As shown in Fig. 8, both melittin and peptide 18 had
similar membrane permeating activity with .PC/PS vesicles, which demonstrated that . .
introduction of D-amino acids into melittin does not affect the ability of the resulting. |
diastereomer to permeate negatively chaigéd phospholipid (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
tested). o _'
_ 2.5.2 Binding Studies. The inebility of the diastereo_nﬁé_r 18 te permeate PC

- vesicles may be due to its inability to bind to PC or altemaﬁvely, 1t ‘may bind to PC '
vesicles, but once bound cannot orgamze into structures that induce membrane leakage. In B
_order to differentiate between these two possibilities, a bmdmg study was conducted The -
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 pM) of the
_peptide was titrated with the desired vesicles (PC' or P_C/PS) and an increase in the
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85. Lys Pro lle Hs Lys Ala Arg Pro Thr Ile Ile Arg Tyr Lys |
EXAMPLE 6. gﬂﬂsﬁgg”s and bi ol ogi cal activity of cyclic di astﬁm%%.lw

Desi-gn. The follow ng cyclic derivatives of di astereoners of pardaX| n

f t t h t d t, t he N-

Ly hes! sedhiatpiorbinf sty e P RriLIP Bl focbied T Plolesad Tl sl prases
|

e g st sy as.aegﬁﬁﬁfhﬁdzegﬁ.ﬂs% s s

K| D P riaf §- dhet tid 18 ith PC/PS

1 ot oy i 4 3 et e

Ser - Pr o- LeLFCP‘ﬁ'd that alppest EH@QW@S@%F%‘IWQ“QQ@@ gﬁgml@nga, lipidpeptide moles

[Dl Pl er @L rc]#é{o%':{: l—io%he%&] vﬂ Pef le%ﬁf‘eﬁ ase in, the fluorescence of the Trp

Cys-Lys e- Al a
Ser - Ser - Pr WHOP&&EM&BV&E whﬁtthbmﬁﬁil lﬁéx@‘pb’ﬁtﬁde@iﬁlai PatithRstea) whishrifidieated i C

derivatives of diastereomers of different amno acid residues wth cysteine
resi dues atthabthe pépsidedagscoCbingt to RC vesiclessy Binding isotherms werp sionstnged by g
Ile Val. Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg S clic Cys
Lys Pro G ypleitmg ¥Xsp Athg melgr mtie of koung peptide perg60Pp r°f %fstqtalehmd)evm O (the
Cyclic Cys Arg _Phe Ala Val Lys Ile Arg Leu Ar IIe Ile Lys Lys Ile Arg Leu
Ile Lys Lysequlbbwrg W@W@OW&ﬁ the Ereg peptedesingthe selption): (agures \B)| cThq @irfacey

2 b b 35 AR B e o

bot h tho N VARG ofEE %f'ﬁé.‘ésm‘%?%%s@%hgg. sauf N N S

PCT/ 1 L98/ 00 1
101 PORRE B Rl o kBB il s

Synt hesi s Oineh’&& Cbﬁﬁhi Glbazﬂx Eﬁﬁﬂa’ilglycé_ﬁﬂpﬁﬂéphhﬁdy@ﬁﬁﬂmée% $208 otthagtized
by a solid-phase neth o escrib i'n Experinental Procedures, section
(ii), vvithoLBesohiasdhvﬂlm;dsSenlngel%DéJ dues at both the Nand Ctermini of the

tid Th t t d t. b ct t he-
N Lorm Pl | act| Jhergpe AG the Plliner APHER of B pridL i opee nrReitn e

andreactlo £ r I t ¢l bpggﬂygt
resin. Afte{r;r = Pg%\(/agg%@g% E%WEH% %SW%Z%S%ﬁﬁeéthpt I des Weqyglﬁndmg

sol ubi | i zedisathekmvofcpeptidati8abendndownwBa ifdikating3a negativeogoopemtivitpn Avpessible

conpleted after 12
P explanation for this negative cooperativity 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 chargé effect. In addition, upon binding to the membrane

the peptide partially neutralizes the negative membrane surface charge. However, once the

'membrane surface charge is neutrélized, further peptide 18 binding is difficult, since

| fepulsion of like charges becomes the dominant factor. Similar results were obtained in

studies of melittin binding to negatively charged phosphoﬁpid membranes) (Batenburg et

| 25 ai., | 1987; Beschiaschvili and Séelig, 1_990). 'Interestingl}-', unlike melittin w}ﬂch binds
© strongly also to PC vesicles (Kuchinka and Seelig, 1989), peptide 18 did not bind to PC |

vesicles.

2.6 Tryptophan Quenching Experinients. A tryptophaﬁ residue naturally present in the
30  sequence of a protein or a peptide can serve as an intrinsic probe for the logaiization of the
peptide within a membrane.. Melittin contains a tryptophan residue at positioh 19, the

N-terminal side of the C-helix. With both melittin and peptide 18, the largest quenching
37



h. 'The cyclic ti des were further purlfled on RP-HPLC and subj ect ed to
am no acid 8§§P%° to confirmtheir conposition, and SDS-PA
their fononeric state. 15 6.3 Anti bacterial and henol ytic act|V|ty

Pepti des 86-88 were tested against E. coli _and aterium and hRBC._ The
results in %BVB‘%%M%&?HCQIW% Absesvedy with o, Beﬁrm%ﬁ wesiglese (Fig. 10). Less

Tabi o B M raERRRA PAEL e S0 HAC/RS R Helieast B Myt AP GRS: Thege of

the cyclic ﬁ@ﬁl%’iiﬁd"ca@@lhdiﬁiioﬂllﬁﬁdlﬁ% a8 %&ﬁleﬂﬁxe peptides were located near the head
M ni mal | nhi bi toré Concentration ([err]M Pept | dé Desi gnat I on

col i B. greppsiobthe phospholipidss henol ysi s (D21) - (Bnt1)

at 100 [err] M 86 30 10 _
'030. 3 87 - 15 - 6 0

88 EXAMPLE 3. Synfhedis and biological activify of model L s/Leu di WO

98/ 37090 081

6.4 Anti bacs.eryilLamthBtHOmeirs migm/i tSix dapérecnersor Sorvdineart sdeddi2-mer
against E. colj, B. subtilis ) aerij gi nosa.. The results in Table 8a_show
that all foBfPtidee pompesedof é@%%%aéloapé yane anddensineyverg fynthssized ipesder D tg

ort e ey o1 et R 6 afRRAI I A0 4 €06k DN el Bl
Pept i deiDes&ifigiehDeriteria nebessa®! for selective Badt?ériaﬂ ilfsis, akld (@?W%hﬁpﬁl%xght Yato the
henol ysis at 50 [err]M 92

0 93 ~ mechanism ug@rlymg thls effect.5 25 0 15
94
15 In the ﬁ?st series of éﬁodsel Lys/Leu l%mzﬂé pepml\ﬁ%57on§}ﬁ|f¢] oftheir, 4

bi ol ogi cal o) bﬂdet Wao totapbstdest Dywihe UciieRkiddes. HHRSTOELRANGY Sthe b-l\rrﬁl?& héifls

Usi ng -as tenpl ate peptide 23 and as nonomers peptide 23 or 24 with an
addi ti onal m@ﬂdneons@swt doellapentides ovhich iwasueongteated fior magimures phisruptical of

he fol d| duc
([0 o Srbelb SRR 'S Foids e Grbitsd Hlangofie peptide, leaving only very

(Lys- Leu- Legigre L!sﬂci’c?xe&%‘f Liegi- E&}ée&ﬁfﬁlel-i“a&ﬁfé L¥iis OYftieNEB N owingS p'eﬁﬁ'déselévere'
synthesized:

22. [D]-L3:4s8’10-K3L 9 of the sequence:

Lys-Leu-Leu?Leu-Leu-Leu-Lys-Leu -Leu-Leu-Leu-Lys-NH;

20 _
© 23.[D]-L3 :4’8’10-K4Lg, of the sequence
Lys-Leu-Leu-Le_u-Lys-Leu_-Leu—Leu -Lys-Leu-Leu-Lys-NH;
24, [D]-L3=4,8:10-K5L7, of the sequence

25 Lys-Leu-Leu-Leu-Lys-Leu-Lys-Leu -Lys-_L_gy—Leﬁ-Lys—NHz

) 25. [D]—L3’4:8:10-K7L5 of the sequence :

Lys-Lys-Leu-Len-Lys-Leu-Lys-Leu -Lys-Leu-Lys-Lys-NH,

In the second series of model_'Lys/Leu 12;mer peptides 26-27, two thirds of their
.30 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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Leu- Lys- Leu‘ﬁhe%,sl"? g - Lys-Leu-Leu-Lys-NH2 97 ([D]-L[err]-K5L7Q+,ﬁ§9§koosl _
t _ _ .

[D]-L[err] he sequence: .
(Lys-Leu- Leu- Leu-Lys-Leu-Lys-Leu-Lys-Leu-Leu-Lys-Cys-NH2)5 Lys-Leu-Leu- 30

L-Lys- Leu- Leuﬂghkalsy@légﬁéd_few HES%%‘L nthesis. In order to produce

t enpl at e- bd@n stere ©SeYeBSf DCC and bronpacetic acid
were allowed to at. 25 C,for, | ate 49 VO
98/ 37090 ]]:. saf.eu-Leu% s-Leu-L[e IEJu __yg—Leu'Lg_q—_ﬂz_-mCT/ | L98/ 00081

(peptide 23) was added to the reaction mxture and |eft under agitation for
12 h after which t ?h illﬁﬁiphi' i zed. The remai ni ng. bronpacetic acid
was extracti’gd[mm dr’y’ ESEAUEREE t hen reacted with excess of

di ast ereoners 230 4C with cystein heir C-term nus, in PBS
pH 7.3 &t 25 [er cy- M&@hﬁ;@iﬂgﬁ?&@%@r eoners 96 and 97
were further purified on RP- HPLC, and exam ned on SDS- PAGE to confirmtheir
aggregation stat .3; Ant | bact ek d. hennl ti act] vi

ol are- bound difia fiif Sfise S miled uffh BERREY 4 898% i, b Bombt Bissipmeomers
coli and B.yiBgsh ﬁg,ﬂ@gﬁh&g&@%dﬁberé@ecﬁmlts in Table 9 show that both

bundl e sequences are an terial and non-henolytic. Table 9 M ni mal
| nhi bitory Concentration ([err]M and henplytic activity of the bundles. 15.

_Mni mal ;o Nhikor ,Qq%q nt rr]M Peptide Designation E.
[ 10 mﬂbg e iu % e %aﬁglk%l ysis (D21) - (Bnl1)
at 100 [err]M 20I.,ys-Leu-LeuQﬁ,eu -Leu-Lys - 0.2 0. 05

0 97 : ©0.02 0 EXAMPLE

. 8. Synt hesi s and bi ol ogi cal act|V|ty of m xtures of Lys/Leu 12-ner -25 '
pepti de diastereo Pepti des were synt hesized by a solid phase nethod as
descri bed i29. @bég%éﬁﬂs Pf dheesegnense: section (ii) above. At each coupling
step a m xture conposed of 1 eqg each of | ysi ne, | eucine and D-1euci ne was
added to the reabys-heul: We!ﬁyngﬂéés‘_lp@sh)’% ed in a mxture of 3 12
different peptides. After HF cl eavage the peptides were extracted with

doubl e distille te and hili The m x e f the
Lysr Leu 1o- mrer - pEWa Lyl et diieane® peeordieg o thedusnsion thet vt sviiosiredt ¢
15 [err]g/ ) gﬁﬁg&} err]g/m) and hRBC(O%
henol ysi s ar%d{%g(iﬁ%l' e pée%érﬁegggﬂ P%%‘I gyluf%yhgg anti bacterial activity
but was nordh&jys/lyuifoeu Bou Lys Leu Lys Leu Lys Leu Leu Lys

" 32.Lys LeuLeuTeuLys Leu Lys Leu Lys Leu Leu Lys

20
3.2 Synthesis of LysILeu'diastereome_rs - The peptideS were syhthesized as described in
Experimental Procedures, section (ii) The peptides were then characterized with regard to
their structure, biological function and mteractmn with bacteria and model membranes
| composed of either zwitterionic or negatxvely charged phosphohplds
25

3.3 Hydrophobicity. The hydrophobicities and net positive .char'ges of the peptides 22-25
_ are listed in Table 4. Mean vaiues of hydrophobicity 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 51gn1ﬁcantly contribute to oxexall hydrophoblc
interactions with the stauonary phase
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- EXAVPLE 9. ®@r98i32890s and bi ol ogi cal activity of Lys/Leu/ D LelPCLMA%YAe08% -
copolyners. In order to produce diastereonmers of polyners of different

si zes, excess of N-carboxyanhydri-de residues over initiator free am no
acids were allowed to polynerize in 5 DW at- 25 [err]C for 4 h (Katchal ski
and Sela, 1958). Polyners consisting of_different ratios of |ysine, |eucine
and D-1euci ne were produced using di ff ke 4r ati os of

| ysine-N-c éﬁl?d?:h'éi ‘f{ﬁf}’ | .de and
D- | euci.ne- %’ggr ox;ll g{\ y ﬁ‘é@#&ﬁf‘é‘%ﬁ@gﬁﬁﬁg‘ﬁﬁgs and their
anti bacterial and henolytic activity are shown in Table 10. 10 Tabl e 10

M nimal Inhibitory Concentration err]M and henolytic activity of the
Lys/ LeuSD- Ll?@nudeﬁésbgm@ 15 M ni Met Charge bi t or s Kwdrepkabieity on ([err]g/n)

Am no Acids Ratio (Ml ar) -E. coli _ megat eri-um _ % henol ysi s
Lys: Leu: [Bj=teu (B2 —— (Bt at—166—ter+1+M 20
1:1:1 22, 90 +4 15 0.12 02: 11

35 N 8 : 03:1: 1 . 8

20 -23. 0 25 EXAMPLE 10. #Ahtifungal activPtOf of the :

di ast ereoners -n%‘g’ue antifungal acti viﬁ%y., of the _parda>6i g-deri ved peptides 1
and 16 (see Exanpre 1 above) was exai’ned in sterilé d8- vel | pl ates (Nunc
F96 micpotiter pjgates) in a final volgme of 100 [ertrhlapas follows: Fifty
mcroliters of a suspension containing fungi at concentration of 1 X 106

Col ony- Forning 30 Units (CEU) /" in culture nedium (Sabouraud' s gl ucose
broth mediunm) was added to 50 [err]L of water containing the peptide in
serial 2-fold dilutions in water. Inhibition of growh was determ ned by

measuring t SOr t 2_m. W a Mcr r El

(Bio-tek | ngsl?_r%g’te gt?t&gcgp ?’e r’ﬂgcnmllc :Vﬂg{atp? &iﬁ%cﬁg&%@tﬁgaﬁ?@% %%gfeé?ﬁ%g%z'zs
Antifungal wed HatkinhiBed \FRINE RRPCESSREra n 4b% TFBI ARlexpétiéd)iafer ?'rhconoration of
concentration (MC), the concentration at which 51 WO 98/ 37090 _
PCT/ | L9B/ 00D8min0 @ik, mei signal sras obsegveslfion allahe dibstencomgrsafdersonsiigting gfe lack of

i ncubation. The f.ungi used were: di al bi cans (| P886-.65). and

O ypt ococc A BST R Nesodapras iy (ARActanEiR). 1 Ra e ot Gatied Hess stidy. 4

and 16 shovgghae vt B 38hueiet liddrtial to that of peptide 23, but composed of only L-amino
acids, was found to have abqut 40% «o-helical structure in methanol and in DMPC
vesicles (Cornut et al., 1994). | ' |

20 . o
3.5 Antibacterial and hemolytic 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
melittin served as a control. ‘A direct correlation was found between the hydrophobicity
25 (Table 4) and the hemolytic activity of the diastercomers. Peptide 22, [D]-13:4,8,10.
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 signiﬁcanf hemolytic activity up to the maximum concentration
tested (100 pM). The hemolytic activity of peptides 22-29 is shown in Table 5. It should
30 be noted that although peptide 23, D]—L3,4=8;10-K4Lg, is not hemolytic ét conéenfrations

>100 fold of those required for sigﬁiﬁqant hemolysis by melittin, its entirely L-amino écid
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5 Table 11 M nimal I nhi bitc
-Concentrati ovﬁoef%zorg?l\/p of the diastereomers 1 and 16 agai nst: ?‘fﬁ%’éﬁ”"ﬂﬁ“ﬁ%mrn-
I nhibitory Concentration ([err]M 10 Candi da al bi cans _ _
Crypt ococcus is ' ' _ -65).,. ‘s
(1P960- 6) 1 Qﬁﬂﬁ%m% f50ki% r%gm 'tc?ﬂave hgmolytgé &%ﬁy sué%arltg that of mehttm
120 (~5 fold less) (Corhbtetbd, D9U)PLE 11. Anticancer activity of the

di astereonmers. The anticancer activity of the Lys/Leu diastereoners 23 and
24 (see Exanpl e 3 Howveptidess2223nwersdalagdested fopubeir 20tibaateniad cantivityoagainst a
Cells were seeded at.5-1 O/lwell, in.96-ywell mcrotiter, plates in.

Dol becoo: o ratPERbtR 0oL baRtafn in Whiclb feare e JLipSaptinr, 20 Saplitom seryed
of diluted peghirdR. SPHeekant MICST ' 5¢ THADR iDMetek
to give fi nal%gégﬁgent rations rangi.ag%lkl?or%gﬁmidgga% 515’%K[erémﬁ@6+ﬁ%%\ngﬁt§g¥$hal
i ncubat i on wiactivityef flepliastersomets22v2%was irodulated: Byethe dalunte betweenhgdrophsbicity
by Trypan blue (0.1%wyv) vital stajning assay. In control 25 experlnents

the peptide fafwnositivelyoshargedamingagidsy Hath thesmpst hysrephobisceaptide 22and; the most

Lhe i ai -0k bit ar ion(MQ, t :
Concent Fat 1 odSSTORAIRE pehBI s 4ibileydd el oG0E SiteeCin, Aptabterll akfiviy (Tabe o

. bation. - y . b g ' .

il o T 1 e ol {575 g8 N ek ety Ui ke of e

PCT/ | L98/1000®arcteaiptestebwith therformenhéing sbghtiyomorepatentt iFamthéfreore] é4chqfeptitie had

di ast ereoners agai nst _npuse agenqQgcar.ci.noms,. M ni,mal .| nhi bitaqr L
Concentrat T ot (HG1Y8 WPRERS: 86 BUCRHRHR Grtvit, "abd "Sach Was” acfiydqpore against
adenocar ci NOMGradipositive as compared to Gram-negative bacteria, 0 10 24

80 EXAMPLE 12. Activity of the diastereoners agalnst Lei shmania mexicana.
The 15 melittin-derived di astereoner peptide 20 (see Exanple 2 above) and

the Leu/Lys dj astereqner peptjde 23.(see anpl.e 3_abgve) were tested

agai nst Lei s%‘é V&f’r@‘ftﬁrﬁg@?”g ?@@%F"%‘é’cﬁéf’ aRfdhe &ya&ﬁ“c@ﬁa'emmman gerwym.
be assa : 3 : : e b Wi
100 1 ot A1 bovicharAied sHsble btaistio, Rlafohnid WS the TR, SHELY liudhd
g for 10 mi n the diasferconheTs,aettacyeiihe avak wested ini 2ifoldBSriabailitivns aghinsOBraidlomonas

phosphate, 150 nii NaCl 7). The washed pronastigotes were counted in
p_ .p aeruginosa (AT&% 2'}853) in the presencepof a consta%t equimolar concentration (1 uM)

of peptide 24, [D]-L3=4s8:10-K5L7_ Antibacterial activity of the mixtures v@as determined

as describe_d in Experimental procedures, section (xii). _ _

20 A synergistic effect was observed between fetracycline and the diastereomer 24.
‘Tetracycline shows little activity against P. aeruginosa. However, w.hen m‘ixed_Wi'th 1M
solution of peptide 24, a concentration which is 10 fold lower than that required for lytic
activity against P. aeruginbsa, an eight'fold increase in the activity of tetracycline was
~observed (Table 6). A possible explanaﬁon for the synergistic effect is that the peptide

25  slightly disrupts the bacterial wall which improves partitioning of teuacycline_into the
bacteria. This is supported by electron microscopy studies 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 acfiv_ity of peptide 24 and the native
antibacterial peptide dermaseptin against P. aeruginosa. and E. éoli was found to differ

30 considerably (Table 6). While dermaseptin was 8-10 fold less active in the presence of

| serum, peptide 24 retained its antibacterial activity.-
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a henocytoneter and adj usted to I x 106 parasites/m . Aliquotes
suspensi on WRPHIWEL ayed in a final volume of 100[err]l|

(nmotile) cells after 244 h_of incubation at 26 [err]Cin the ab

of this

by co®RGHRP/ANE ng.

]

ence or

presence of various cogtesirations.of the diastereoners. Anti -|Lei shnania
activities were expr es$das® he nioni &al o nhi big Oy 25 concerftration
(MO, the concentrati&h & which 100% death was observed after| 24 h of

i ncubation. It was fougd hat for peptide 23 the MCis 17 [err]Mand for
peptide 20 the MCis 32 [err]M EXAWMPLE 13. Antiviral activityl of the

di astereoner 23 - Sendail virus (Z strain) was 30 grown in theg allantoic
sac of 10- 11 day ol d enpbryonated chi cken eggs, harvested 48 h lafter

injection and purified. |The virus was resuspended in buffer co
mM NaCl, 20 mMtricineZp7. 4, and stored at -70%
/

haemaggl utinating acti \}Et was~ easur A kaefg
One nmicrolitre contai nef] ¥ 66006 HAU. 532 Z\0D3
PCT/ 1 L98/ 00081 Fresh h

for up to 1 nonth at 4 [erfb]C Prior to use,

7000 S ©

erythrocytes were

with PBS pH 7.2, gnd diljuted to the desired concentration (%v/y) weth the
sane buffer. Wi ri gns, erfythrocytes and peptides were mxed in defe;ent
orders of additior and garious anounts. The final incubation wapg al®ays at
5 37 [err]C for |60 m¥, followed by centrifugation at 5700 g for BO mn
to renove intact cells.3l =al | cases duplicate sanples were usef ang two
aliquots were takgn  tde SSupgkr fat ant a sa %o two el | g of a
96-wel | plate. The Ht Bf e%gll%bl n r%l e%sceamsnmnﬁm ored by meé’surl ng
the absorbance of {tkg wdlls with the ELISA plate reader at 540 hm -;
Antiviral activityj s expressed as the mnimal inhibitory concgntrgtion
(MCQ, the 10 conc tion at which no rel ease of henogl obin has served
after incubation. | sf faund that for the Lys/Leu di astereone pe@i de 23
the MCis 8§Q [err 52 WD 98/ 37090 g -
PCT/ |1 L98/ 00Q81 REFRE g Agawa Y., Lee, S., Ono, S., Aoyagi, B,
Chno, M, TaBi guch& Zah, a Knrlcno AY.A1991.J. Biol Chém 266:
20218- 2022255 2. txach“-‘ cS 'QndAHuBber! | ZWZL. &1988. Rrhe aggiegat i on
state of spin-labe] g iZtin in solution and bound to phospholi pi .
menbr anes: evi dencg menbr ane- bound nelittin is nmononmeric. Fbr Ot%l ns. 3:
230-242. - ' - - a, .
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- menbr anes.

3. Anderson Terw | Ilger T. C., Wckner, W, and Ei senber 0.
SMelittin forVHQ E’ngﬂ)al s which are sw ‘tabl e for hi gh.resol uti onf &41:?9"’&0%?
structural analysis and 10 whi ch. reveal a nolecular 2-fold axis of
symmetry. J Biol. Chem 255: 2578-2582. 4. . Anzai, K, Hamasuna, M, Kadono,
H, Lee, S., Aoyagi, H, and Kirino, Y. ’I_‘L“jlﬁ‘S Bi ochem  Bi ophys. Act a. 1064:
256-266. 5. Bartlett, G R 1959. Phosphorus assay in colum

~chromat ography. J. Biol. Chem 234:466-468. 15 6. Batenburg, A M]

Hi bbel n, J. Minimalnhhitstork Coicent®@fign (i)' ih theqredence pfhwmanséram aid swierdistio

into phosphol | pi d del nbranes. Bi ochim Bi ophys. Acta. 903: 155-165. 7.
Bat enbur g, M_&QJQE-Z— ., and de, K. B. 1988. Melittin-induced changes
of the r’r?croscop| c structure of phosphati dyl et hanol am nes.. Bi ochem stry. -

27: 2324-2331. 8. Batenburg, IE J eunissen, B. J.,

Verkleij, A J., and de, K M—L—w nof melittin with

negatively charged phOSphO|IpIdS _consequences for lipid organi zation. Febs

;ettCarz\zlgr 148- 154 9. Bazz? o :. Pastore EA'DI‘ y, T.

LH NV studspF Eﬁ%ﬁmion Euro%BeanOCBs‘VOSelrﬂrﬁ 139- 146owgemﬁp ﬂ%lbbﬁﬁﬂe

N., Friede Gui chard, G, Briand, J. P., Van, R M, and MilTer, S.

1993. J1@iol. Chéh 268: 26279-2BP85. 11. Hdschiaschvili, 7(3' and . Sé"elig,

J. 1990. Melqttin %gtrgil ng to m. phosp-haé@ yl gl ycerol / phosphati dyl %hol i ne
y. 29: 52-3538. 12. Be lte, R, Kaprtkovsky,

Coria, A, Sgdlit, |I. and Fridkiggy M 1990. Febs Lett. 30

© 274:151-155. 13. BoI en, E -J., and Holloway, P. ‘W 1990. Quenching of

t rypt ophan fIchrMé]sph@ce by br omi Gat ed phosphol i p| d. Bi ocheni stry. 29:

9638-9643. 55 WD 98/37090 -

PCT/ 1 L98/ 00 i oot Si ol ¢

innate i nity. Annu Rev. Immn 13 61 92 15 Chen H. C Brown, J.

H, Mrell, J. L., and Huang, C. M 1988.  Synthetic magainin anal ogues with

i mproved anfi Riesultsrire theantdan/oft/indEpndenteixperifafts eddpetfobmedin duplicdteyut,

|., Buttner, %msEhﬂaﬁwewahonlonO%Jd Duf ourcq, J. 1994. The anphipathic

al pha- hel i x, conc Application to the de novo design of ideally

~anphi pat hi ¢ L@G {eyf@c %l des with henolytic activity higher than that of

melittin. Febs Lett. 349: 29-33. 17. Denpsey, C. E. 1990. The actions of

“nmelittin on nmenbranes. Biochim Biophys. 10 Acta. 1031: 143-161.

20 3.7 Peptxde-mduced membrane permeation. Various concentrations of peptides were

mixed with vesicles that had been pretreated with the fluorescent dye, diS-C3-5, and

valinomycin. The kinetics of the fluorescence recovery was monitored and the maximum
fluorescence level was determined as a function of peptide 60ncentration (Fig. 13). 
PC/cholesterol vesicles (10:1) served as a model_ of the phospholipid composition of the
25 outer erythrocyte leaflet (Verkléij et al 1973), and PE/PG vesicles (7:3) was used to.
 mimic the phosphohpld composition of E. coli (Shaw 1974). A direct correlatlon was
found between the potentlal of the peptides to permeate model phosphohpld membranes
- and their lytic activity against erythrocytes and E. coli . Only the hemolytic peptide 22
permeated the z\'avitterionic'phosphio'lipid \'(ésicles. Furthermore, the ability of the peptides
30 to permeate PE/PG vesicles correlates with the antibécte_riél activity of the peptides against
E. coli (Table 5). Peptide 25, whlch has.the lowest antibacterial activity, also had
significantly decreased abiiity to permeate PE/PG vesicles compared to the other three
peptides 22-24. . N | . '
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18. Dhople, V. M, and Nagaraj, R 1993. d- toxin, unlike nelittin, has- _
only henol woessanepé vity and no antimcrobial activity: rati oRGNIESH00081 of

this specific biological activity. Bioesci. Rep. 13: 245-250. 19. Eisenberg,

D., Schwarz, E., Komarony, M, and Wall, R 1984. Analysis of 15

menbr ane af@ Electres eiprescopy studyufhacterial tysis. MEhesfiico phaiei diasiereomers@2o2s J.
MoL Biol. 179; 125-142. 20. Fisher, P. J., Prendergast, F. G, Ehrhardt, M
R, Urbauepn the morphplogy of trepted &epafioydvas svlsgh,ze&a using [transmisgiogy elecegn p.

J. 1994. : 68:x116R.L- : ' . : e P, i and
Shai, v, 10S0RgRYCpAILH Cebias byl 2ob s of i phirels gt BEXAC gpta mgfy
Fasman, G sHown)O6Howeosmwitrd the peptides were NitilizédNas Refdehtaficis édifesporlingité On
of protein conformation. Biochem stry. 8. 4108-4116. 23. Habernmann, E., and

Jent schi J80%906f7 thein MIC, somes differenceshy she morphelogy fathe 3reatsl bacteria were
Kat chal ski,, E., and Sela, M .1958..Adv..Protein Chem, 13: 243-492. 25.
Kach ke pbseriedd dépsdiing uppn the Beptidepbed. TRt oSk rapliobia pepiide A2 caused the
hosphati d g{l ?Jxﬁ' ' aﬁgﬁ@ | Ok o Hﬁ{fgi’ﬁdﬁ% el -
EeadPgr oupﬂgon orér%ttlg?rlf cel%} ‘gc em gnt%r y. 55"0%2&;%‘65%5 . LI L@H%zs only
Merrifi el deaused Bcal peatmbatians (Pig, 14nd Borman, H G 1988. Effects on

el ectrophoretic nobility and anti bacterial spectrum of renoval of two
resi dues fromsynthetic sarcotoxin I A and addition of the sanme residues to

P | L OBRAMBEE 4 Sybhesiy, anc Holagi, Wfiviey oot molfd Syl Bna, Lyprvar

1983. D ff grisperedmemit i al cascade. Conventional detection of transferable
menbrane pores. Biochem stry. 22: 837-844. 28. Merrifield, R _B., Vizioli,
L. D., and4ddiiasterspmer design Tofptherexaming whethesmodulatingyhydrpplabigityaand the

Rert e SRR e B AR et ofgRic R e Asocipppifacoria
ada, , ) , i | '
arvac. b BeReesiguts e SGER: 5y °G i 0% Sho*hhal V. 1996, A ol ass
pore- for i Ry G Tae  okulesd P BAMBESS Sol o Fi n'Par dachi 1S marror atus.
Eur. J. Bi oche&%%ﬁ%&aﬁégéla&f@&@ma%ym, D. and Mller, N~

1967. Phosphol i pr

20 34, [D}-V3:4.8,10.K4Vg of the sequence:
© Lys-Val-Val-Val-Lys-Val-Val-Val-Lys-Val-Val-Lys-NH,

- 35.Lys Val Val Val Lys Val Lys Val 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 synthesized as described in

Experimental Procedures, section (ii).

30 4.3 Antibacterial and hemolytic activity. Peptides 33 and 34 were tested against E. coli
and B. megaterium and hRBC. The results in Table 7 show that both model diastereomers

are antibacterial and non-hemolytic:
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Acta. 135: @?’%@és"% 33. Perez, P. E., Houghten, R A, and B Bﬁﬂé\%‘g’e‘% E-.
1994. Deternination of the secondary structure of sel ected melittin

anal ogues with different haenolytic 20 activities. Biochem J 34.
Pouny, Y., and Shai, Y., 1992. Inter actT#edt D amino acid incor por at ed
anal ogues of pardaxin with menbranes. Biochem stry. 39: 9482-9490. 35.
Rapaport, D., and Shal Y. 1992. Aggregatl on and organl zation of pardaxin
in phosphoIM' mahinhihitome €ondenf 568 andhemel dfthe péptidy

Chem 267: 25 6502 6509. 36. Rapaport D., and Shai, Y 1991.
Interaction of fluorescently |abel ed pardaxin and its anal ogues with lipid
bilayer§. J Biol. Chem 266: g 1 ory (3 i M) St ankowski, S.,
and Schwarz, G 1987. Alanethicin i ncorporat| onin lipid bilayers: a _

t her rmdynanI; 3 gk B| ochemi st'r 2 751-9. 30 38. Russell, P. E
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peptide al amethicin. Biophys. J. 52:7685-692. 40. Segrest, J. P., , L.
H, Dohiman,_J. G, Brouillette, C G, and Anantharanmmiah, G 5 M
1990. Anphipathic helix notif: classes and properties [publ i shed erratum
appears in Proteins 1991;9(1):79]. Proteins. 8: 103-117. 41. Shai, Y. 1995.
Mol ecul ar rMLE&aSUetmgme¢amdsbmﬁen@m| ces. TIBS. in press.

42. Shai, Y. 19 a ormation pel | ant ptj de
fromfish. 10 the TOWe oS AiSlercoBielE cBipuibe o IS ivénilsh c3fipodedlot
Caratsab, Gequenidedlof ¥; 812, 106! 15.25C26 anl BOLRSRLEY bFiwo, l?hreé%@f}nor'éediﬁ@ﬂaﬁfhng
and synt hesi s of pardaX| n, a poI ypeptl de fromthe Red Séa Mbses. sol

i onophor e #aningacids, wersynthesized242: 161- 166. 44. Shai, Y., Fox, J.,

Car at sch, h wards, C., and Lazarovici, P. 1988. 15
Sequenci ngggn{f Mﬁ@s‘l“?u daxi n, a polypeptide fromthe Red Sea Mses

sole with |39ngpglqara@L§§HlyL&yLeEEBS Lett. 242: 161-166. 45. -Shai, Y.,
Hadari, Y. R ,"and Finkels, A—1991. pH dependent pore formation properties
of par daxi moahaumésukrglau@gl_l Chem 266: 22346-22354.
20 - 41.LysProLeu His Leu Leu
 42.Lys Leu Ile Leu Lys Leu Val Arg

43. Lys Val Phe His Len Leu His Leu

44, His Lys Phe Arg Ile Leu Lys Leu

, 45. Lys Pro Phe His Hle Leu_HiS Leu

25 46. Lys Ile Ile Tle Lys Ile Lys Ile Lys Ile Ile Lys
47. Lys Xle Ile Tle Lys Ile LysIle Lysl_lellg. Lys
48. Lys Tle Ile Tle Lys lle Lys Xle Lys Ile Ile Lys

49 Lys Ile Pro Hle Lys Ile Lys lle Lys Ile Pro Lys

50. Lys Ile Pro Ile Lys Ile Lys Ile Lys Ile Val Lys

30 51. Arg Ile Tle Ile Arg Ile Arg Ile Arg Ile Xle Arg
52. Arg Le Ile Ile Arg Ile Arg lle Arg Ile Hle Arg
53. Arg Ile Il Ile Arg Ile Arg Ile Arg lle Ile Arg
54. Arg 1le Val Ile Arg lle Arg Jle Arg Leu Ile Arg
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Typeptides and proterns in
Sol uti on. eidamdmsfx;legwase&ﬁbuﬂemmm& Norman, D. G,
Barrow, C. b at.el 1991. Sol ution
structure 8‘2 %mﬂé n%‘ @&gﬁ}s @aﬁbﬁ-éﬁﬂa—w WO 98/ 37090
PCT/ 1 L98/ 068 &is? ﬂdﬁﬁ W&EWM&W 5 (1) APPLICANT:
(A NAI\/E YEDA RE
- 69. Arg Ile Tyr Val Lys Ile His Leu Arg Tyr Ile Lys Lys Ile Arg Leu :

70. Lys lle Gly His Lys Ala Arg Val His lle lle Arg Tyr Lys Ile Ile

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 Ile Ile Arg Tyr Lys Ile Ile

73. Lys lle Val lle Arg Ile &gﬂe Arg Leu lle Arg Ile Arg Ile Arg Lys Ile Val

20 74. Arg lle lle Val Lys Ile Arg Leu Arg Ile Ile Lys Lys Ile Arg Leu Ile Lys Lys

75. Lys lle Gly Trp Lys Leu Arg Val Arg Ile lle Arg Val Lys Ile Gly Arg Leu Arg
76. Lys Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg _I_lg Arg Lys Ile Val Lys Val
Lys Arg e Arg B |
77. Arg Phe Ala Val Lys Ile Arg Leu Leu Arg Ile lle Lys_Lys_I_l_e Arg Leu Ile Ile Lys Lys Ile
25 ArgLys Arg Vallle Lys )
78. Lys Ala Gly Trp Lys Leu Arg Val Arg Ile Ile Arg Val s Ile G!x Arg Leu Arg Lys
-Tle Gly Trp Lys Lys Arg Val Arglle Lys

79. Arg Ile Tyr Val Lys Pro His Pro Arg Tyr Ile Lys Lys Ile Arg Len
80. Lys Pro Gly His Lys Ala Arg Pro His Ile Ile Arg Tyr LysIle Ile

30  81.LysHe Vallle Arg Ile Arg lle Arg Leulle ArgIle Arg Ile Arg Lys 1le Ile Val

82. Arg Ile lle Val Lys 1le Arg Leu ArgIle ll_g Lys Lys lle Arg Leu Hle LysLx_s

46



(B) STREET: Wei zmann I nstitute of Science, P.O Box 95 _
(O dTIY: R@&’%’P&C’E) COUNTRY: |siael (F) POSTAL CODE (ZIP): %%I’é’o"s("&ﬁm. -
TELEPHONE: 972- 08- 9470617 (H) TELEFAX: 972-08-9470739 15 (ii) TITLE OF

| NVENTI ON: oANT1 PAT N, T| DES. AND TI ONS COVPRI SI NG
IR - b 25 O TR i CE PR (A)
MEDI UM TYPRy SOND FRATI
Svorem | pots D@#?H@Wﬂ[ﬁ@@h%ﬂﬁ&g%&%iﬁam ease #1.0,

Ver si on #1 8S0Ly£PED Iie\His CyRRAnA a0 ThrllNe BAT LyrARs Merfle ON NUVBER: (Vi)
PRI OR APPLI CATI ON DATA: 30 - . (A) APPLI CATI ON NUMBER:

PCT/1L97/ 00066 (B) FILING DATE: 20-FEB-1997 (2) | NFORVATI ON FOR SEQ I D NO

1. 35 gl 1S W' B) TYPE:
am no ¢(31 [ d%@ s asﬁlﬁnqﬁ gﬁ“& J?cy’éﬁ’c %&9"[@% ( )I I near
(i) MOLECYEDE TH@ﬂill(ﬂﬁnﬁlA clic derfvatives éﬁd@r&&iﬁeﬁ@ﬂﬁdaﬁ@ﬁaﬁ'ﬂ% with
peptide 1 (ix) FEATURE: KEY Modi fied-site 50 (B)

LOCATI ON: greystging residues a9 owhe OF ek Crtermimeraonthesigadict = " D-ani no acid
resi dues” & é FEATEE) MW KEY: Mdified-site 55 _ (B)
LOCATI ON: 386¢ Byclii I[Erd2]-prnef fbe seqUEMER" - )

| Cys-Lys-Gly-Phe-Phe-Ala-Leu-lle-Pro-Lys-Ile-Ile-Ser- '
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-Cys

10

87 Cycllc K! KZ[D]P7 L1819 [1-22]-par of the sequence:
Cys—Lys-Lys-Gly-Phe-Phe-Ala-Leu—Ile-Pro-Lys-Ile-Ile-Ser-
Ser-Pro-Leu-Phe.Lys-Thr-Leu-Leu-Ser-Ala-Val-Cys

15

88. Cyclic K! K2K3 [D]P7 L18L19[1-22]-par of the sequence:
. | Cys-Lys—Lys-Lys-Gly-Phe-Phe-Ala-Leu—Ile—P__;'_p-Lys—Ilé-Ile-
_ Ser-Ser-Pro-Leu-Phe—Lys-Thr-Leu-Leu_-Serf_Ala-Val-Cys

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

with cysteine residues at both the N- and C-te'm_lini were synthesized:

89. Cychc Cys Arg Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Ile Arg Cys _ |
25 90, Cyclic Cys Lys Pro Gly His Lys Ala Arg Pro His Ile Ile Arg T _1!_‘ _x__Ile Ile Cys
91. Cyclic Cys Arg Phe Ala Val Lys_Il_eA_g Leu Arg Jle Xle Lys Lys Ile Arg Leu Ile Lys
o Lys Tle Arg Lys Arg Val Tl Lys Cys
92. Cychc CysLys Leu Leu _Len Lys Leu Leu Leu Lys Leu Leu Lys Cys
93. Cyclic Cys Lys Leu Leu_Leu Lys Leu Lys Leu Lys Leu Leu Lys Cys
30 E : _
The following cyclic derivatives of diastereomers of different amino acid residues
without cysteine residues at both the N- and C-termini were synthesized:'
—r



/note= "two ami noethyl am no groups are attached at the Gterm nus" 60 (xi)
SEQUENCE DWSCRVITION: SEQ ID NO 1: Gy Phe Phe Ala Leu || e PEHILIBH08e || e

Ser Sér. Pro Leu Phe Lys 1 57 . 10

15 65 60 8/.37

PCT/ | Log/ Ros F¥mLYS ugesgé@aw&%wésy Ié’éMIae“LIe’G P ser ser ay ay
dn 20 30 Gu 5 (2) | NFORVATI ON FOR
SEQ ID NO  2: ('H—SE@EVCE CHARACTERSTHCS™10 ' (A) LENGTH. 22
am no aci oy, ( BINTYEfs LewrLen Joai DyyKdu SEIAERNESSLes Lygh-€Q D) TOPOLOGY:

|'i near 15 (ii) MOLECULE TYPE: peptide (vii) | MVEDI ATE SOURCE: (B)
CLONE: peptide 220 (ix) EEATURE: (A) NAMELKEY: Nbdifi site (B)

LOCATI QN\: gr oup( 7, 18, 19) (D) OTHER | NFORMATI ON: / product= "D-am no acid
resi du€s" 25 (ix) FEATURE: (A) NAVE/ KEY: Modified-site (B) LOCATI ON: 22 (D)

OTHER | NFWMIP oPdHE lcy 19553%5“6”(9&3 The cyclic gpndes wereéa}}%\‘séée@%y a

am noet hyl ami o group is attach t he C-te mn
DESCRI PTI (Q¢lidSiifas¢ mefiod 2% des&lﬁadmnlﬂxpeﬂmntél Brdcedured, eed?rm (Liy,swithat lolr avithe r

ser Pro Legystf;r:r?e Ir_e)gtsdues at both the N and C-termini of the peptides. The cyclization without
cystein was carried out by protecting the N-terminal, activating the . C-terminal,

10 .deprotection of the N-terminal and reaction of the C- and-N-terminal groups while still

bound to the resin. After HF cleavage and RP-HPLC pﬁriﬁcation the peptides were

solubilized at low concentratibn in. PBS (pH 7.3), and cyclization was t:_ompleted after 12

h. The cyclic peptides were_-ﬁ.xt'ther purified on RP-HPLC and subjected to amino acid

-analysis to confirm their composition, and SDS-PAGE to confirm their monomeric state.

15 . : . : _
6.3 Antibacterial and hemol_ytic activity. Peptides 86-88 were tested against E. coli and
B. megaterium and hRBC. The results in Table 8 show that all three cyclic
pardaxin-derived diastereomers are antibacterial and non-hemolytic: |
20 | ~ Table8
'Minimal Inhibitory Concentration (uM) and hemolytic _activity of the cyclic -
pardaxin-derived diastereomers.
s - Minimal Inhibitory Concentration (uM)
Peptide Designation E.coli -~  B. megaterium ~ % hemolysis
21 - (Bmll) -~ at100uM
8 30 10 | 0
30 87 15 6 0

8 75 2 - 0
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T | 10 Leu
Ser- Al a *Val Wﬂ)"%7§9“ 20 (2) | NFORMATI ON FOR SEQg?yH«?ﬂL“WP}i i) -
SEQUENCE CHARACTERI STI CS: 45 (A) LENGTH: 22 am no acids (B)

(TuYup)E N%r_n E?:&.‘ECI %“;SB%FA “y%%%}ic |"?€*&’Ié%( EP%&%QSOY%BS" %éaxﬁ%p@ 94, 8. 55

| FEATU D).
OTHER | NFCREROTERP ‘?\%éﬁ%” s D icBlesShi Table e e e i?‘;‘&%@é‘bﬁ&f&é"%ﬁg )

DESCRI PTI %eﬁﬁbdcfériﬂ)n&norﬁxqmﬁlyﬂc Phe Ala. Leu Ile Pro Lys Ile Ile Ser Ser
Pro Leu Phe Lys 65 5 - 10

15 61 WD 98/ 37090 -
PCT/ 1 L9§/ 00081 Thr Leu Leu Ser Al a VaI Afaql - (2) | NFORMATI ON' FOR SEQ ID -
NO 4: (i) SEQUENCE CHARACTERI STI CS: H. 23 amino acids (B) TYPE:
amno. acid 10 (O STRANDEDNESS single (D TOPOLOGY: |i near.
(ii) MOLECULE TYPE: peptide 15 (vili ) | MVEDI ATE SClJRCE (B) CLONE: peptide 4
(i x) FEATURMinimal Inhibitory Concentyafi o o ftysofithe cyclic diastereomers.

Minimal Inhibitog' Concentration (uM)

N Peptide Desig’nation . E.coli - B. subtilis .P.'aeru'ginosa % hemoiysis
- _ . at50 uM
92 o125 12 250
%3 15 s s 0
15 94 s 15 30 0
95 s 6 200 o0

20 EXAMPLE 7. Synthesis and blologlcal actmty of bundled Lys/Leu peptlde

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 respectlvely, the following
bundle-sequences were produced _
25 96 ([D}-L3:4,8,10.K 41.5C)s [D].-L3f‘_‘_’8’1.0-K4L3 of the_sequ-ence:
(Lys-Leu-Leu-Leu-LysiQu-LeuJ.,il-ﬁysﬁx-Leu—Lys—Cys—NHﬂs Lys-Leu-Leu-
Lgx_—Lys-Leu—Leu—L_gl_x_-Lys-Lgn-Léu—Lys-_NHz - - |
-97. (ID}-L3.4.8,10.K sL7C)s [D]-L3:48,10.K4Lg of the sequence: |
(Lys-Leu-Leu-Leu-Lys-Leu-Lys-Leu-Lys-Leu-Leu-Lys-Cys—NHz)s Lys-Leu—Leu-
30 Leu-Lys-Leu-Leu-Leu -Lys-Leu-Leu—Lys-NHz

7.2 Synthesis. In order to produce templéte-bound diastereomers, 1:1 molar ratio of DCC

‘and bromoacetic acid were allowed to react in DMSO at 25 °C for 1h. The template
| 4



-~

(B) LOCATION:group(8, 19, 20) (D) OTHER I NFORVATI ON:/ product= "D-am no acid
resi dues" (vwe¢pshdd URE: 25 (A NAI\/E/ KEY: Mbdi f | mgmoﬁﬁ)
LOCATI-ON: 23 (D) OTHER | NFORMATI ON: / prooduct = "OTHER" /note= "an

am noet hyl ami no group is attached at the C-termnus" -30 (xi) SEQJENCE

DESCRI PTI O@:@E@zh%a&d ¥ r@a&xoﬁhﬁxﬁﬂéaﬂ feflidet hEtR6R fhYD h hﬁeﬂ Whicker
Ser Pro Le

15 Lys Thr theeDM&Qumtyoﬁhdleé.l TBOresaining b)ommmdwﬁmmmamth&
e T bbb ko S
FEATORE:  sissiue” 6P teft® CHlrib), i MR DA EA e B £6) %%%ﬁgr S

20, 21)s( Dh:ﬁ&%&&dﬁ@%ﬁ\ﬂ Wéré Afrdet! me@@mwm'ﬁdrm%n $D8)PAGE

FEATURE. 60 (A) NAME/ KEY: Modi fied-site (B). LOCATION. 24 (D)
OTHER |- NmefmmpK@éwgﬁlmﬂmER /note= "an ani noet hyl ami no group is
attached at the C-term nus" 65 62. VO 98/ 37090

PCT/ 1 L98/ 00081
7.3 Antibacterial and hemolytlc actmty The template-bound diastereomers

dxastereomers 96 and 97 were tested against E. coli and B. megaterium and hRBC. The
10  results in Table 9 show that both bundle sequences are antibacterial and non-hemolytic.

Table 9

Minimal Inhibitory Concentration (uM) and hemolytic activity of the bundles.

15 : '
Minimal Inhibitory Concentration (pM)
Peptide Designation E. coli B. megaterium "~ % hemolysis
' _(D21) __(Bml1) __ at100 M
20 9% 0.2 005 | 0

97 01 - 0.02 0

EXAMPLE 8. Synthesis and biological activity of mixtures of Lys/Leu 12-mer

25 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 synthesis

 resulted in. a mixture of 3 12 different peptides. Aftef HF cleavage the peptides were
extracted with double d1st111ed water (ddw) and lyophlhzed _

30 The mixture of the Lys/Leu 12-mer peptlde dlastereomers was tested against E.

coli D21 (MIC. 15 pg/ml) and B. megaterium Bm11 D21 (MIC: 3 pg/ml) and hRBC (0%

~ hemolysis at 100 uM). As expected, the mixture had antibacterial activity but was

non-hemolytic.
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(xi) SEQUEN PTI ON: SEQ ID NO 5 Lys Lys Gy Phe Phe Al a

Pro Lys ]|e%?§5§$559r Pro Leu 5 5 CT’IL%I’OJMF
10 15 Phe Lys Thr. Leu Leu Ser Ala Val 20 10 (2)

I NFO?I\/ATI ON FOR SEQ ID NO 6: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 24
amno acids (B) TYPE: am no acid 15 (C) STRANDEDNESS: single
(D) TOPALOGH xAMgim 9! | SyfiedicUnkd T HistogiesP ! adiitg? o(fV'n 5 W &l Eratdlite™
(B) CLONE: peptide 6 (|x)yFEATURE 25 g @ Nil\/@ :

-|\/de fied-si tqm(lﬁ):etmﬂir&ﬂ tgrpruqh(dé dlﬁKnereamrs(d)DpcﬂyitﬂER dfNEfDERAT ik, /axtend oft =
"D-am no acjd residues” 43_ %JENCEDE | PTION: SEQ I D NO, 6:
Lys Lys @ yNesaebegyanhydridedgsiflues q’-%mt%oq % amino agids yere pllqwediig pplymerize in

Ser Al a Yal D%F & %5 I%&%?Mhé& %’E&% 1%%8)33%1%}831—5 coﬁgi?m'(ré/ ?f %@%&%@u

CHARACTERI S3f Clysirfe) 1bdiiel Hand 1 DMeudineacivete (}Eibdi{ééBE uship NQiffsrest (fakios of
STRANDEDNESS: single (D) TOPOLOGY: linear 45 (ii) MOLE E TYPE: peptide

(vii) | MVEDysipe-NGerkoryasydride, leucine-N¢caybogyamydridept ante D-{leucine-NARIREy
VE/ fj.ed- B). L OTHER
 NFCRAT] O Bl T B e bea&é%%a@%gﬁ%ﬂ B Feme AP IR by

Modi fi ed- si fnel'able 10.
10 .

Table 10

Minimal Inhibito;y Concentration (uM) and hemo’lﬂic activity of the Lys/Leu/D-Leu

copolzmers.-
15 . :
' Minimal Inhibitory Concentration (ug/ml)
Amino Acids Ratio (Molar) ~ Ecoli - megaterium : % hemolysis
Lys: Leu: [D]-Leu (D21) (Bml1) _ at 100 uM
20 1:1:1 . 9 15 - 0
2:1 : 1 : 35 8 0
3:1 : 1 .80 | 20 | 0
25

EXAMPLE 10. Antifungal activity of the diastereo_mei‘s ~ The antifungal activity of
the pardaxin-derived 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 pL as follows: Fifty

" microliters of a suspension containing fungi at concentration of 1 X 106 Colony-Forming -
30  Units (CFU)/ml in culture medium (Sabduraud's glucose broth medium) was. added to 50
nL of water containing the peptide in serial 2-fold dilutions in water. Inhibition of growth
was determined by measuring the absorbance at 492 nm with a Microplate autoreader
E1309 (Bio-tek Instruments), after an incubation time of 48 h at 30°C. Antifungal activities
were expressed as the minimal inhibitory concentration (MIC), the concentration at which
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(B) LOCATI ON: 11 60 (D) OTHER INFO?IVATI ON: /product— ' OTHER"

/ not e= " ANONB/BIBBTHYLAM NO GROUP | S ATTACHED AT THE C- TERM WG3/IL8H00081 . °
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 7: 63 WD 98/ 37090 S

PCT/ 1L98/ 00081 Gy Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser 1 :
5 100% inhibition aDgfowth (2 obbdr@E\Mfteras Emlmmm Nhe fungi jusedSmEXsENCE

?é?%‘iﬁb@&éisa g (O Q01051 el P4 meploraR IR DT A SRR e
peptlde 8T%l) 1|1 %ﬁé@%ﬂ?ﬁﬁ%@ﬁ%@ SEI tSSJ(Rg)E LgIB:?ATICLO?\I?IfB (D)

OTHER | NFO?I\/ATI O\I [ product = "OTHER' 25 - / note= "TWO

AM NOETHYLAM NO GROUPS ARE ATTACHED AT THE C- TERM NUS' (xi) SEQUENCE
DESCRI PTION: SEQ ID NGO 8: 30 Gly PheTphle i 2 Leu Ile Pro Lys Ile Ile Ser

Ser Pro Leu Phe Lys 1 5 10 :
15 Thr Leu Leu Ser Ala val d y Ser AI a Leu Ser Ser Ser dy GI y @n 35
20 hi | ON FOR

LENGIH: 33 am no acids (B)
Mmlmal Inhlbltog Concentratlon M)

TYPE: am ho aci d

10

Candida albicans Cryptoéoc¢usneojbrmans

- Peptide Designation __(IP88665) ___ (IP960-67)
1 35 | 50

6 120 150
15 | '

EXAMPLE 11. Anticancer activity'of the diastereomers. The anticancer activity of
the Lys/Leu diastereomers 23 and 24 (see Example 3 above) was examined against mouse
20 adenocarcm_oma. 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% wrv) vital staining assay. In control
25  experiments the peptide solvent alone...Was added to the cellé. Anticancer activities were
expressed as the minimal inhibitory 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 against malignant cells.
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45 ' &3 STRANDEDNESS: single. (D) TOPOLOGY: Ilnear (PI NL']_ECULE
TYPE: pepu&é"g %ﬂe?l) | MVEDI ATE 'SOURCE: (B) CLONE: peptide 9

55 . (A) NAVE/ KEY: Mbdified-site (B) LOCATION: 13 (D) OTHER

| NFORVATI ON: / pr oduct = " D- AM NO ACI D RES|DUE" (i x) FEATURE. 60

(A) NAVE/ KEY: Nbdified-site (B) LOCATI Olable 12D)  OTHER | NFORMATI ON: / pr oduct =
"OTHER' /note= "TVO AM NCETHYLAM NO GROUPS ARE ATTACHED AT THE C- TERM NUS'
65 64 WO 98/ 37090

PCT/ | L98/ 00 8ii ehirS{dnl . {ek2ohers &hairst inddge Phe Al a Leu
Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe. Lys S 1 _ 5
10 adenocarcinom& Thr Leu Leu Ser Ala Val Gy Ser Ala Leu Ser Ser Ser
Ay Ay @n 20 25 . 30 10 Gu (2)
| NFORVATT ON FOR SEQ I D NO 1Q:.. ' EN CHARACTERI STICS: (A

LENGTH 33 anino acids (B) Tvdinimabinhibitory GConeentigtion ﬂu’g ESS: single (D)
TOPOLOGY: linear 20 (ii) I\/[J_ECULE TYPE pept | de (v) FRAGVENT TYPE: i near
25 (vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 10 -

Peptide Designation - mouse adenocarcmoma
23 _ : - 50

0 24 e 80

" EXAMPLE 12. Activity of the .diastereomers against Leishmania mexicana' The
15 mehttm-denved diastercomer peptide 20 (see Example 2 above) and the LewLys
dlastereomer peptide 23 (see Example 3 above) were tested against Leishmania.
Promastigotes of the Leishmania mexicana NR strain to be assayed were cultured at27 °C
in RPMI 1640 medium supplemented w1th 10% fetal bovine serum. Parasxte were
harvested by ce_ntnfugatlon at 12_00 x g for 10 min at 4 °C and washed twice with PBS (50
20 mM Sodil_.lm phosphate, 150 mM NaCl, pH 7). The washed promastigotes were counted in
a hémocytometer and adjusted to 1x 106 parasites/ml. Aliqubtes of this suspension were
assayed in a final volume of 100 ul 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
25  concentration (MIC), the concentration at which 100% death was observed after 24 h of
incubation. It was found that for pépﬁde 23 the MIC is 17 pM and for peptide 20 the MIC
is 32 WM. | |

EXAMPLE 13. Antiviral activity 6_1‘ the diastereomer 23 - Sendai virus (Z strain) was
30 . grown in the allantoic sac of 10-11 day old embryonated qhickén eggs, harvested 48 h after
injection and purified. The virus was 'reSuspended in buffer composed of 160 mM NaCl,
20 mM tﬁcine, pH 74, and stored at -70 °C.. Virus haemagglutinating activity was
measured in haemagglutinating units (HAU)‘.' One microlitre contained ~ 60000 HAU.

. _ _ 53 _



(i x) FEATURE: 30 | (A) NAVE/KEY: Modified-site (B)

LOCATI.ON: grvomip#/$709.9) (D) OTHER | NFORMATI ON: / product = " D- AV IROTAL3&®00s1
RESI DUES"- (i x) FEATURE: 35. (A) NAME/ KEY: Mbdified-site (B) -
LOCATI ON: 33 (D) OTHER | NEGRVATI ON: / product = " OTHER' / not e= - TWD

AM NOETHY| PresiNBrGRObIRS dARE ohfﬁtﬂﬁfﬁnammhﬁbﬂa&amm%form Xl JnoSEQIENCE.

DESCRIPTIO\I SEQ ID r 10:- dy Phee(rhe Ala Leu Ile Pro gl lle Ile Ser_ Ser
Pro Leu PhiXiQni@ uss, erythrocytes were washed twice with PBS pH 7.2, and luted to thedesired

15T et fon oy N3y e S Al O R o eﬁ‘&ypgﬁgﬁ%%&%ﬁd =

.(I ) SEQUENgHIiffelinAcider SiTadditiod Ald dridus Hmondtsa MThkofindl ificubation Wikl
acid (C) - STRANDEDNESS: single (D TOPOLOGY: l|inear 60 (ii) MOLECULE TYPE:

pepti dé (V37 PRAaNVENmimTiolowed by centgifugation at Gigd®g/fa7®min to remove intact cells.

FEATURE: | ot all casts ddplictlsablos ek syed s aigbale iep ke 6omt et geibmeisnt,

| 19) (D) derﬁ%ch'\é%% @é évens)dﬂﬁt%-wéh AMNOCTACKR RESS EhER glbbitt refeRETHWRE:
KEY: Modified-site

momtored by measurmg the absorbance of the wells with the ELISA plate reader at 540

nm. Antiviral activity was expressed as the minimal mhlbltory concentration (MIC), the
10  concentration at Which o release of hemoglobin was observed after: incubation. It was

found that for the Lys/Leu diastereomer peptide 23 the MIC is 80 M.

15
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(B) LOCATI OTHER | NFORMATI ON: / product = " OTHER' /note= " TWD
AM NGETHYL,%H?% PS ARE ATTACHED AT THE C- TERM NUS' 15 (xi FCIHERRAQeR . .
DESGRI PTION:  SEQ | D NO 11 Gy Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser

Pro Leu Ph 5 - 10 _
15 Thr Leu%ﬁ@%§ Val Gly Ser Ala Leu Ser Ser Ser Ady Ay dn 20

25. 30 25 Gu (2) INFORMATION FOR SEQ ID NO 12: 30
(1) SEQUENCE CHARACTERI STICS: (A) LENGTH. 33 amino acids (B) TYPE: am no

acid (O smANms’ LengS.c OnD) STERPegSH.] Ohnp, 1)95, G’l:aéiilgEudW_'EtClAc.;Eal'{gP(Eanc)l
tid i) | T pepti de I X
EERTIURE(\(”AI)) @ F?\ﬁd:j $ bé%z?é)z@éﬁﬁﬁéﬁ 7 45

T g B O PPt A

| NFORVATI ON: / progetittin = in C8d1&tion / andt dsund O phivs Lytyvinl efbE that
ATTACHED AT THE C- TERM NUS' 55 (xi) SEQUENCE DESCRI PTION: SEQ I D e
12: @y Phe Phéngmbrapepoundmplitiniy soppmericoProgingdt 239-342.eu Phe Lys 1

Al
\5/al Ay SerA ﬂdgﬁsogeg) ngrvgg?ge@}- & Wﬁlﬂ’%g&l and Elsenberl‘g,l_ﬁu 1|9§§5§f Jitfin 2

30 Gu 65 66 forms crystals which are suitable for high resolution X-ray structural analysis and
10 | which reveal a molecular'Z-fold axis of symmetry J. Biol. Chem. 255: 2578-2582
4 Anzai, K., Hamasuna, M., Kadono, H., Lee, S, Aoyagx, H., and Kirino, Y. 1991.
_ Btochem Biophys. Acta. 1064 256-266. .
5. Bartlett, G. R. 1959. Phosphorus assay in column chromatography. J. Biol. Chem.
234: 466-468. o o
15 6. Batenburg, A. M., Hibbeln, J. C., and de, K. B. 1987. Lipid specific penetration of
' melittin into phospholipid model membranes. Biochim. Biophy&. Acta. 903: 155-165.
7. -Batenburg, A. M., van, E. 1, and de, K. B. 1988. Melittin-induced changes of the
B macroscopic structure of phosphatidylethanolamines. Biochemistry. 27: 2324-2331.
8. Batenburg, A. M,, van, E. I, Leunissen, B. J,, Verkleij, A. 7., and de, K. B. 1987.
20 . Interaction of melittin with negatively charged phospholipids: consequences for lipid
organization. Febs Lett, 223: 148-154. . S o
9. Bazzo, R., Tappin, M. ], Pastore, A., Harvey, T. S., Carver, J. A., and Campbell, I.
D. 1988. The structure of melittin. A IH-NMR study in methanol. Eur. J. Biochem.
173:139-146. | | S
25 10. Benkirane, N., Friede, M., Gﬁichard, G., Briand, J. P., Van, R. M., and Muller, S.
1993. J. Biol. Chem. 268: 26279-26285. - |
11. Beschiaschvili, G., and Seelig, J. 1990. Melittin binding to mlxed
phosphatldylglycerol/phosphatldylchohne membranes Biochemistry. 29: 52-58.
- 12, Bessalle, R,, Kapltkovsky, A., Goria, A., Shalit, I. and Fridkin, M. 1990. Febs Lett
30 274: 151-155. - |
---43. Bolen, E. J., and Holloway, P. W. 1990. Quenching of tryptophan fluorescence by
 brominated phospholipid. Biochemistry. 29: 9638:9643.

55



WO 98/ 37090

'PCT/ | L98/ 00W198(32§90] NFORMATI ON FOR SEQ I D NO. 13: (i) SEQJEN@CTIH-%/OOOSI
CHARACTERI STICS: (A) LENGTH: 33 amino acids 5 . (B) TYPE: anino
aci.d (C) STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (ii) MOLECULE TYPE: -
peptide 10 l¢vi BomamEDCatEIEdoRtxe aqtibjotigs@re theiessls ndnuge igmunity. Az Rev.
FEATURE: (A) N?I\/E/KY @) fied-site (B) LOCATION: 7 (D) OTHER

| NFORMATI ON: / pt 0atct = NO ACI D RESI DUE" 20 (xi) SEQUENCE DESCRI PTI ON:

.EEQ I1D NO 153: CHex, ﬁhe %}ewﬁlﬁfteMoféneJFir.Oaﬂd/Huhﬁged e, 1988. %m&@xgggar%@he
ys '

Leu Leu Ser Al analaguea\ylﬂsenpw@ a_réumwbl$ectn8tyr Febs/Latl. 236 4622466.

SEQUENCE ammgﬁ@etsﬁ%x%ﬁﬁ Ddssensl 3L o0 Ctpursts S5Ok e dcnobibche
(TlYlp)E VoL EoULE. ke .%‘gpt I DNﬁ?@au P%Tﬁd@%@% ldéflg@hpﬁ@’a?“c £
45 (ix) FEATUREys (yé))n&bﬂd\/ﬁﬁﬁﬂiémdw actbdtys higher( Ban Lthit ST mmrrptm@i&enm)m D)
OTHER | NFO?I\/ATIzg_\é{.pr oduct= "D- AM NO ACI D RESI DUES"
17. Dempsey, C. E. 1990. The actions of melittin on membranes. Biochim. Biophys.
10 Acta. 1031: 143-161. | _
| 18. Dhople, V. M., and Nagaraj, R. 1993. d- toxin, unlike melittin, Has only hemolytic
activity and no antimicrobial activiiy: rationalization of this specific biological
activity. Biosci. Rep. 13: 245-250. |
19. Elsenberg, D., Schwarz, E., Komaromy, M and Wall, R. 1984. Analysis of
15 membrane and surface protein sequ_ences with the hydrophobic moment plot. J. Mol.
Biol 179:125-142. | |
) 20. -Fisher, P. J., Prendergast, F. G., Ehrhardt, M. R., Urb.auer, J. L., Wand, A. J,
Sedarous, S. S., M, c. D., and Buckley, P. J. 1994. Nature. 368: 651-653.
21. Gazit, E., Lee, W.J,, Brey, P. T., and Shai, Y. 1994. Bioch_emistry. 33:10681-10692.
20 22, Greenfield, N., and Fasman, G. D. 1969. Computed circular dichroism spectra for the
evaluation of protein conformation. Biochemistry. 8: 4108;41 16. o
*23. Habermann, E., and Jentsch, J. 1967. Hoppe Seyler’s Z. Physiol. Chem. 348: 37—50.
24 Katchalski, E., and Sela, M. 1958. Adv. Protein Chem. 13: 243-492.
25. Kuchinka; E., and Seelig, J. 1989. Interaction of melittin with phosphatidylcholine
25 membranes. Binding isothénn and lipid head-group conformation. Biochemistry. 28:
| 42164221. | | |
26. Li, Z. Q., Merrifield, R. B.; Boman, I. A, and "Bomah, H.. G. 1988. Effects on
electrophoretic mobility and antibacterial spectrum of removal of two residues from
synthetic sarcotoxin IA and addition of the same residues to cecropin B. FEBS Lett,
30 231:299-302.
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50 (ix) FEATURE. (A) NAMVE/ KEY: Mbdified-site (B) LOCATI ON: 33 |
| NFORMATI. oQ?"P;?FGES‘f?&: "OTHER' 55 | / not e= %%‘ o
AM NOETHYLAM NO GROUPS ARE ATTACHED TO THE C- TERM NUS' (xi) SEQUENCE

[S)ErSCI;Ir ET:_Sé%Pﬁ oQEsly,E L';I%l., jlﬁ):seglgerg f{, Egggg:hl\e'l.,Alanad b?t'ller,l lC‘3 lggigib\{ﬁ-’uéic!n? plo{e%tiae '

15 Thr Leu Leu : : N A 0 .
o0 cé%ﬁdﬁ'(gogl\@ﬁuﬁay derebtidi 8f ﬁ%g%ﬁ%lg%émm % gf)%é?%gocﬂrﬂts%. 22.

PCT/ | L98/ 0008188¥848. (2) | NFORMATI ON FOR SEQ ID NO. 15: (i) SEQUENCE
CHARACTERI STI CS. (A). LENGIH: .33, ani ids (B) TYPE: _ani i d 10

(0 STRANDIZB)NESQH('@%H@;I%- o) Vide méggDaflfmfiaém%%) N&E@@E@ %%*g?s]iﬁe?ﬁ thee
I5 (vii) | MVEDLATE .. (B : s i %). EEATARE: 20

(A) (\|<1|AI KEY: -%%?@%%‘é&(%?&%ﬂwgéﬁ‘g%ﬁﬁ%& ' ﬁ) %%HER o

| NFORVATI Ohg/ p'l\mUN,:l\lNé@eﬂ!\'V NQ., Aelfouf}ZS] Mikifore, 2 D., and Nioslas, BEQIENGlation,

DESCRI PTION. " SEQ D 15° dy Phe Phe’ Ala Leu Ile Pro Lys Ile Ile Ser Ser
Pro Leu Phe Lysmino acid sequence, and sgnthesis of dermaseptin, a novelpantimicrobial peptide of

&30 T bapEbian Stn Sockenisny 30 k24 Bgad 2 Lou Ser Ser Ser Gy Ay

30. Okada, M., and Natori, S. 1984. Mi)de of action of a bactericidal protein induced in

10 the haemolymph of Sarcophaga peregrina (flesh-fly) larvae. B_ibchem. J. 222:
119-124. - . o

'31. Oren, Z., and Shai, Y. 1996. A clasé 6f highly potent antibacterial peptides derived
- from pardaxin, a pore-forming beptide isolated from Moses sole fish Pardachfrus '
_ | marmoratus. Eur. J. Biochem. 23‘7_5 303-310.
15 = 32. Papahadjopoulos, D., and Miller, _N' 1967. Phospholipid model membranes.
' Structural characteristics of hydrated liquid crystals. Biochim. Biophys. Acta. 135:
-624-638. - o | |
33. Perez, P. E,, Houghten, R. A, and Bloﬁdelle, S. E. 1994. Determination of the
| secondary structure of selected melittin analogues with different haemolytic
20 - activities. Biochem. J. |
- 34. Pouny, Y., and Shai, Y., 1992. Interaction of D-amino acid incorporated analogues of -
pardaxin with membranes. Biochemistry. 39: 9482-9490.
35. Rapaport, D., and Shai, Y. 1992. Aggregation and _otgdnization of pardaxin in
phospholipid membranes. A fluorescence energy transfer study.. J. Biol. Chem. 267:
25 6502-6509. | o
36. Rapaport, D., and Shai, Y. 1991. Interaction of fluorescently labeled pardaxin and its
~ analogues with lipid bilayers. J Biol. Chem. 266: 23769-23775.
37. Rizzo, V., Stankowski, S., and Schwarz, G. 1987. Alamethicin incorporation in lipid
biléyers: a thermodynamic study. Biochemistry. 26: 2751-9. | |
30 38. Russell, P. E, Milling, R. J,, and Wright, K. 1995. Fifty yeai'é .of antimicrobials: past
perspectives and future trends (Hunter P. A., Darby G. K., and Russell N. 1. Ed) pp.
67-85, Cambridge Univefsity Press, Cambridge. '
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(2) | NFORVATI ON FOR SEQ ID NO 16: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH. 33 W@9887688i ds 40 - - (B) TYPE: anino acid (RGT/IL98/00081
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide 45
(vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 16 50 . (ix) FEATURE: (A
NAVE/ KEY: RB8di Schwari Ge Gg(C,L}@CRIZZQ.\I: or andpRtankopeski, 139)198D) IncmpeRtion kinetics

| NFORMATI ON: / pt oduct = "D- A Al RESI DLUES. 55 1) SE NCE, ., CRI.PT] ON:
SEQ ID NO  16: "GW“%@%&% E@%%‘Fémﬁ%’ﬁ%g o Flaéa’%?gﬁj‘%gé_ _’%&éﬂ%e
Lys 1. 685-692. S 10 L 15 60 Thr
Leu Leu Ser ‘Ala Val Gy Ser Ala Leu Ser Ser Ser Ay Gy A@n 20

25 . 40. Segrest, ]I, Deyl. 6H., @himan)d. G3/Broaiilette, C. G., and Anantharamaiah, G.

PCT/ 1 L98/ 00081 _(2) FORVATI FOR SEQ JD NO 17:. (i) SEQUENCE,
CHARACTERI STI - 5!9%\-1 Amphipathic helix meifiriqlasses and rRsopsetiess [puhlishedrerraiymno
acid (C) STRAN .30 B9 @of 1ol ReaR 140 (ii) MOLECULE
TYPE: pepti de W‘Bﬂ%@%@ﬁ@%@ﬁ&@&%ﬂde 17 15 (ix)
FEATURE:  (4). N8N/ REY995/Mlofecaldr dcbgnition between membrane-spanning helices. TIBS. in

press.

- 42 ‘Shai, Y. 1994. Pardaxin: channel formation by a shark repellant peptide'from fish.
10 Toxicology. 87: 109-129. o |
" 43. Shai, Y., Fox, J., Caratsch, C., Shih, Y. L., Edwards, C., and Lazai'ovici, P. 1988. .
Sequencing and synthesis of pardaxin, a polypeptide from the Red Sea Moses sole
with ionophore activity. FEBS Lett, 242: 161-166. _
44. Shai, Y., Fox, J., Caratsch, C., Shih, Y. L., Edwards, C., and Lazarovici, P. 1988.
15 Sequencing and synthesis. of pardaxin, a polypeptide from the Red Sea Moses sole
with ionophore activity. FEBS Lett. 242: 161-166.
45. -Shai, Y., Hadari, Y. R., and Finkéls, A. 1991. pH-dependent pore' formation
properties of pardaxin analogues. J. Biol. Chem. 266: 22346-22354. '
46. Shaw, N. 1974. Lipid coniposition as a guide to the classification of bacteria. Adv.
20 . Appl Microbiol. 17: 63-108. | o
47. SimS, P. J., Waggoner, A. S., Wang, C. H., and Hoffmann, J. R.-1974. Studies on the
" mechanism by cyanine dyes measure membrane potential in red blood cells and
phosphatidylcholine vesicles. Biochemistry. 13: 3315-3330. |
48. Steiner, H., Hultmark, D., Engstrom, A., Bennich, H., and Boman, H. G. 1981.
25 Sequence and specificity of two _antibactérial proteins involved in insect immunity.
Nature. 292: 246-248. o
49. Terwilliger, T. C., and Eisenberg, D. 1982. The 'st.ruc'ture of melittin. I. Structure
determination and partial refinement. J. Biol. Chem. 257: 6010-6015.
50. Terwilliger, T. C., and 'Eisénberg, D. 1982. The structure. of melittin. II.
30 - Interpretation of the structure. J. Biol. Chem. 257: 6016-6022. -
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(B) LOCATI %&,,%%@HER | NFORMATI ON: / product = " D- AM NO ACI D Reiipbiioed®
(i x) FEATU ME/ KEY: Modified-site (B) LOCATI ON: 22 (D) OTHER -
| NFORMATI ON: / pr oduct = "OTHER" 25 /note= "AN

/AM NCETHYL ggsﬁﬁgsﬁ’ I$ ATTAGHERAAK. TNEcansEERM bhEKubbta, I 1986. mme

DESCRI PTI 17: GIyPhetheAIaLeulleProLsIIeIIeSer Ser
Pro Leu Phe Ly Peptides from the Shark-Bepelling Defense Secretion of the Sole Pardachirus
15 35 - Thr Leu Leu Ser AI a Val .20 (2) | NFORMATION FOR SEQ ID NO 18:
40 (i) oEvRIEReS:Sciancedd B34S (A) LENGTH. 26 amino acids (B)

TR a2 ek & O o OB L BTkt P ks (Dl d
pepti de 18 (i X)Ddehéd, YRk, 1(%3 M%Zmemwcbuﬁmmnsoﬂmsﬂ)oupM|Mhmp@,
8, 17, 55 QTHER | NFORMATI ON: / pr.oduct = "D-am nq acid

r esi dues (. X) cEEAﬁemEran(BA)'\ mmm@\smdmﬁmg ohospbolipases anddEgezertchs elgotron
Gl erm nus .NEOR%%% ek oRtpe, e, s 2hd TBgios  °° PO group &t the
53. Wade, D., Boman, A., Wahlin, B., Drain, C. M,, Andreu D., Boman, H. G and
Merrifield, R. B. 1990. Proc. Natl: Acad. Sci. US4. 87: 4761-4765 . '
10 54. Wu, C. S, Ikeda, K., and Yang, J. T. 1981. Ordered conformation of polypeptides
and proteins in acidic dodecyl sulfate solution. Biochemistry. 20: 566-570.
55. Zagorski, M. G, Norman,_.D. G., Barrow, C. J., Iwashita, T., Tacﬁ_ibaria, K., and
Patel, D. J. 1991. Solution structure of pardaxin P-2. Biochemistry. 30: 8009—8017.
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WD 98/ 37090

PCT/ 1 L98/ 00W®198(3799%0 SEQUENCE DESCRI PTI ON: SEQ ID NG 18: dy 1?¢'EH@8/900&1a .
Val Leu Lys Val Leu Thr Thr Ay Leu Pro Ala Leu 1

10 15 5 1le Ser TrpIIeLysArgLysArgGlnGanO _
25 (2) |NF<§I%9KWQ§\|LF§$P§EQ ID NO 19: 10 (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 26 am no aci ds (B) TYPE: amino acid (C) STRANDEDNESS: single 15

(D) TOPOLOGY) Lbieak fhrorMMtdsCULE TYPE: peptide 20 (vii) | MVEDI ATE
SOURCE: 5( B) &LO\IE peptlde 19 (ix) FEATURE: (A) NAVE/ KEY: Modified-site 25 .
(B) LOCATI ON: gr oLip@BPLEGANTY, 21) (D) OTHER | NFORMATH ON: / pr oduct = " D- ani no
aci d residues" (xi) (BE CEYEDRSREQEARTHONND JPRYELOPMENT 4O 12D Jy Ile Ay Al a
Val Leu Lys Val Leu Fhr T'g*?FTG Ry "pt BRaBRglnsEftyte of Science, ° g

10 10 , dgz Irp tle Lys Arg Lys Arg G n dn 35

20 T S TION FOR SEQ I D NO. 20: (i) SEQUENCE

CHARACTERI STI CS: . 40 (F) POSTAL CODE(PZ)IPLENG[HO 22 am no acids (B) TYPE: am no
~acid (C STRANDEDNESS) . TELEAGONE : ( D)2-TEFPA708Y7 | i near 45 (i) MOLECULE

TYPE: pgpt ide (vii) (EMEDERRFE SCRFGE4{BROICLONE: peptide 20 50 (ix)

FEATURE? (A NUVH e i fisdasis %N&@AT'H%EE%I&EIQ% %EP’?IDE%7 1)

COMPOSITIONS COMPRISING THEM

(iii) NUMBER OF SEQUENCES: 85

20 )
' {iv) COMPUTER READABLE FORM:
(n) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC -DOS/MS— -DOS"
25 (D) SOFTWARE PatentIn Release #1.0, Version #l 30 (EPO)

{(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER:
{(vi) PRIOR APPLICATION DATA: '
30 (A) APPLICATION NUMBER: PCT/IL97/00066
(B) FILING DATE: 20-FEB-1997

: -{2) INFORMATION FOR SEQ ID NO: 1:
35 '
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
40 {D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

45  (vii) IMMEDIATE SOURCE:
: (B) CLONE: peptide 1

(ix) FEATURE '
(A) NAME/KEY: Modified-site
50 (B) LOCATION:group(7, 18, 19)
{D) OTHER INFORMATION:/product= "D-amino acid residues"

(ix) FEATURE:
. (A) NAME/KEY: MOdlfled-Slte
55 (B) LOCATION:33
(D) OTHER INFORMATION:/product= "OTHER" :
' /note= “two aminoethylamino groups are attached at the
C-terminus” '

60 : '
: (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 , 5 10 15
65 ' ' :

60



(D) OTHER | NFORVATI ON: / product = "D-anmino acid residues" 55 (| FEA @E
(A) NANVE/ KEWO RPN ed-site (B) LOCATI ON: 22 (D) OTHER | NFORVA 86'3 uct'=
"OTHER"® 60 / note= "an an1noethy|an1no group i s attached
at the CGtermn Xi) S t PTI SEQ.1 D 20;..65.70

98/ 37090 11’}? L(-z ieu EQJEHQEVA%E%&:R fer @Ia LeuQSer SNOSer G /llnglg} 00081
Ay Ile Ay Ala Val Leu Lys Val Leu Thr Thr Gl.y Leu Pro Ala eu 1 .

5 Glu 10 15 1le Ser Trp Ile Lys Arg 5

20 (2). ISNFORVATI ON FOR SEQ ID NO 21: (i) SEQUENCE CHARACTERI STICS: 10

(A) LENGTH: , 19 _a | (B TYP . amno acid (C) STRANDEDNESS: single
(D) TOPOLOGH#! FP‘E%"&‘?‘T?@ FOR'S ‘29( tPYNNOEECULE TYPE: peptide (vii) | MVEDI ATE
SOQURCE: (B) CLONg g@gggw&ecgwgﬁg@)ngATURE (A) NAVE/ KEY: Modified-site
(B) LOGATI ON: gr oup( 2a) SLENESH: 1B) afido &EHER | NFORMATI ON: / product = " D-anmi no
acid residues” 25 (i(B) FE%WLEEno(ApdNANE/KEY Modi-fied-site (B) LOCATION 19

(D) OTHER | NFORVATI QR / RN DERNESS ORHERLe 30 - /note= "an -
am noet hyl ami no gr odp? i PEREPEENLE A~ the C terni nus” -
15 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
: (B) CLONE: peptide 2
20 .

(1x) FEATURE:
(A) NAME/KEY: Modlfled—Slte
(B} LOCATION:group(7, 18, 19)
(D) OTHER INFORMATION: /product— YD-amino acid re51dues"
25

(1x) FEATURE: '
(A) NAME/KEY: Modified-site
(B) LOCATION:22
{D) OTHER INFORMATION:/product= "OTHER“
30 . ' /note= "an aminoethylamino group is attached at the
C-terminus”

: -(xi) SEQUENCE DESCRIPT¥ON: SEQ ID NO: 2:
35

Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 _ 5 10 15
Thr Leu Leu Ser Ala Va1

40 . 20 -

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 22 amino acids
(B) TYPE: amino acid-
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear .

50 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 3

- 55
(ix) FEATURE:
(A) NAME/KEY: Modlfled—31te
(B) LOCATION:group{7, 18, 19)
60 (D) OTHER INFORMATION:/product= "D-amino acid residues"

- (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
65 1 5 10 15
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 21: 35 Ala Val Leu Lys Val Leu Thr
Thr Gy LeuW /330 Leu Ile Ser Trp 1° : _ 5 PCT/IL98/0008t -
10 . 15 Ile Lys Arg 40 (2) | NFORVATION FOR SEQ I D NO 22:
(i) SEQUENCE CHARACTER! STICS: 45 - (A) LENGTH: 12 anino acids
(B) TYPE: am no aC| d (C;Eéer E 'single (D) TOPOLOGY: linear 50

(ii) MOLECULE TYPE: “Pep MVEDI ATE SOURCE: (B) CLONE: peptide 22
55 (ix) FEATURE: (A) NAME KEY: l\/bdlfled site (B) LOCATION: group(3, 4, 8,
10) (D) 50THER ENFEERNATOMORORpSEIIuDtNO:" D- ami no aci d residues"” 60 (ix)
FEATURE: (A). NAVE/ KEY: Nbdlfled site (B) LOCATION: 12 (D) OTHER

| NFORMATI ON: / pr é#lu SEQUENGELERARAZTERISTYES 08/ 37090 - o '
PCT/ 1 L98/ 00081 / not A) " Tﬁarzgo nONRGHAS at the C—term nus.is replaced by
an am ng group” 5 (C) s HgQ_ESCRI PTION.- SEQ ID NO 22: Lys Leu

Leu Leu Leu Leu Lys (bf.‘Urd,p@ﬂo¢.\6U1LﬁéAr_yS 1 5
10 10 (2) INFORMATION FOR SEQ I'D NO 23: (i) SEQUENCE CHARACTERI STI CS (A
LENGTH: 12 ani ridlla¢OHECYLE) TYRREPeptifidro aci-d 15 _. (O :

STRANDEH\IESS single

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 4.

(ix) FEATURE:
20 (A) NAME/KEY: Modified-site
(B) LOCATION:group(8, 19, 20)
{D) OTHER INFORMATION: /product= "D-amino acid residues"

(ix) FEATURE: '
25 L (A) NAME/KEY Modlfled—51te
{B) LOCATION:23
(D) OTHER INFORMATION: /product— "OTHER"

_ _ /note= "an aminoethylamino group is attached at the
C-terminus” :

30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
. Lys Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe
35 1 5 10 ' 15

Lys Thr Leu Leu Ser Ala Val
: 20

40 (2) INFORMATION FOR SEQ ID NO: 5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
(B} TYPE: amino acid
45 - {(C) STRANDEDNESS: single
) (D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

50 :
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 5

- {ix) FEATURE:
55 (A) NAME/KEY: Modified-site
(B) LOCATION:group(9, 20, 21) '
(D} OTHER INFORMATION:/product= "D-amino acid resxdues"

(ix) FEATURE:
60 (R) NAME/KEY Modlfled-31te
' (B) LOCATION:24 .
(D) OTHER INFORMATION: /product— "OTHER" '
/note= "an aminoethylamino group is attached at the

C-terminus"”
65

62.



(B) CLONE: peptide 23 (ix) FEATURE: 25 (A NAME/

Modi fied-site (B) LOCATI ON: group(3, 4, 8, 10) (D) OTHER

| NFORMATI ON: / product = "D-ami no aci d residues" (ix) FEATURE: 30

(A) NAME/ KEY: M1d| SEQUENSE t BESCR) PITOEATYEONIA No(: D3 : OTHER | NFORMATI ON: / pr oduct =
"OTHER' /note= "the carboxyl group at the CGtermnus is replaced by an

am no group" 33 yextys SEQUENCERDEdeRb o IIER! PISEE%/# Blrcle§er L%Ps-” EE@ Lepy Leu
Lys Leu’Leu Led Lys Leu Leu Pys 40

10 (2) | NFORMATYLONL FORRSER Y Pell@erldia (Vla). SEQJENCE CHARACT ERI STICS: 45
(A) LENGTH. 12 am no aC| dgo(B) TYPE am no acid (C) STRANDEDNESS: single

: (D) TCPO_CIWOSJsbgmr (i) NL']_ECULE TYPE: peptlde 20 (viti) I'NIW(,&QIJRCE:_

(D) TOPOLOGY: |i near : MOLECULE TYPE: peptide (vii) | MVED ATE
SOURCE10 ( B)(2[:LIB*EIE’1’~!‘-‘b'%rﬁ§3tN i EeR ZSJFQSED Q‘lpx)6 ‘FEATURE: (A) NAME/ KEY: Modified-site
(B) LOCATI-ON: group 8 1 OTHER | NFORMATI ON: / product = "D-am no
aci d resi dues” KEY Modi fied-site (B) LOCATIO\I 12
(D) OTHER | NFCRIVATI @9 £ < 31

15 (C) STRANDEDNESS: smngle
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

20
(vii) IMMEDIATE SOURCE: .
(B) CLONE: peptide 6

(ix) FEATURE: _ _
25 (A) NAME/KEY: Modified-site
{B) LOCATION:group{9, 20, 21) :
(D) OTHER INFORMATION:/product= "D-amino acid residues"

30 ' (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: |
Lys Lys Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu
1 5 . 10 . 15
35 Phe Lys Thr Leu Leu Ser Ala Val
20 . : '

(2) INFORMATION FOR SEQ ID NO: 7:

40 (i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 11 amino ‘a¢ids
{(B) TYPE: amino acid-
(C) STRANDEDNESS: single
{D)}) TOPOLOGY: linear
45
(ii) MOLECULE TYPE: peptide

" (vii) IMMEDIATE SOURCE:
50 _ (B) CLONE: peptide 7

{ix) 'FEATURE: '
: (A) NAME/KEY: Modlfled-31te
- {B) LOCATION:7 -
55 {D)} OTHER INFORMATIQN:/product= "D-AMINO ACID RESIDUER®™

{ix) FEATURE: |
(A) NAME/KEY: Modified-site
(B) LOCATION:11
- 60 (D) OTHER INFORMATION:/product= "OTHER"
/note= "AN AMINOETHYLAMINO GROUP IS ATTACHED AT THE
C-TERMINUS"

65 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
. 63 .



WO 98/ 3709
PCT/ | LQ8/ 0883198’/3%??%— "the carboxyl group at the C-terninus |s rep?laced by

an am no group" 5 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 24: Lys Leu
Leu Leu'Lys Leu Lys Leu Lys Leu Leu Lys 1 5

10 10 (2) | NFCRVARLONHOR DEQul BeNeko 235 fid 19E@HENCE CHARACTERI STICS: (A)
LENGTH: 12 am nD acids (B) TYPE amno acid 1%0 (O

STRANDEDNESS: ngl e i [3 TOPOLOGY: linear (ii) MOLECULE TYPE: pepti de 20
(vii) ||§/|VED|2ATEN FBR ERONENOpedt i de 25 (ix) FEATURE: 25

(A) NAME/ KEY: group(3, 4, 8, 10) (D) OTHER
INFO?MATIO\I/pE@% ) ;EN@%“%“?;%% oéﬁgues" (ix) FEATURE. 30

(A) NANVE/ KEY: - Modi fl(gﬂ BipEe 4nBho LLTATI ON: 12 (D) OTHER | NFORMATI ON: / pr oduct =
" OTHER'10/ not e= "t he (CArdTBANDEDESSID sdhgkehe C-ternminus is replaced by an

am no group” 35 (xi }DEEXQBENGE :DEBGRFPTI ON: SEQ | D NO 25: Lys Lys Leu Leu

Lys Leu Lys Le y s_40 1
10 (2) | NFC]?NA#PI&\I%Q@{%E %¥%VNETP1;28§ (i) SEQUENCE CHARACT ERI STICS: 45
(A) LENGTH. 12 ag m@qmﬁ-sﬁﬁ) 1¥REr am no acid (C) STRANDEDNESS: single

(D TOPOLOGY: linear 50 (1i1) MOLECULE TYPE: peptide (vii) |MVED ATE
SOURCE: ' : ' o
(vii) IMMEDIATE SOURCE:
: (B) CLONE: peptide 8
20
(ix) FEATURE:
(A) NAME/KEY: Modlfled—31te
(B) LOCATION:33
(D) OTHER INFORMATION:/product= "QOTHER" '
25 : ’ /note= "TWO AMINOETHYLAMINO GROUPS ARE ATTACHED AT THE
C-TERMINUS"
: (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
30 _
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 _ _ 10 _ 15
' " Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
35 : 20 25 30

Glu

40 (2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid '
45 {(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

50
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 9

. {ix) FEATURE:
55 (A) NAME/KEY: Modlfled-SLte
(B) LOCATION:13 '
(D) OTHER INFORMATION /product- "D—AMINO ACID RESIDUE"

(ix) FEATURE:
60 (A) NAME/KEY: Modlfled—Slte
(B) LOCATION:33
(D) OTHER INFORMATION:/product= "OTHER"
/note= "TWO AMINOETHYLAMINO GROUPS ARE ATTACHED AT THE
p C~TERMINUS" o
65
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T T

(B) CLONE: %#98 26 55 (ix) FEATURE (A) NAMNE/ KEY: Nbdifiegﬁﬁ#%ﬁ%%ﬁél
LOCATIgNrgr 5 6, 7, 9, 11; 12) (D) OTHER | NFORMATI §
"D-amino acid resldues" 60 (|x) FEATURE: (A) NAME/ KEY: Modified-site (B)
LOCATI ON: 12 (D) OTHER | NFORVATI ON: / pr oduct = "OTHER' 73 WD 98/ 37090

PCT/ 1 L98/ 00081({;ﬂ0tsggggﬁdge9§§;rklgwwn gsfdiRpafiot Be G-termnus is replaced by
an am no group" 5 (xi) SEQUENCE DESCRI PTION: SEQ ID NO .26: Lys Leu
Leu Leu Lys LeuGle Bht Rhel Hida ley [ Pkyslyb Ile Ile Ser Ser Prb Leu Phe Lys

10 10 5(2) | NFORMATION FOR SEQ I D NO. 27: {| )1°SEQJENCE CHARACTERI STI CsS:

A) LENGTH 12 nl id PE arg no d
(ST?R’ANDEDNESS s'?%g ?%) %ﬁbalée% Fihesr B R/[%ECEETE SWP% ﬁérﬁt‘f']db 20
(vii) 1 MMVEDI ATE SOURCE: (B) CLONE: pepti de 27 (i x) FEATURE:

(A) NANB/ KEY: Mo fied-site (B), LOCATION:group(l, 2, 5, 6, 7, 9, 11, 12)
(D) OTHER | NFORMATI ON: / pr oduct = "Dam no acid resi dues" (1x) FEATURE 30

ES)THEQ-W N2 AR 55, ) b FRETLR €. L D e O e product

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid '
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
20
' {ii) MOLECULE TYPE: peptide

(v) FRAGMENT TYPE: linear

25
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 10

{ix) FEATURE:
- 30 (A) NAME/KEY: Modlfled—51te
(B) LOCATION:group{5, 19)
(D) OTHER INFORMATION:/product= "D-AMINO ACID RESIDUES"

(ix) FEATURE:
35 (A) NAME/KEY: Modified-site
(B} LOCATION:33
(D) OTHER INFORMATION: /product= "OTHER"
/note— "TWO AMINOETHYLAMINO GROUPS ARE ATTACHED AT THE

C-TERMINUS"
. 40 :
{xi) SEQUENCE DESCRIPTION‘ SEQ ID NO° 10:
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
45 1 5 10 . 15
' Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
20 : 25 . 30
50 Glu |
{2) INFORMATION FOR SEQ ID NO: 11:
55 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
60 :
(ii) MOLECULE TYPE: peptide
{(v) FRAGMENT TYPE: linear
65
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repl aced by an anino group" 35 (xi) SEQJENCE DESCRI PTI ON. SEQ | D NO 27

Lys Leu Leummm Leu Lys Leu Lys Leu Leu Lys 40 1 PCT/IL98/00081 -
5 - 10 (2) INFORVATION FOR SEQ I D NO 28: (i) SEQUENCE - -~
CHARACTERI STICS: 45 : (A) LENGTH. 6 amino acids (B) TYPE: am no
acid (O STRANDEJ‘DNE@@DI@E @RCE) TOPOLOGY: |inear 50 . (1) MOLECULE
TYPE: peptide (vii) PV BERIRCEE: 1Y B) CLONE: peptide 28 55 (ix)

FEATURE: (A) %EXTuﬂgbdlfled site (B) LOCATION group(2, 4) (D OIHER .
| NFORVATEI ON: / pr oductx) "NamBRele B&di¢it@siidues” 60 (XI) SEQUENCE DESCRI PTI ON:
SEQ ID NO 28: Lys kpy toenriodigkaip (lzys165 5 74

WO 98/ 7090 (D) OTHER INFORMATION:/product= "D-AMINO ACID RESIDUES"

PCT/1L98/ 00081 (2) | NFCRI\/ATI ON FOR SEQ ID NO 29: (i) SEQUENCE

CHARACTER! STI CS“‘)SFEA ).: LENGTH 8 ami no aC|ds (B) TYPE: amino
aci d (d)l‘:I STRANDEDNESS) ﬁéﬁg, fi}‘ﬁ O 1 noar (ii) MOLECULE
TYPE: peptide (vii) (b%@br&'&&r‘%ﬂ@ﬁu /(pBbd\QtQ\lEchmpt ide 29 15 (ix)
FEATURE: (A) NAME/ KEY: Mbdidtieed?BIC BMINOETHYLAMINO GROUPS ARE ATTACHED AT THE
_ C-TERMINUS" _ .
15

(xi).SEQUENCE DESCRIPTION: SEQ ID NO: 11:

: . Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
- 20 1 5 _ 10 15

Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
20 25 30

25 Glu

(2) INFORMATION FOR SEQ ID NO: 12:

30 (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid '
(C) STRANDEDNESS: single
(D) TOPOLOGY i"Iisiusge
35
. {(ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
40 (B)'CLONE: peptide 12

(ix) FEATURE:
(A) NAME/KEY: Modified-site
. (B) LOCATION:7 .
45 {D) OTHER INFORMATION:/product= "D-AMINO ACID RESIDUE"™

(ix) FEATURE:
(A) NAME/KEY: Modified-site
C ({B) LOCATIOM:33
50 {D) OTHER INFORMATION: /product— "OTHER"
. © /note= "TWO AMINOETHYLAMINO GROUPS ARE ATTACHED AT THE
C-TERMINUS"

55 (xi) SEQUENCE DESCRIPTION: SEQ ID No' 12:
Gly Phe Phe Ala Leu- Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
-5 10 15 .
60 Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
: 30

20 25

Glu '
65 -
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. (B) LOCAT, p(2, 4, 6) (D) OTHER | NFORMATI ON: / product = "D-am ng. acid
resi dues" %8%9% SEQJENCE DESCRI PTION: SEQ I D NO 29. Lys RGHIL%/p0 “Ebu Lys
Leu Leu Lys 25 5 (2) | NFORVATI ON FOR SEQ | D' NO

30: (i) W T (A) LENGTH 12 amino
aci ds (B)SE YPE: am no g%-l ?? IS@ﬁzI?:Z)\%IIBEDNESS single (D) TOPOLOGY: linear 35
(ii) MOLECULE(ilYBEQUENEPt CHIMACTERIBTIOMVEDI ATE SOURCE: (B) CLONE: peptide 30

40 (ix) FEATURE: ﬁiEiKEY aniypdi 4digdd- site (B) LOCATI ON: group(2, 6, 8,
11) (D) OTHER I NF d’&éf’— 'D-anino acid residues” 45 (xi)
'SEQUENCE DESCRI PT e: Lys Leu Leu Leu Lys Leu Lys Leu Lys.
Leu Leu Lys 50 5 10 (2)

| NFORMATI ON EGR ﬁmdulazl\ﬁpzslpe;(twe SEQUENCE' CHARACTERI STI CS: 55
(A LIENGTH 12 am no aC| ds (B) TYPE am no acid (C) STRANDEDNESS: single
(D TOPOL | i near i) MOLECULE TYPE: peptide (vii) | MVEDI ATE
SOURCE: ( B) (tilcb\@‘“ é@i@pﬁ%&fﬁd&" 75 WO 98/ 37090
PCT/ | L98/ 00081 (i3 peptide
15 (ix) FEATURE:

(A) NAME/KEY: Modified-site

(B) LOCATION:?7

(D) OTHER INFORMATION:/product= "D-AMINO ACID RESIDUE"

20

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 10 15
25
Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
20 25 30
Glu
30

(2) INFORMATION FOR SEQ ID NO: 14:
(1) SEQUENCE CHARACTERISTICS:
35 - (A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

40 - (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
s (B) CLONE: peptide 14
4
(ix) FEATURE: .
{A) NAME/KEY: Modified-site
(B) LOCATION:group(l8, 19) :
s (D) OTHER INFORMATION:/product= "D-AMINO ACID RESIDUES"
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:33
. {D) OTHER INFORMATION:/product= "OTHER" )
55 /note= "TWO AMINOETHYLAMINO GROUPS ARE ATTACHED TO THE
C-TERMINUS"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
60 '

Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 10 15

Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
65 20 25 30 '
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(A NAMVE/ KEY: Mbdi fied-site (B) LOCATI ON:group(2, 3, 4, 8, 10, 11) (D)
OTHER | NFORM8909%r oduct =. "D-ami no acid resi dues" 5 (XI) SEEQBEN&/WOSI o
DESCRI PTION: SEQ ID NO 31: Lys Leu Leu Leu Lys Leu Lys Leu. Lys Leu Leu Lys

10 -1 5 : 10 (2) | NFORVATI ON FOR SEQ
ID NO 32: (i) QUENCE CHARACTERI STICS: 15 (A) LENGTH: 12
am no acids (B) PE: am no acid (C) STRANDEDNESS:. single (D) TOPOLOGY:
| i near 20 (ii) MOLECULE TYPE: peptide (vii) | MVEDI ATE SOURCE: (B)

CLONE: pept {zle IRPORMATION )FORESEOURE: Na: ALS NAVE/ KEY: Modi fi ed-site (B)

LOCATI ON: group(3, 5, 8§, 11 (rD OTHER | NFORVATI ON: / pr oduct = " D-am no
aci d residues” 36 (SERYE PTION: SEQ ID' NO 32: Lys Leu Leu Leu
Lys Leu Lys Leu Lys 3eino acids 5

10 (2) JgNFORVATI ON b ngid ) SEQUENCE CHARACTERI STI.CS: 40

(A) LENGTH 12 am nqpacCraorod): I}{,E’ﬁr am no acid (C) STRANDEDNESS: single
(D TOPOLOGY: I|inear 45 (i) MOLECULE TYPE: peptide (vii) | MVEDIATE
SOURCE: (B) CLONE! Mo&BEVIFe TZBE:SQepYider FEATURE:. (A) NAVE/ KEY: Modified-site
(B) LOC‘ngI ON: group(3, 4, 8, 10) (D) OTHER | NFORVATI ON: /pr oduct = "D-am no

aci d residues” (99 rmMEDIATE SOURCE:
(B) CLONE: peptide 15

[

: (1x) FEATURE:
.20 -(A) NAME/KEY: Modified-site
o (B} LOCATION:group(l8, 19) ' '
(D) OTHER INFORMATION /product— "D-AMINO ACID RESIDUES"

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO 15:
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 10 15
30 " Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
' 20 25 30
- Glu |

35
- (2) INFORMATION FOR SEQ ID NO: 16:-

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
40 (B) TYPE: amino acid
(C) STRANDEDNESS : single .
(D) TOPOLOGY: linear

B} (ii) MOLECULE TYPE: peptide
45 '

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 16
50 (ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(7, 18, 19)
(D) OTHER INFORMATION:/product= "D-AMINO ACID RESIDUES”
55 :
: (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Zeu Phe Lys.
: 1 S 10 15
60
Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
.20 25
" Glu |
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(i x) FEATURﬁoigﬁmMNE/ KEY: Modi fi ed Site (B) LOCATI ON: 12 (D) P@fhﬁﬁmoosr
| NFORMATI ON: / pr oduct = " OTHER' 60 / note= "the carboxyl-

grodp at the C-terminus is replaced by an ani no group” (xi) SEQUENCE
DESCRI PTION: SEQ ID NO 33: 65 76 WD 98/ 37090
PCT/ | L98/ OOOﬁlIEWMAWéOWFQRA&@ EPsNal 37Ala Ala Lys Ala Ala Lys 1

5 - FOR SEQ ID NO 34: 5 (i) SEQUENCE
CHARACTER! STI csfH Af2 ﬁ%@@%&% ds (B) TYPE: anino acid (C)
STRANDEDNESS:  Si ngl §ni0rype: amino. acid D). TOPOLOGY: |inear (ii) MOLECULE
TYPE: peptide 15 (c) (snrajpEiEBt ARgBOURCE: (B) CLONE: peptide 34 (iXx)

=

FEATURE: (A) NAME/ KE¥) WPOLOGEdlsndéae 20 (B) LOCATI ON: gr oup( 3,
4, 8, 10) (D) OTHER | NFORMATI ON: / product= "D-am no aci-d resi dues” (1x)
FEATUREY (A) NAWE ME’{EC%W?%P%PF@@% (B) LOCATION: 12 (D)

OTHER | NFORMATI ON: / product = "OTHER' /note= "the carboxyl group at the
Cterm nus is (x€p] apRepRYrEABOWHEERNO group" 30 (xi) SEQUENCE DESCRI PTI O\I SEQ
D NO 34: Lys Val V\a) &aNEl \isepYade \lal Val Lys Val Val Lys 1

5 15 10 35
- (ix) FEATURE: :
- (A) NAME/KEY: Modlfled—51te
(B) LOCATION:7
(D} OTHER INFORMATION /product= "D—AMINO ACID RESIDUE"

20
(lx) FEATURE
(A) NAME/KEY: Modified-site
(B) LOCATION:22 ‘
(D) OTHER INFORMATION:/product= "OTHER"

25 : /note= "AN AMINOETHYLAMINO GROUP IS ATTACHED AT THE
: C-TERMINUS"

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 10 15
35 Thr Leu Leu Ser Ala Val '
20

(2) INFORMATION FOR SEQ ID NO: 18:

40 (i) SEQUENCE CHARACTERISTICS:
© (A) LENGTH: 26 amino acids
(B} TYPE: amino acid
{(C) STRANDEDNESS: single
. (D) TOPOLOGY: linear
45 :
(ii) MOLECULE TYPE: peptide

{vii) IMMEDIATE SOURCE:
50 . (B) CLONE: peptide 18

(ix) FEATURE:
(A) NAME/KEY: Modlfled-31te
- (B) LOCATION:group(5, 8, 17, 21)
55 - (D) OTHER INFORMATION: /product- "D-amino acid residues”

{ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:26 -
60 (D) OTHER INFORMATION:/product= "OTHER"
_ /note= "the carboxyl group at the C-termlnus is
replaced by an :
. - amino group”
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(2) | NFORMATI ON FOR SEQ ID NO 35: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: . 12 wea 9837080 ds 40 -~ (B) TYPE: anmi no acid (RJT/1L98/00081
STRANDEDNESS:. single (D) TOPOLOGY: -linear (ii) MOLECULE TYPE: peptide 45
(vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 35 50 (i x) FEATURE: (A)

NAVE/ KEY: Modi f*@dsgeqwcymﬁqc@mmoan:mmp(@; §§5= 8, 11)S E.( D)E NgrEH[E)ESCRI T O
| NFORMATI ON: / pr 0 I d_resjdues” Xi X
SEQ I D NO 35: iﬁ EiﬁalGl\V/a?{ni/%ﬁla’;CFs}‘ VA §”Eglsj"‘*\‘f‘a giﬁ‘r\éﬁy HApgda Leu

5 10 60 (2) | NFORVATI ON FOR SEQ I D NGO  36: %I) SEQUENCE

CHARACTERI STl CSI1e Apr lIENGIHE LY2 A D@s a&bdﬂnﬁﬁln o (B) TYPE: am no
acid 77 WO 98/ 37090 20

PCT/ 1 L98/ 00081 STRANDEDNESS: _ sj ngle (D) TOPOLOGY: |inear (ii) MOLECULE
TYPE: 3pt| E‘SF(‘%?*F’P ION\REDISEREISEORCE: (B) CLONE: peptide 36 10 (i x)
FEATURE K UENNE%JARQ@T@AI’S@Iéﬁ) LOCATI ON: group(l 4, 8, 10, 11)

(D) OTHER INF T QN ARRETHICEE andldndMdi@saci d resi dues 15 (XI) SEQUENCE

DESCRI PTI ON: SEQ | D(NOTYBB amino acid
. - (C) STRANDEDNESS: single
15 (D) TOPOLOGY: linear

- (ii) MOLECULE TYPE: peptide
- 20 (vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 19
(ix) FEATURE: '
(A) NAME/KEY: Modified-site

.25 : _ (B) LOCATION:group(5, 8, 17, 21) :
: (D) OTHER INFORMATION:/product= "D-amino acid residues"”

{xi) SEQUENCE DESCRIPTION' SEQ ID NO: 19;

30
Gly Ile Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro Ala Leu
1 5 0 15.
Ile Ser Trp Ile Lys Arg Lys Arg'Gln Gln

35 20 25

(2) INFORMATION FOR SEQ ID NO: 20:

(1) SEQUENCE CHARACTERISTICS:
40 (A) LENGTH: 22 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

45 (ii) MOLECULE TYPE: peptide

. {vii) IMMEDIATE SOURCE: .
: (B} CLONE: peptide 20 -

50 '
(ix) FEATURE:
- (A) NAME/KEY: MOdlfled-Slte
(B) LOCATION:group(5, 8, 17, 21)
g5 (D) OTHER INFORMATION:/product= "D-amino acid residues”

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:22 = -
(D) OTHER INFORMATION: /product "OTHER"

60 ' /note= "an aminoethylamino group is attached at the
C-terminus” ' '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
65
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Lys Val Val Val Lys Val Lys Val Val Lys 1
1% 20 (2) M@O\I FOR SEQ ID. NO 37: -(i) SEQUENCE CHARACTE&T 8/00081( A) -
LENGTH: 12 amino acids 25 (B) TYPE: amino acid (C)
STRANDEDNESS: si1pgire GDy AIQPGLD@¥éu Lyn@al Neu rhMIEGLEFLIYRE, RePiiede 30
(vii) | MVEDI ATEB SOURCE: (B) GLONE: peptide 37185 (i x) FEMFURE: (A
NAME/ KEY: Mbodified-site LOCATI ON: group(3, 5, 8, 9, 11) (D) OTHER
INF@%W /prfdﬁué?"— T'rB h¥S £&8d resi dues” 40 (xi) SEQUENCE DESCRI PTI ON:
SEQ | D Lys Val Val Lys Val Lys Val Lys Val Val Lys 1

2) INFORMATIbQ ﬂ&z (sB) 1NRORMATI ON FOR SEQ ID NO: 38: (i) SEQUENCE -
CHARACTERISTICS (A) LENGTH. 6 am no acids 50 (B) TYPE: am no
acid (Q STRANEED)NEISETEN%& THRIFOI:OGY: | inear (ii) MOLECULE TYPE:
‘peptiddd55 (vii) | MEDER O}EZGE %IECJ-E‘:EO\IE pepti de 38 60 (i x)
FEATURE: (A) NAME/ KEY R ngﬂl B) LOCATI ON: group(2, 6) (D) OTHER
| NFORMATI ON: / pr oduc m %’BGQD AGe SI dues” 65 78

15 (ii) MOLECULE TYPE: peptide

(vii) 'IMMEDIATE SOURCE:
(B) CLONE: peptide 21

20
(ix) FEATURE:
(A) NAME/KEY: Modlfled—51te
(B) LOCATION:group{(2, 5, 14, 18}
(D) OTHER INFORMATION:/product= "D-amino acid residues"
25 - . .

(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:19 .
(D) OTHER INFORMATION:/product= "OTHER"
30 - /note= "an aminoethylamino group is attached at the
C-terminus" :

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

35
Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro Ala Leu Ile Ser Trp
1 5 10 : 15
Ile Lys Arg

40 :

(2) INFORMATION FOR SEQ ID NO: 22:

(i) SEQUENCE CHARACTERISTICS:
45 (A} LENGTH: 12 amino acids .
{B). TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear :

50 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 22

55 .
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(3, 4, 8, 10)
60 (D} OTHER INFORMATION:/product= "D-amino acid residues"

(ix) FEATURE:
(A) NAME/KEY: Modlfled—SLte
(B) LOCATION:12 .
(D) OTHER INFORMATION: /product— "OTHER"
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WO 98/ 37090
PCT/ | L98/ 00R®bss7i9p SEQUENCE DESCRI PTION. SEQ ID NO_ 38 Lys HCTALBS/G00BEU °
Lys Letr .1 5 5 (2). |NFORVATION FOR SEQ ID NO© 39: (i) . - =~
SEQUENCE CHARACTERI STICS: (A) LENGTH. 6 amino acids 10 _ (B)
TYPE: amino acid (C) STRANDEBNESS: carbepvd ¢fupTOPAREGY-tdrmhmay ifi i)
MOLECULE TSgPRace i 8@ amgrp\g5opPl MVEDI ATE SOURCE: (B) CLONE: peptide 39 20
(i x) FEATURE: (A) NAME/ KEY: Modified-site (B) LOCATION: group{2, 6) (D)

OTHER INFORVATL O\ drBbagtiC bEsCH2patdN10sAg 16 keShdues” 25 (xi) SEQJENCE

DESCRI PTION: SEQ I D NO 39: Lys Val Leu Hi's Leu Leu 1 5 30
(2) | NFORMATI O&nymauSEQ ILBuN@gu 260 Lis)LeSEQRIENEE HARMETERI STICS: (A)
LENGTH: 6 ami nd acids 35 3 - (B) TYREB: amino acid (O

STRAN : ) ear (ii). MOLECULE TYPE: peptide 40
(vi u%@ﬂ% (%Og%%é"’ pégude 40 45 (i x) FEATURE: (A)

NAMVE/ KEY:  Modi fuﬁdsgaumca( BhndAoATtcar oup(2, 6) (D) OTHER
| NFORMATI ON: / pr oduainy LENGEIHT M2 akimd Besdsdues” 50
. (B} TYPE: amino acid :
15 . ' (C) STRANDEDNESS: single
: (D) TOPOLOGY: linear

. (ii) MOLECULE TYPE: peptide .

20 '
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 23

(ix) FEATURE:
25 (A) NAME/KEY: Modified-site
(B) LOCATION:group(3, 4, 8, 10) '
(D) OTHER INFORMATION:/product= "D-amino acid residues"

. {ix) FEATURE:
30 (A) NAME/KEY: Mod1f1ed-sxte
(B) LOCATION:12
(D) OTHER INFORMATION: /produCt= "OTHER"
oo /note= "the carboxyl group at the C-terminus is
replaced by an amino group" .

35 o
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:
Lys Leu Leu Leu Lys Leu Leu.Leu Lys Leu Leu Lys

40 1 5 10
(2) INFORMATION FOR SEQ ID NO: 24:

{i) SEQUENCE CHARACTERISTICS: -
45 (A) LENGTH: 12 amino acids
~ (B) TYPE: amino acid.
(C) STRANDEDNESS: single -
(D) TOPOLOGY: linear -

50 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 24
55 -
{ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(3, 4, 8, 10)
p (D) OTHER INFORMATION /product— "D—amlno acid re51dues"
0
- {ix) FEATURE: : o
(A) NAME/KEY: Modlfled—s:l.te _ e g
{(B) LOCATION:12 '
(D) OTHER INFORMATION:/product= Y“OTHER"
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(xi) SEQUE | PTION: SEQ I D NO 40: Leu Lys Leu Arg Leu k?ﬁf‘%ﬁ)
| NFORVATI-ON Q ID NGO 41: (i) SEQUENCE CHARACTERI STI CS: F
am no aci ds 60 (B) TYPE. am no acid (C) STRANDEDNESS: single

(D) TOPOLOGY: linear (ii)/NdeECdHe Ié/:!%%xﬁpeg% O%%@%hl%—ter&[ﬂu%8£§7ogo :
PCT/ | L98/ O@eBladed by an\ViDlAFEGAURCE: E. peptide 41 C(ix)

FEATURE: (A) NAME/ KEY: Modified-site (B) LOCATIO\I4 (D) OTHER

| NFORVAT T ON: /pro uct= "D-am no_aci d residue” 10 (XI) SEQJENCE DESCRI PTI ON:
SEQ'ID RO 41: 4 SF—Q[{FNEEUDﬁC§I{E9NL€$.FQlID NO: 15 (2)

| NFORIVATI O\I FCR EQaJ; RANG et 2vs (dek gE}E TICS; (A LENGTH:. 8

am no acids 20 1y§ g) TYP m no aqbd (C Bé"m'sl'F\’ANDEDNESS singl e

(D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide 25 (vii) | MMEDI ATE SOURCE:

(B) CLAMNE: (BepINFQBMATIQROFOR SEQ I AP: FBATURE: (A) NAME/ KEY: Modified-site

(B) LOCAT' N grOlfngQUENbE CHA6 CTERISTICS:
{A) LENGTH: 12 amino acids
(B) TYPE: amino acid

15 : (C) STRANDEDNESS: single

(D) TOPOLOGY: linear -

(ii) MOLECULE TYPE: peptide

20 '
- {vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 25

~ {ix) FEATURE:
25 (A) NAME/KEY: Modlfled-51te
(B) LOCATION:group(3,. 4, 8, 10) .
{D) OTHER INFORMATION:/product= "D-amino acid residues™

(ix) FEATURE:
30 (A} NAME/KEY: Modlfled-51te
(B) LOCATION:12
(D) OTHER  INFORMATION: /product= "OTHER"™
/note= "the carboxyl group at the C-terminus is
replaced by an amino group"
- 35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25:
Lys Lys Leu Leu Lys Leu Lys Leu Lys Leu Lys Lys
40° 1 _ 5 ' 10
{2) INFORMATION FOR SEQ ID NO: 26:
(i) SEQUENCE CHARACTEﬁISfICS:
45 (A} LENGTH: 12 amino acids
' (B) TYPE: amino acid _
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
50 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE: _
{B) CLONE: peptide 26

- 55
(ix) FEATURE: '
(A) NAME/KEY: Modlfled-31te ' :
(B) LOCATION:group(l, 2, 5, 6, 7, 9, 11, 12)
60 (D) OTHER INFORMATION:/product= "D-amino acid residues”

(ix) FEATURE: '
(A) NAME/KEY: Mod1f1ed—s;te
(B) LOCATION:12 :
(D) OTHER INFORMATION: /product "OTHER"
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(D) OTHE O\YNB%B ON: /product— "D-anino acid residues" 35 (?%.WM:E
DESCRI PTI- NO 42: Lys Leu Ile Leu Lys Leu Val Arg 2)

| NFORMATI ON FOR SEQ I D NO 43: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:. 8

am no aci ds 45 /notdB)rtHe RErbAMLNGrap 8t (ch SHRANDRRNESS: single
(D) TOPOLGkeflakédesr ax@la@mNG}xEGyLE TYPE. peptide 50 (vii) | MVEDI ATE SOURCE:
(B) CLONE: peptide 43 55 (i x) FEATURE: (A) NAME/ KEY: Modified-site

(B) L Tl ON: roups%é 4.5 6 OTHER | NFORMATI ON: / pr oduct = "D-am no

aci d roé;sAl dues*8b pEN %Eéfféigéﬁffﬁ%‘scﬁ PEPIP: 486 1D NO 43: Lys Val Phe His
Leu Leu H s Le ;- eu Leu Leu Lys Leé L@é ]%21 Lys \ﬁngﬁééi QO

PCT/ 1 L98/ 000811¥2) | NFORNMATI d\l FOR SEQ I D KI01044 (1) SEQUENCE

CHARACTERI STICS: (A) LENGTH. 8 am no acids 5 (B) TYPE: am no
acid (19 STRANDETRYASION FORgSRY (P)NOFOPDLOGY: |inear (ii) MOLECULE TYPE:

peptide 10 (vi |()L) IS%%CQTEHE&R%ST(IB% CLONE: pept I de 44

(A) LENGTH: 12 amino acids
_ (B) TYPE: amino acid o
15 (C) STRANDEDNESS: single
: (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide -

20
. (vii) IMMEDIATE SOURCE:

(B) CLONE: peptide 27

(ix) FEATURE:
25 : (A) NAME/KEY: Modified-site
- (B) LOCATION:group(l, 2, 5, 6, 7, 9, 11, 12) .
(D} OTHER INFORMATION:/pr¢duct= "D-amino acid residues"

(ix) FEATURE: . '
30 (A) NAME/KEY: Modified-site
(B) LOCATION:12
(D) OTHER INFORMATION: /product= "OTHER"
/note= "the carboxyl group at the C-termlnus is

: replaced by an amino group"
35 '

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

_ Lys Leu Leu Leu Lys Leu'Lys\Leu Lys Leu Leu Lys
40 1 : 5 1o

(2) INFORMATION FOR SEQ ID NO: 28:

(i) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 6 amino acids
(B) TYPE: amino acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: peptide
(vii) IMMEDIATE SOURCE:

: {B) CLONE: peptide 28
S5

{ix) FEATURE:
(A) NAME/KEY: Modlfled-51te
(B) LOCATION:group(2, 4) .
(D} OTHER INFORMATION:/product= "D-amino acid residues"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:
Lys Leu Leu Leu Leu Lys
65 - -1 5
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(A) NAME/ KEY: Modified-site. (B) LOCATI , 2,
4 6, 7) (D?)OC#E@JI NFCRMATI ON: / product= "D-ami no acid residues % ! bt -
SEQUENCE DESCRI PTION: SEQ ID NO -44: His Lys Phe Arg Ile Leu Lys Leu 1 5 25
(2) | NFORMATION FOR SEQ ID NO 45: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 8 4mj ranresMAIIOROFOR SEQ ID No: 29:B) TYPE: anino acid (O .
STRANDEDNESS: si ngl e D) TOPOLOGY: linear (ii) MOLECULE TYPE: pept I de 35

(vii) | DI ATE i HA@E€N5135E%&|de 45 40 (i x) FEATURE: (A)
NAME/ KEY: Mbdi f i ed- ’térf SFEPONHYED) OTHER | NFORMATI ON: / pr oduct =
"D-anino acid resi dig" D;Eggyzggg;; DESCRI PTION: SEQ I D NO 45: Lys Pro
Phe His Ile Leu Hi S(d.)emoﬁor_,ogy limear . 5 50 (2) | NFORMATION FOR SEQ I D

NO 46: {i) SEQUENCE CHARACTERI STI CS:" (A) LENGTH:. 12 ami no acids 55
(B) TYPE ani ng-idcHRLECCLE IMRENDEDNESS: single (D) TOPOLOGY: |inear (ii)
MOLECULE TYPE: peptide 60 (vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 46 65

(i X) FEATURE: (81 ) 1wmMpIaTE SOURCE:

(B) CLONE: peptide 29

15
(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group({2, 4, 6) :
(D) OTHER INFORMATION:/product= "D-amino acid residues"
20 ' _ . : '
{xi) SEQUENCE  DESCRIPTION: SEQ ID NO: 29:
Lys Leu Leu Leu Lys Leu Leu Lys
25 1 5 :

(2) INFORMATION_?OR SEQ ID NO: 30:

(1) SEQUENCE CHARACTERISTICS:
30 - . (B) LENGTH: 12 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

35 (ii) MOLECULE TYPE: peptide -

(vii) IMMEDIATE SOURCE: _
(B) CLONE: peptide 30

40 .
{(ix) FEATURE:
{A) NAME/KEY: Modified-site
(B) LOCATION:group(2, 6, 8, 11)
(D) OTHER INFORMATION:/product= "D-amino acid residues”
45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:
Lys Leu Leu Leu Lys Leu Lys heu Lys Leu Leu Lys
50 1 5 - 10

(2) INFORMATION FOR SEQ ID NO: 31:

. {i) SEQUENCE CHARACTERISTICS:
55 (AR) LENGTH: 12 amino acids
' (B) TYPE: amino acid .
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

60 (ii) MOLECULE TYPE: peptide
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 31
65
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WD 98/ 37090

PCT/ 1 L98/ 009eP8B2990NAVE/ KEY: Modi’ fied-site (B) LOCATI O\I ar oup(cmmamqa;l 8 )
11) (Dy OTHER | NFORMATI ON: / product= "D-ami no acid residues" 5 (xi) SEQJENCE
DESCRI PTI ON: SE | D NG 46: Lys Ile Ile I'le Lys Ile Lys Ile Lys Ile Ile Lys"
1 §EAT° 10 (2) | NFORMATI ON FOR SEQ | D NO

47: (i) SEQJENCE O%% %lfgi 3‘1‘% RGTH, 412, Ani no aci ds 15

(B) TYPE amino acig) (é9ues 2 b PO ddasar (i1)
MOLECUSE TYPE: peptlde 20 (Vii) VD AT GOURE (B) CLONE: peptide 47 25
(i x) FEATURE: (A) NAMVE/ KEY: Modified-site (B) LOCATIO\Igroup(Z 3, 4, 8,
10, 11) (D) Mﬁﬂﬁm?ﬁmlﬁﬁ%uéﬁezmm%nﬁhe aC| d residues" 30 (XI)
SEQUENCE DESCR] PTI.ON: . SEQ | e || Lys Ile Lys Ile Lys
Ile Ilg Lys SRL Leu Led Qequg & by 2% Teu ‘ 8 35 (2) | NFORMATI ON FOR
SEQ ID'NG 48: “(i) SEQUENCE CHARACTERI STI CS: “CA) LENGTH 12 amino acids 40
(B) TYPE: @ mnEQRMAdI()lC)FOSTM\IDEDNES& single (D) TOPOLOGY: linear (ii)

MOLECULE TYPE: peptlde 45 (vii | MVEDI ATE SOURCE:
_ (1) SEQUENCE CHARACTERISTICS:
' 15 . (A) LENGTH: 12 amino ac1ds

(B) TYPE: amino acid
(C) -STRANDEDNESS: single
(D} TOPOLOGY: linear

20 (ii) MOLECULE TYPE: peptide -

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 32

25
(ix) FEATURE:
(A) NAME/KEY: Modlfled—51te
{B) LOCATION:groupi{3, 5, 8, 9, 11)
{D) OTHER INFORMATION:/product= "D-amino acid residues"
30 . .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:
Lyé Leu Leu Leu Lys Leu Lys Leu Lys Leu Leu Lys
35 1l 5 10

(2) INFORMATION FOR SEQ ID NO: 33:

(i) SEQUENCE CHARACTERISTICS
40 (A) LENGTH: 12 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear -

45 ' (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 33

50
{ix) FEATURE:
' - (a) NAME/KEY Mod1f1ed—s1te
(B) LOCATION:group(3, 4, 8, 10) . o
'55 (D) OTHER INFORMATION:/product= "D-amino acid residues"

(ix) FEATURE:
{A) NAME/KEY: Modified-site
{(B) LOCATION:12 .
(D) OTHER INFORMATION:/product=  "OTHER"
60 ‘/note= "the carboxyl group at the C-termlnus is
replaced by an amino group” .

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:
65 ' '
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(B) CLONE: 8 50 (ix) FEATURE: (A) NAVE/ KEY: Mgk }éﬁ%o%béle
(B) LOCATI roup(l 3, 5, 8, 9, 11) (D OTHER | NFORVATI ON: / product = -
"D-dam no aci d resi dues"” 55 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 48: Lys

Ile Ile Ile Lygykl ﬁlé—l@.allkﬁ kys dilaeald Ql&yﬁyslAla Ala
10 60 (2) I NFORVATI ON FOR SE® 1D RO 48 (1) SEQUENCEy CHARACTERI STI CS: (A)

LENGTH: 12 amino aci ds 65 (B) TYPE: amino acid 82 WO

' 98/ 3709 (2) INFORMATION FOR SEQ ID NO: 34: PCT/ | L98/ 00081
(C) STRANDEDNE linear (ii) MOLECULE TYPE: peptide
(vii) | MVED AT?%O%%@%JNEE 9@&3 gide 49 100 - (ix) FEATURE (A)

NAME/ KEY: Modi fi ed- ga)t eypE) ah@%‘gbml 7 (D) OTHER | NFORMATI ON: / pr oduct =
"D-amino acid recidu®" sTEANDEDNESEQRERNIE DESCRI PTI C]\l SEQ I D NO 49: Lys | I e
Pro I1d0Lys |l e Lys(D) &OP§LOGY]: el:mear Lys 1 5

10 20 (2) | NFORNAT] NO, 50: (i) SEQUENCE CHARACTER! STI CS: (A
LENGTH 12 ami H&’a%?’tf&“gR EE: | peptide (B) TYPE: amino acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide-

15 (vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 34

(ix) FEATURE '
{A) NAME/KEY: Modified-site
20 {B) LOCATION:group(3, 4, 8, 10) :
(D) OTHER INFORMATION:/product= "D-amino acid residues"

{(ix) FEATURE:
(A) NAME/KEY: Modified-site
25 : (B) LOCATION:12
(D) 'OTHER INFORMATION:/product= "OTHER"
/note= "the carboxyl group at the C-terminus is
replaced by an amino group™ :

30 | -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:
_Lys Val Val Val Lys Val Val Val Lys Val Val Lys
1 5 | 10

35

{2) INFORMATION FOR SEQ ID NO: 35:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 12 amino acids
40 (B) TYPE: amino acid
{C) STRANDEDNESS:. single
- (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
45

(Vii)lIMMEDIATE SOURCE:
: (B) CLONE: peptide 35

50 (ix) FEATURE: -
(A) NAME/KEY: Modified-site
(B) LOCATION:group{2, 6, 8, 1ll) _
(D) OTHER INFORMATION:/product= "D-amino acid residues”

55 '
- (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35:

Lys Val Val Val Lys Val Lys Val Lys Val Val Lys
1 5 ' 10 .
60 Co :
(2) INFORMATION FOR SEQ ID NO: 36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
65 (B) TYPE: amino acid
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30 (vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 50 35 (i x) FEATURE: (A
NAME/ KEY: Mwiobssmbssi t e (B) LOCATI ON: group(6, 10) (D) OTHER pCT/AL98/00081 . "
| NFORVATI ON: /product = "D-amino acid residues"” 40 (xi) SEQUENCE DESCRI PTI ON"
SEQIDNO 50:. Lys Ile Prolle Lys Ile Lys Ile Lys Ile Vval Lys 1

5 (CH@TWWENFMEI ON FOR SEQ ID NO 51: (i) SEQUENCE
CHARACTERI STI CS:  ( AfPLERERIPSEYL 21i®eRo aci ds 50 (B) TYPE: amino
acid (C STRAN n ( OLOGY: linear (ii) MOLECULE TYPE:
peptlde555 (vi %EQ:\II\E/?V%[%U}F 'E}S%JR@EJ ) CLONE: peptide 51 60 (1x)

FEATURE: (A) NAME/ KEY: Modified-site (B) LOCATI ON:group(2, 4, 6, 8, 11) (D)
OTHER | NFORVATYOGN: IMMRRIAGE -SOURCR1mM no aci d resi dues" 65 83 . WD 98/ 37090
PCT/-1 L98/ 00081 (m)‘%E@QENEEPESGRIWIO\I SEQIDNO 51: Arg IIe e lle

Arg |1 Argloif)éag lle Arg 1 5 - 10 5-
(2) 1 N AME/ N i £l bd-sSEQUENCE CHARACTERI STI CS: (A
LENGTH: 12 am no acuglﬁ LbRATION: group(l..4,(8) 1oYPE) am no acid _

(D) OTHER INFORMATION:/product= "D-amino acid residues"”

15 : -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:
Lys Val Val Val Lys Val Lys Val Lys Val Val Lys
1 S : 10

20 . :
' - (2) INFORMATION FOR SEQ ID NO: 37:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
25 : (B) TYPE: amino acid
i ' {(C) STRANDEDNESS: single -
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

30
(vii) IMMEDIATE SOURCE:
ot (B),CLONE: peptide 37
35 (ix) FEATURE:
(A) NAME/KEY: Modlfled-51te
{B) LOCATION:group(3, 5, 8, 9, 11) '
(D) OTHER INFORMATION:/product= "D-amino acid residues"
40 : -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:
Lys Val Val Val Lys Val Lys Val Lys Val Val Lys
: 1 5 “10
45

(2) INFORMATION FOR SEQ ID NO: 38:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
50 ' (B) TYPE: amino acid
(C) STRANDEDNESS: 51ngle
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

55
(vii) IMMEDIATE SOURCE:

(B) CLONE: peptide 38
60 (ix) FEATURE:

(A) NAME/KEY: Modified~site’

(B) LOCATION:group(2, 6)

(D) OTHER INFORMATION: /product— "D-amino acid re51dues"
65
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(C) STRAN ingle (D) TOPOLOGY: |inear (i |) MOLECULE Ii;@ﬁn Begusi de
15 (vii) | %E%ésw%: (B) CLONE: peptide 52 20 . (i x) FEXTURE (A
NAME/ KEY: Modified-site (B) LOCATION: group(2, 3, 4, 6, 7, 8, 10, 11) (D
OTHER | NFORVATLON JEBEEGHIC bESCH2paromo sag i b nesixdues” 25 (xi) -SEQUENCE
DESCRIPTIO\I SEQID NGO 52: Argllellelle Arglle Arglle Arglle lle Arg
1 . LysH.eu Ile Leu Lys Leu 10 30 (2) I'NFORMATI ON FOR SEQ I D NO
?3$ (|) SEQJEN@:E CHARACTERI SSI'I CS. (A) LENGTH: - 12 amino acids 35

B) TYPE ) single (D) TOPOLOGY: linear (ii
MOLECULE T E%F@&?‘q‘é&@f (vil %%E%’ATE 'SOURCE: (B) CLONE: pepti dfa 5%% 45
(i x) FEATURE: ((A) Mhﬁﬁﬁtnmmmcsue (B) LOCATION: group(l, 3, 5, 8, 9,
11) (D) OTHER INFC]?{INATLRID‘GTHprG)@ucno: acdan no acid residues” 50 (xi)
SEQJEI\I(!EDESCRIPTICR) :| ErigY agi ArgIIeIIeIIeArgIIeArgIIeArg
lle lle Arg 1 Dg”‘!?ss single 10 55 (2) | NFORMATI ON FOR
SEQ ID NO 54: (i) @é&jﬁ@éﬁ YHARRRYER STI CS: (A) LENGTH 12 anino acids 60

(B) TYPE: am rtql,e\ql,dige@g STRANREPNERS: si ngI e (D TOPOLOGY: linear
15 ' _ .

(vii) IMMEDIATE SOURCE:
{B) CLONE: peptide 39

20 - (ix) FEATURE:
(B). NAME/KEY Modified-site
(B) LOCATION:group({2, 6)
(D) OTHER INFORMATION:/product= "D—amlno acid residues”

25 _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39:
Lys Val Leu His Leu Leu
1 ' 5

.30

(2) INFORMATION FOR SEQ ID NO: 40:

{i) SEQUENCE CHARACTERISTICS: .
: (A) LENGTH: 6 amino acids
35 . (B) TYPE: amino acid
' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear :

(ii) MOLECULE TYPE: peptide

40
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 40
45 (ix) FEATURE:
{A) NAME/KEY: Modified-site
(B} LOCATION:group(2, 6)
(D} OTHER INFORMATION:/product= "D-amino acid residues”
50 .
(xi) SEQUENCE DESCRIPTION: SEQ- ID NO: 40:
Leu Lys Leu Arg Leu Leu
B 1 _ 5
55

(2) INFORMATION FOR SEQ ID NO: 41:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 6 amino acids
60 {B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear .

(ii) MOLECULE TYPE: peptide
65 _ : :
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(ii) MOLECULE TYPE: peptide 65 84 WD 98/ 37090

PCT/ | L98/ OOU@ 28999 ) ' | MVEDI ATE SOURCE: (B) CLONE:. pepti de 54 PET/ILIS/0008L .
FEATURE. (A) NAME KEY: Modi fi ed-site (B) LOCATI ON: group(2, 6, 8, 11) (D
OTHER | NFORVATI ON: / product = "D-ami no acid residues" 10 (xi) SEQUENCE

DESCRI PTI ON: (gEQ 'I%QQAT%“SOU%E Ile Val Ile Arg I1le Arg Ile Arg Leu Ile Arg
1 5(B) CLONE: peptide 41 10 15 (2) | NFORVATION FOR SEQ | D NO
55: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 12 amino acids 20

(B) TYPE: am NQX)a@‘EaTQ STRANDEDNESS single (D) TOPOLOGY: linear (ii).

?/O_)ECULE TYPE: peptm °¢M%&’FE SOURCE: (B) CLONE: peptide 55 30
i x) FEATURE: (A) . : 3. 4, 8,
10, 11) (D) OTHER uct— ﬁﬁé\?m Iﬁ%ﬁﬂ’%@s?ﬁ%{é‘?e 35 (xi)

SEQUENGE DESCRI PTI ON: SEQIDNO 55 Arg Ile lle Val Arg Ile Arg Leu Arg
lle Ile Arg 1(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: " 10 40 (2) | NFORVATI ON FOR
SEQ I'D NO 56: (|) SEQUENCE CHARACTERI STICS: (A) LENGTH: 12 am no aci ds
C vs 'Pro Leu His Leu L )
_ 1 c _
15 _ : .
(2) INFORMATION FOR SEQ ID NO: 42:

(i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 8 aminoc acids.
20 . {B) TYPE: amino acid
(C) STRANDEDNESS: single -
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

25
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 42
30 (ix) FEATURE: '
(A) NAME/KEY: Modified-site
(B) LOCATIOM:group(2, 3, 4, 6)
(D) OTHER INFORMATION: /product— "D-amlno acid re31dues"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42:
Lys Leu Ile Leu Lys Leu Val Arg
1 5 '
40

(2) INFORMATION FOR SEQ ID NO: 43:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
45 (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

50
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 43
55. (ix) FEATURE:
_ .(A) NAME/KEY: Modlfled—51te
(B) LOCATION:group(2, 4, 5, 6)
(D) OTHER INFORMATION:/product= "D-amino acid residues”
60 . . ; ' o _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43:
Lys Val Phe His Leu Leu His Leu
1 5 '
65
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45 TYPE am no acid (C) STRANDEDNESS: single @%ﬂg@@@(
linear .(ii) WHTECIE TYPE: peptide 50 (vii) | MVEDI ATE SOURCE:

pepti de 56 55 (i x) FEATURE: (A) NAME/ KEY; Mudified-site (B)

LOCATI ON: gr ey pinkoriarion Por kb {PhoOTHER | NFORVATI ON:  / product = " D- ani no

acid re5|dues" 60 (xi) SEQUENCE DESCRIPTION: SEQ ID NGO 56: Arglle Ay lle -

Arg Leu Arg Val (iAr SEQUERICE| GHARAGTERISTICS: 5 10 65
85 WO 98/ 37090 (A) LENGTH 8 amino acids _

PCT/ 1 L93/ 00081 (2) i@)F Z@E@i?‘#&m NG 57: (i) SEQUENCE
g S|ngl

CHARACTERI STICS: (A acids 5 (B) TYPE: am no
acid (C) STRANDEDNE e (D) TCPO_OGY linear (ii) MOLECULE TYPE:
peptide 10 (vi (i)l MMEIUATErS@JReIpti@8) CLONE: peptide 57 15 (1x)
FEATURES (A) NAVE/ KEY: Modified-site (B) LOCATION.group(2, 6, 8,-11) (D)
OTHER | NFCRNATI O\I Lproduct = > "D-amno acid residues” 20 (xi) SEQUENCE
DESCR PTI OV 566 cLote. plicidee ol | |2§ Arg Ile Arg Ile Arg Leu lle Arg
15 (1x) FEATURE: _
~(A) NAME/KEY: Modified-site
(B) LOCATION:group(l, 2, 4, 6, 7)
(D) OTHER INFORMATION:/product= "D-amino ac1d re31dues"

20 . R
{(xi) SEQUENCE  DESCRIPTION: SEQ ID NO: 44:
His ‘Lys Phe Arg Ile Leu Lys Leu
1 5

25

(2) INFORMATION FOR SEQ ID NO: 45:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8 amino acids
30 (B) TYPE: amino acid
: (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

1ii) MOLECULE TYPE: peptide

35
(vii) IMMEDIATE SOURCE:
{B) CLONE: peptide 45 -
40 (ix) FEATURE: '
: (A) NAME/KEY: Modified-site
(B) LOCATION:5
(D) OTHER INFORMATION: /product— "D-amino acxd residue”
45 ' :
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45:
Lys Pro Phe His Jle Leu His Leu
1 5 :
50

(2) INFORMATION FOR SEQ ID NO: 46:

(i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 12 amino acids
55 (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

60
(vii) IMMEDIATE SOURCE: .
| (B) CLONE: peptide 46
65 (ix) FEATURE:
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(2) | NFORMATI ON FOR SEQ | D NO. 58: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH. 12 W 9837689 ds - (B) TYPE: am no aci d PCy/IL98/00081  ~
STRANDEDNESS: si ngl e (D) TCPC]_OGY linear (ii) MOLECULE TYPE. peptide 35 ~
(vii) | MVEDI ATE SOURCE pepti de 58 40 (i x) FEATURE: (A)
NAVE/ KEY: Modi fi ed-!{ E{oéxmimd ?Jdéa?p 2 113 4, 8, 10, 11) (D). OTHER

| NFORMATI-ON: /produc aﬁﬁ?&u g | u ; 5_(xi DESCRI PTI ON:
SEQ ID NO 58: Arg pI§ eu A?“(gl 4 re’i\%‘

5 5 10 50 (2) I NFO?I\/ATI O\I FOR SEQ | D NO 59: (i) SEQUENCE
CHARACTER! ST| @8i) (YEQUENEMGPESCKI2T 20N :NSEACIDIN0 53 6: (B) TYPE: amino
acid (C) STRANDEDNESS:. single (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
peptide 60 (vi F‘)’SIW‘WE NE Ee%ﬁl?ég I-(YB)DG_EHS(E Iéﬁeb’ﬁ $59 65 (%)

FEATURfg 86 W0 98/ 37090

PCT/ 1 L98/ OQ_QBJ;NQM%{E/;;}@EYSEM@ fid.edysite (B) LOCATI ON: group(3 5 8, 9,
11) (D) OTHER | NFORVATI ON: / product = " Dam no acid resi dues" 5 (xi) SEQUENCE
DESCRI PTI ON:  SEQ) |9BONENCE, QHARACTERISTICS:
{A) LENGTH: 12 amino a01ds
15 (B) TYPE: amino acid .
(C) STRANDEDNESS: single .
(D) TOPOLOGY: linear '

: (ii) MOLECULE TYPE: peptide
20 :

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 47
25 . (ix) FEATURE: |
: ({A) NAME/KEY: Modified-site
{B) LOCATION:group{2, 3, 4, 8, 10, 11)
(D) OTHER INFORMATION: /product= "D-amino acid re31dues"
30 '
: (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47:
Lys Ile Ile Ile Lys Ile Lys Ile Lys Ile Ile Lys
1 .5 .. 10
35 ' :

(2) INFORMATION FOR SEQ ID NO:.48:

(1) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 12 amino acids
40 (B) TYPE: amino acid
: (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

. (ii) MOLECULE TYPE: peptide
45 .

(vii) IMMEDIATE SOURCE:
{(B) CLONE: peptide 48

50 (ix) FEATURE:
{3) NAME/KEY: Modified-site
(B) LOCATION:group(l, 3, 5, 8, 9, 11)
(D) OTHER INFORMATION: /product— "D-amino acid reSLdueS"

55
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48:

Lys Ile Ile Ile Lys Ile Lys Ile Lys Ile Ile Lys
1 -5 10 '
60

(2) INFORMATION FOR SEQ ID NO: 49:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
65 (B) TYPE: amino acid
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Lys Ile G yw Leu Arg Val Arg Ile lle Arg 1 . 3,00051
10 10 (2) IN?(%QK@O\I FOR SEQ ID NO 60: (i) SEQUENCE O%ARACTEEQ’F@ CS: (A -

LENGTH. 12 amino acids 15 (B) TYPE: amino acid (C :
STRANDEDNESS: si ngl &c)( BYrRAGRONSY: sidgiear (ii) MOLECULE TYPE: peptl de 20
(vii) | MVEDI ATE SOURCETORPEOGEE ONEeapept i de 60 25 (i x) FEATURE: (A)
NAVE/ KEY: Modi f.i.ed-si OCATI O group(2, 4, 7, 10, 11) (D) OTHER

| NFOR IC]\I:/p{ld' u%‘?ﬁ‘:%'béaeﬁpho BRP49% esi dues” 30 (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 60: Lys Lys tle Ay Trp Leu Ile Ile Arg Val Arg Arg 1

5 (vii) IMMEDRABS sodkcd:NFORMATI ON FOR SEQ ID NO 61: (i) SEQUENCE
CHARACTER! STI CS: (AJBILENGNE pagitiawi 4 aci ds 40 (B) TYPE: ami no

acid (C) STRANDEDNESS: si ngI e (D TOPOLOGY: linear (ii.) MOLECULE TYPE:
pept i dd%45 (viiix)| chil ’fﬁ%’ CLONE: peptide 61 50 (i x)
FEATURE. (A) NAME/ K m‘? EB281 2 OCATI ON: group(2, 6, 8, 11, 13)
(D) OTHER | NFORVATI By ESrei bt cruinprad /B20dticd n@sah@H@saClé%éesaae-SEwENCE

DESCRI PTI ON: SEQIDNO 61 ArgIIeV le Arg Ile Arg Ile Arg Leu Ile Arg

lle Argsl 10
(xi) SEQUENCE DESCRIPTION SEQ ID NO: 49:

Lys Ile Pro Ile Lys Ile Lys Ile Lys Ile Pro Lys
1 5 10
20 . .
{2) INFORMATION FOR SEQ ID NO: 50:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
25 (B) TYPE: amino acid
(C) STRANDEDNESS: single -
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

. 30
(vii) IMMEDIATE SOURCE:
. {B) CLONE: peptide 50__
35 (ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(6, 10)
(D) OTHER INFORMATION:/product= "D-amino acid resxdues"
40 - o - - |
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50:
Lys Ile Pro Ile Lys Ile Lys Ile Lys Ile Val Lys -
1 5 10
45 '

(2) INFORMATION FOR SEQ ID NO: 51:

(i) SEQUENCE CHARACTERISTICS: .
. (A) LENGTH: 12 amino acids
50 (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

: (ii) MOLECULE TYPE: peptide
55

{(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 51
_ 60 (ix) FEATURE: _ .
(A) NAME/KEY: Modified-site.
{B) LOCATION:group(2, 4, 6, 8, 11)
(D) OTHER INFORMATION:/product= "D-amino acid residues"
65 '
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60 (2) | NFORVATI ON FOR SEQ I'D hK) 62: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 14 swo 983790 ds 65 -~ (B) TYPE: amino acid 87pcTmWsrooost .
98/ 37090 - . PCT/ 1 L98/ 00081
(C) STRANDEDNESS: S|ngle (D) TCPCLOGY linear (ii) MOLECULE TYPE: peptide
(vii) | MVEDI ATEiSOSREBENCE B)ESCROMEONPeSHY TR 92 40 (i x) FEATURE: (A
NAME/ KEY: Modified-site (B LOCATICN group(1..4, 8, 10, 11, 13, 14) (D
OTHER | NFORMATI 3¢ Ap? ddGcfie Ap9abkenbradite ‘}r@si dde Arg (xj) SEQUENCE |
DESCRI PTI O\ SEQ I D NO 62: iﬂg Ile Ile Val Arg Ile Arg Leu Arg Ille Ile Arg
Val Arg 1 (2) INFORMATION FBR SEQ ID NO: 52: 10 20 (2) | NFORMATI ON FOR SEQ
D NO 63: (i) SEQUENCE CHARACTERI STI CS (A) LENGTH 14 amino acids 25

(B.) TYPE: am nti)aSEQUENCE CPRANIEEDNEBS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: pept i@k I@HGYHH |1§ qI‘N‘lQED%ﬁE SOURCE: (B) CLONE: peptide 63 35

FEBATURE: (A ﬁCé ite (B) LOCATI ON: 3, 5 8, 9,
(1I1X) 14) (D) OTI(—IE?? %‘fﬁ%ﬁ Y Sl Do Oet e

p{r{% gc "Dam no acid residues" 40 (xi)
SEQUENCE DESCRI PTI ON:" SEQ D NG o _
(11) MOLECULE TYPE: peptlde_

15
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 52
20 (ix) FEATURE:
(A) NAME/KEY: Modlfled-51te
(B) LOCATION:group{2, 3, 4, 6, 7, 8, 10, 11)
(D) OTHER INFORMATION:/product= "D-amino acid residues"
25 R . |
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52:
Arg Ile Ile Ile Arg Ile Axg Ilé_Arg Ile Ile Arg
1 - 10
30 ' '

(2) INFORMATION FOR SEQ ID NO: 53:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino. acids
35 (B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

40
‘ (vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 53
45 (ix) FEATURE:
(A) NAME/KEY: Modified-site .
(B) LOCATION:group(l, 3, 5, 8, 9, 11)
(D) OTHER INFORMATION: /product- "D-amino acid re31dues"
50 : A
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: _
Arg Ile Ile Ile Arg Ile Arg Ile Arg Ile Ile Arg
1 5 10 :
55

(2) INFORMATION FOR SEQ ID NO: 54:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
60 {(B) TYPE: amino acxd
{C) STRANDEDNESS: 51ngle
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide
65 :
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ArIIeGﬁ$§ﬁﬁ%ﬁuAm\m_NgIMILeNgAm\m 1 . 5
10°45 (2) | FOR SEQ ID NO 64: (i) SEQUENCE CHARACTEﬁrQW’E’g’:"s'( A): -
LENGTH. 16 ami no acids 50 (B) TYPE:. am no acid (C)
STRANDEDNESS: "single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide 55
(vii) | MVEDI AT iSOUR@EDIATE) SEIREBE: pepti de 64 60 (i x) FEATURE: (A)
NAME/ KEY: Modi fi ed- $Bte§3108)? [@pAIdeONs gr oup(l, 2, 6, 7, 11, 15, 16) 65

(xi) SEQUENCE DESCRIPTI O\ SEQ ID NO 64: 88 VO 98/ 37090

PCT/IL9 00081't¥)s F (QE%E/HYG pradl _sug Ala Arg Leu Ile Arg Ile Arg Ile

Arg 1 LOCATION: 15 5 (2)
| NFCRMATI ON FOR SEQ(b AR Te L @éﬁwmw ST CSos{ihLENGTH 16

am no acids 10 (B) TYPE: am no acid (C) STRANDEDNESS: single
(D) TOHOLOGY: |inear %) I\/D_ECULE TYPE: peptide 15 (vii) | MVEDI ATE SOURCE:
(B) CLONE: pept¥ile SEQUENGE DESCRIPTION: F@QI’UJRE‘O(A)‘ NAVE/ KEY: Modified-site

TI ON: A6} (D) OTHER
 NERYATI Ot 8:19 afete vy he Argalclleclgrhéir']l uégd- Ifgg et E

15
'(2) INFORMATION FOR SEQ ID NO: 55:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
20 (B) TYPE: amino acid .
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear -

(ii) MOLECULE TYPE: peptide

25
(vii) IMMEDIATE SOURCE: -
. (B) CLONE: peptide 55
30 {ix) FEATURE:
. (A) NAME/KEY: Modified-site '
(B) LOCATION:group(2, 3, 4, 8, 10, 11)
N (D) OTHER INFORMATION:/product= "D-amino acid residues”
35 : :
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55:
Arg Ile Ile Val Arg Ile Afg Leu Arg ile Ile Arg
. 1 5 10 ’
40 '

(2) INFORMATION FOR SEQ ID NO: 56:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 12 amino acids
45 (B) TYPE: amino acid
' ~ (C) STRANDEDNESS: single
(D) TOPOLOGY: linear '

(ii) MOLECULE TYPE: peptide

50
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 56.
55 (lx) FEATURE:
"~ (A) NAME/KEY: Modified-site :
~— ({B) LOCATION:group(3, 5, 8, 9, 11). : :
(D) OTHER INFORMATION:/product= "D-amino acid residues"
60 : | |
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: Sé6:
Arg Ile Gly Ile Arg Leu Arg Val Arg Ile Ile Arg
1 5 . 10

65
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO 65 Arg Ile Ile Val Lys Ile Arg Leu
Arg Ile |I'1eVOP837098 |le Arg Leu 1 5 : PCT/IL98/00081 10. .
15 30 (2) | NFORMATION FOR SEQ ID NO 66:. (i) SEQJENCE CHARACTERI ' STI CS: " 35
(A) LENGTH._ 16 am no_aci ds s(B TYPE: amino acid (C) STRANDEDNESS: single
(D) TOPOLO®Y: INFQRMATION) FOR SEQ LD iNC: \BIECULE TYPE: peptide (vii) | MVEDI ATE
SQURCE: (B) CLENFg ﬁgcg I(s ?é FEATURE: (A) NAME/ KEY: Modified-site
(B) LOCATI ON: groupfgﬁé&Ngg acikd 14, 16) (D) OTHER -

| NFORMATI ON: / pr odquF ﬁl@zananaaoaﬁld residues" 50 (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NGO 66: Lys (E) STBAYDRINESEy sifgke Arg Val Arg Ile Ile Arg Val Lys lle
Il e 55 : 1 (D) TOPOLOGY: limpar 10

15 (2) | NFORMAT] 7: 60 (i) SEQUENCE -
CHARACFER! STI &5 P(“XF%G%%EP BBfri%Ro acids (B) TYPE: amino acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear 65 89 WD 98/ 37090
PCT/1 L98/ 0008%i{y inmubfInT€ bdoREXPE: peptide (vii) 1 MVEDI ATE SOURCE: 5

(B) CLONE: peptide (8Y GLOXNE: FEATIREST(A) NAME/ KEY: Modified-site (B)

LOCATI (N groun(2, 3,4, 7, 8 10, 11, 13, 14, 16)

(A) NAME/KEY: Modlfled-51te
(B) LOCATION:group(2, 6, 8, 11) _ :
(D) OTHER INFORMATION:/product= "D-amino acid residues"”

20

" (xi) SEQUENCE DESCRIPTION: SEQ iD NO: 57:
Lys Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg
1 5 10
25

{2) INFORMATION FOR SEQ ID NO: 58:

(1) SEQUENCE CHARACTERISTICS:
_ (A) LENGTH: 12 amino acids
.30 (B) TYPE: amino acid
' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

35
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 58
40 (ix) FEATURE:
(A) NBME/KEY: Modified-site :
(B) LOCATION:group(2, 3, 4, 8, 10, 11)
{D) OTHER INFORMATION:/product= "D-amino acid resxdues"
45 ' . _
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58:
Arg Ile Ala Val Lys Trp Arg Leu Arg Phe Ile Lys
: 1 5 10
50

(2) INFORMATION FOR SEQ ID NO: 59:

(1) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 12 amino acids
55 . (B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear '

(ii) MOLECULE TYPE: peptide

60
{vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 59

65 (ix) FEATURE: -
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10 _ OTHER | NFORVATI ON: / pr oduct = "D-am no aci

(xi) SEQJEI\E@’&@I PTION: SEQ ID NO 67: .15 Arg IIe ?T{EF'@&?M 1S ite
Arg-.Leu Arg Ile lle Hs Hs lle Arg Leu 1

10 n) dE/Rby] NEGRMATLON FOR SEQ I D NO 68 20 (i) SEQUENCE

CHARACTER! STI CS: (A)a) LEdatkby froapiosacd,ds, (B)) TYPE: amino acid (C
STRANDEDNESS: si ngl(®) 28THER INFORMATION: @))odﬁ@e_(beh(mma Refd eisigudd® ECULE
TYPE: peptl de 30 (vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 68 (ix)

FEATUR A i1 - Sj B) LOCATI ON: 1,
SRS O NSl BRI & B3 gn b0 %/ pr Sanct o v D amt b o d
residues” (x1) 1SEQUENGE, @@gc%:zg%gs&g WDsML. 855 3 H S e Gy Il Lys

Ala Hi s Val Arglle le Arg Hs Tl e 110
10 10 - 15 45 I NFORMATI ON FOR SEQ | D NO 609: (1)
SEQUENCE CK-WRAMPES‘OR(WQ I_IEI\NQ’H6°16 am no acids (B) TYPE: anmino acid
50 - %ﬂ[ Ie (D) TOPOLOGY: linear (il) I\/D_ECULE'
TYPE: pepti de éé (B) CLONE: peptide 69 (ix) -
FEATURB 60 Y- dified-site. (B) LOCATI ON: gr oup(2
4, 7, 9, 10, 11, 13(,C)1§TRA116EDI(EB)S (FirgRe | NFORMATI ON: / product = "D-ami no acid
resi dues” 65 . (EXi TORSEQRENGEn®ESCRI PTION: SEQ ID NO 69: 90
- (ii) MOLECULE TYPE: peptide ' |
20 . .
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 60
25 - fix) FEATURE:
. . (A) NAME/KEY: Modlfled—51te .
{(B) LOCATION:group(2, 4, 7, 10, 11) -
(D) OTHER INFORMATION:/product= "D-amino acid residues”
30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60:-
_Lys Lys Ile Gly Trp Leu Ile Ilelﬁfg Val Arg Arg
1 - 5 10

35
- (2) INFORMATION FOR SEQ ID NO: 61:

(i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 14 amino acids
- 40 ' (B) TYPE: amino acid -
' (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

45
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 61 -
50 - {(ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(2, 6, 8, 11, 13)
{D) OTHER INFORMATION: /product— "D—amlno acid re51dues"
55 | |
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61:
Arg Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg
1 5 10
60 .
(2) INFORMATION FOR SEQ ID NO:.62:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
65 . (B) TYPE: amino acid
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WO 98/ 37090 | i
“PCT/ 1 L98/ 0000 98/31090 | | e Tyr Val Lys Ile His Leu Arg Tyr Il e L}’gfﬂy@/ﬂﬂpﬂ Arg

Leu 1 - 5 10 15 (2)
| NFORVATI ON FOR SEQ | D NO 70: (I ) SEQJENCE CHARACTERI STI CS (A) LENGTH. 16
ami no acids 10 (C) STRANDEDNB$ST¥PEIleani no acid (C) STRANDEDNESS: single

(D) TOPOLOGY: |inedP’ (FOPPLRF3:EENETTYPE: peptide 15 (vii) | MVEDI ATE SOURCE:
(B) CLONE: peptid FEATURE: (A) NAME/ KEY: Modified-site
(B) LOGATI ON: 5’%%’u§?’z£°‘§*% £y P ,é‘% 13, 14, 16) (D) OTHER

| NFORMATI ON: / product = "D-am no acid resi dues" 25 (xi-) SEQUENCE DESCRI PTI ON:
SEQ I D NG 7(ov1i_)y§MMEléIP(IJE\E/SQHIR§EL s Ala Arg Val Hs lle Ile Arg Tyr Lys Ille
lle 1 (B) CLONE: peptide 62 10 15 30-(2)
| NFORMATI ON F SI%QA%&E!\IO 71: (i) SEQUENCE CHARACTERI STI CS 35

(A) LENGTH. 1 i NR) Aeh@sxER) ndaifFeq g0 acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |ineas) 4dbcaTIon:gréig (b. MLECUE TYPE3,peptide (vii) | MVED ATE
SOURCE:. (B) CLONE: (pepitHge INFORMATION)/drodddi=E"D{aiqinblAdviEdKEaaidbell fied-site
(B) LOCATI ON: group(2 3, 4, 7, 8, 10, 11, 13, 14, 16) (D) -OTHER

| NFCRMATI ON: / p Si " 50 (xi) SEQUENCE DESCRI PTI N
SEQ I D NO 71 é%%zi’%“%%%@é‘ P%‘go gu‘?‘?s: gArg Tyr 1le Lys Lys Ile Arg
Leu _ Arg Ile Ile Val Arg Ile Arg Leu Arg Ile Ile Axg Val Arg

1 5 Y

20 )
(2) INFORMATION FOR SEQ ID NO: 63:

{i). SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
25 (B) TYPE: amino acid
' {(C) STRANDEDNESS: sirgle
(D) TOPOLOGY: linear

: (ii) MOLECULE TYPE: peptide
30 ' '

(vii) IMMEDIATE SOURCE:
- (B) CLONE: peptide 63
35 (ix) FEATURE:
' {A) NAME/KEY: Modlfled—51te
(B) LOCATION:group(3, 5, 8, 9, 11, 14)
(D) OTHER INFORMATION: /product— ‘"D-amino acid residues”
40 : ' o
: (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63:
Arg Ile Gly Ile Arg Leu Arg Val Arg Ile Ile Arg Arg Val
1 5 10
45 '

(2) INFORMATION FOR SEQ ID NO: 64:

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 16 amino acids
50 _ {B) TYPE: amino acid
' {C) STRANDEDNESS: single.
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

55
(vii) IMMEDIATE SOURCE: . C ’ :
- (B) CLONE: peptide 64 . . . .
60 (ix) FEATURE: '
(A) NAME/KEY: Modified-site
(B} LOCATION:group(l, 2, 6, 7, 11, 15, 16}
65 - {xi) SEQUENCE DESCRIPTIONﬁ SEQ ID NO: 64:
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5

'(2) INFOQM]&WWHQ SEQ ID NO 72:° 60 ) SEQJENCE oﬁﬁX@rﬁﬂ"%‘ﬁ cs--
(A) ‘LENGTH: 16 amino acids (B) TYPE: amno acid (C STRANDEDNESS single
(D) TOPOLOGY: |inear 65 91 WD 98/ 37090
PCT/ 1 L98/ 00081 Lk 31V EGleEadg/RE: A@PhLAArGVLdY ThINGR ATE 2SQURER -3
(B) CLONE: pepttide 72 (ix) FEATURE: (A) NAVE/ KEY: Modified-sites(B)
LOCATI C]\l group(3, 5, 8, 9, 11, 13, 14, 16) 10 (D) OTHER
| NFORMET = C resi dues" (xi) SEQUENCE DESCRI PTI ON:

é&rn%gkﬁu'xou%q?ay B @?y (xi)

SEQIDNO i S LysAIaArgProHlsIIeIIeArg
Tyr Lys Ile 11 Qi] SEQUENCE CHARACTER®STICS: 10 .
15 (2) INFCRIVATI ON (ORLERH: DL \N@mids:ac2ls (i) SEQUENCE CHARACTER! STICS: (A)
LENGTHI0 19 ami no ac{BIsTYH): #Rig aakdno acid (C) STRANDEDNESS: si ngle 25

(D) TOPOLOGY: |i neaf€)( F‘T% BRI ESINgRE: peptide 30 (vii) | MVEDI ATE
SOURCE: (B) CLONE: {RpfPo¥oFs: (JiRFAFEATURE: (A) NAVE/ KEY: Mbdified-site 35
(B) LOCATI ON: 950V echL fvehl. Qg,]@idée 18) (D) OTHER | NFORMATI ON: / product =
"D am g acid Ay emect My ENCE DESCRI PTION: SEQ ID NO 73: 40 Lys

Ile Val Ile Arg lle Arg IIe Arg Leu Ile Arg Ile Arg Ile Arg
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 65

20 (ix) FEATURE: :
(A) NAME/KEY: Modified-site : : N
(B} LOCATION:group(2, 3, 4, 7, 8, 10, 11, 13, 14, 16)
(D) OTHER INFORMATION:/product= "D-amino acid residues”

25 :
(xi) SEQUENCE DESCRIPTION‘ SEQ ID NO: 65:
Arg Ile Ile Val Lys Ile Arg Leu Arg Ile Ile Lys Lys Ile Arg Leu
1 5 10 15 :

30 o ' '

(2) INFORMATION FOR SEQ ID NO: 66:.
“(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 16 amino ac1ds
' (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

40 {(ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 66

45
: {ix) FEATURE:
(A) NAME/KEY: Modlfled-31te :
(B) LOCATION:group(l, 3, 5, 8, 9, 11, 13, 14, 16) - .
(D) OTHER INFORMATION:/product= "D-amino acid residues"
50 :
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66:
. Lys Ile Gly Ile Lys Ala Arg Val Arg Ile Ile Arg Val Lys Ile Ile
55 1 5 10 15
(2) INFORMATION FOR SEQ ID NO: 67:
60 {i) SEQUENCE CHARACTERISTICS{
(R) LENGTH: 16 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
65 '

- 89



1 5 10 15 Lys Ile Va
45 (2) | NFORPBAPPOFOR SEQ I D NO 74: (i) SEQUENCE CHARACTER BIT/098/08B1.
(A) LENGTH: 19 am no acids (B) TYPE am no acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |inear 55 ) MOLECULE TYPE: peptide (vii) | MVED ATE
SOURCE. : (B) d_le*MEMOI&EB{‘?c?é‘P%P&eH%() FEATURE: (A) NAMVE/ KEY: Modified-site
(B) LOCATION: group(2, 3, 4, 6, 7, 8, 10, 11, 13, 14, 16, 17, 19) 65
(D) OTHER | NFERNATHENMDIRI® Ga6kee." D- ami no aci d resi dues” 92 WD 98/ 37090

PCT/ 1 L98/ 00081 (xi ) (ESECLBRECERERIGRI €TI ON: "SEQ ID NO 74: 5 Arg ITe
Ile Val - Lys Ile Arg Leu Arg Ile Ile Lys Lys Ile Arg Leu 1 ' 5
10 (ix) EATURE: I) eyLys Lys 10 (2) | NFORVATI ON FOR SEQ I D NO 75:

(i) SEQUENCE CHARACTERIEMS/XEY: (Mg He 19 émnb c%%%!% Wear (i)
B) TYRE: am [ o] RN TR : m s ar (ii
ﬁ/D?_ECUEE T?(QE:nOpggltlde 20 (vii)y | NMVED KTEJI%%IEJR%E—L J(%J £ 'L‘pegstude 75 25

(i x) FEATURE: (A) NAME/ KEY: Modified-site
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67:

.15 Arg Ile Ile Val His Ile Arg Leu Arg Ile Ile His His Ile Arg Leu
1 5 _ 10 15

) {2) INFORMATION FOR SEQ ID NO: 68:
20
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 16 amino ac1ds
(B) TYPE: amino acid
. (C) STRANDEDNESS: single
25 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

30 (vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 68

{ix) FEATURE: '
(A} NAME/KEY: MOdlflGd-Slte _ :
35 {B) LOCATION:group(l, 3, 5, 8, 9, 11, 13, 14, 16)
(D) OTHER INFORMATION:/product= "D-amino acid residues"”

(xi) SEQUENCE DESCRIPTION- SEQ ID NO: 68:
40
o His Ile Gly Ile Lys Ala His Val Arg Ile Ile Arg Val Hls Ile Ile
1 5 10 15

‘45 - (2) INFORMATION FOR SEQ ID NO: 69:

{i) SEQUENCE CHARACTERISTICS:
' (A} LENGTH: 16 amino acids
(B) TYPE: amino acid '
50 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

55

(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 69

. (ix) FEATURE:
60 (A) NAME/KEY:. Modlfled-51te
(B) LOCATION:group(2, 4, 7, 9, 10, 11, 13, 14, 16)
(D) OTHER INFORMATION:/product= "D-amino acid residues™

65 (xi) SEQUENCE DESCRIPTION@ SEQ ID NO: 69:
. _ . 90



B) LOCATI QN; n(3, 4, 5 8, 9, 11, 13, 14, 16, 17, 18) (D)
I(N%:CRMATI O@P&#@g@@t = "D-am no acid residues"” 30 (xi) SEQJENCE%@@QP‘M’I ON-
SEQIDNO 75: LysIIeGyTrpLys LeuArgVaI Arg Ile Ile Arg Val LysIIe
Ay 1 ' 15 35 Arg
Leu Arg (2) | NgQRMATI &b RaR 0D N 146 ardOrfd k1 SH % ER STI CS:
(A) LENGTH. 251am no %ds (8) TYPE: am norgq%(jrl (O ?R%%EDE single 45
(D) TCPC]_OGY linear (ii) MOLECULE TYPE: peptide 50 (vii) 1 MVEDI ATE
SOURCE:S (B CLO\IE Btlde 76 (le FEATURE: (A) NAME/ KEY: Modified-site 55
(B) LOCATI IO§ FOR SRQ ID1MO: §8: 18 20, 24, 25) (D) OTHER
| NFORVATI ON: / pr(Q %UEN& Mﬁﬁtﬁﬁgsl dues" (xi) SEQUENCE DESCRI PTI ON:

SEQ ID NO 76: 60 Lyas iEmsmHal1d LRids¥ Qcbde Arg lle Arg Leu Ile Arg Ile Arg

lle Arp 1 " (B) TYPES amino acid- 10 _ 15 Lys
Ile Val Lys Val Lys(CAr RHN@EW S@5single 20

25 .93 WO 98/ 3709} TOPOLOGY: linear

PCT/ | L98/ 0008 ) FOR-SEQ | D NO 77 (i) SEQJENCE

CHARAGIER! STI <]§é;:£’25?-“JIHEQ‘:EV%L”g\I pe?%d%LENGTH 26 anino acids (B) TYPE: anino
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear 10 _ (1i1) MOLECULE

TYPE: peptide(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 70

20 : (ix) FEATURE:
: (A) NAME/KEY: Modified-site :
(B) LOCATION:group(l, 3, 5, 8, 9, 11, 13, 14, 16)
(D) OTHER INFORMATION:/product= "D-amino acid residues"

25 o : o .
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70:
Lys Ile Gly His Lys Ala Arg Val His Ile Ile Arg Tyr Lys Ile Ile
1 5 10 15

30 ' '

{(2) INFORMATION FOR SEQ ID NO: 71:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 16 amino acids
-~ {(B) TYPE: amino acid '
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

40 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
{(B) CLONE: peptide 71.
45
(ix) FEATURE:
(A) NAME/KEY: Modified-site : :
(B) LOCATION:group(2, 3, 4, 7, 8, 10, 11, 13, 14, 16)
s (D) OTHER INFORMATION:/product= "D-amino acid residues"

- (x1) SEQUENCE DESCRIPTION: SEQ ID NO: 71:

s Arg Ile Tyr Val Lys Pro Hls Pro Arg Tyr Ile Lys Lys Ile Arg Leu
5 1 5 _ 10 15

(2) INFORMATION FOR SEQ ID NO: 72:

- 60 (i) SEQUENCE CHARACTERISTICS:
: . (A) LENGTH: 16 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
65 :

91



(vii) | MVEDI ATE SOURCE: (B) CLONE: peptide 77 15 (ix) FEATURE: (A)
NAME/ KEY: Mxb dgi3rgbosi te (B) LOCATION:group(2, 3, 4, 6, 7, 8, ﬁ@r/n;b&moohi%
14, 16- 17,7 19.. 22, 24, 25) 20 (D OTHER

I NFO?I\/ATI ON: / pr oduct = "D-am no acid residues" (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 77:(id% MOLECULEAHQ’EPI‘;&pAILGe VaI Lys Ile Arg Leu Arg Ile Ile Lys
Lys Ile Arg Leu 1 10

15 Ile Lys Ly %I é% RCVaI IIe Lys 20 25 30 (2) :
| NFORVAJ T ON F E@ﬂ Egg % i]‘% QUENCE CHARACTERI STICS: (A) LENGTH 30
am no aC| ds 35 PE: am no acid (C) STRANDEDNESS: single
(D) TOPOLOGY: (iixpeEEATURE) MOLECULE TYPE: peptide 40 (vii) | MVEDI ATE SCURCE:
(B) CLONE: peptide &E} ggl"lcglggg b(quinidéEsAI;;R% ié) 1yA$/1E/ KEY: Modified-site
(B) LOCATI ON: gr oup( :gupupid, 5138, P4, 1U61317.4,186) 22, 23, 24, 27,
28, 30)0(D) OTHER | NECRRET GNFORASION:YBrodychn TRy=minqs acéd i xegadues3o (xi).
SEQUENCE DESCRI PTION:.. SEQ ID NO. 78: Lys Ala Ay Trp Lys Leu Arg VaI Arg

5 -

Ile Ile Arg ValxilyseduegcE tsbRrprION: SEd ID No: 72:

10 15 Arg Leu Arg Lys Ile Ay Trp' Lys Lys Arg VaI Arg lle
Lys 2015 Lys Pro Gly Wi% Lys Ala Arg Pro His I3 I66 Arg(2yrIHyECdeAfléJﬂ FOR
SEQ ID NO 79: Xi) SEQUENCE EHARACTERI STICS: ¥®) LENGTH: 16 amto acids (B)
TYPE: am no acid 65 _ (C) STRANDEDNESS: si ngI e
(2) INFORMATION FOR SEQ ID NO: 73: :
20 :
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 19 amino acids
(B) TYPE: amino acid
: (C) STRANDEDNESS: single
25 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide

30 " (vii) IMMEDIATE SOURCE:
. (B) CLONE: peptide 73

(ix) FEATURE: : ,
: _ (A) NAME/KEY: Modified-site
35 {(B) LOCATION:group(2, 6, 7, 11, 15, 16, 18) _ '
' (D) OTHER INFORMATION:/product= "D-amino acid residues”

(xi) SEQUENCE DESéRIPTION'ISEQ-ID NO: 73:

40

: Lys Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg Ile Arg
1 5 10 15
Lys Ile Val

45

(2) INFORMATION FOR SEQ ID NO: 74:

(i) SEQUENCE CHARACTERISTICS:
50 (A) LENGTH: 19 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

55 (ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE.: .
(B) CLONE: peptide 74

60 .
(ix) FEATURE: o
' "(A) NAME/KEY: Modified-site _ ' :
(B) LOCATION:group{(2, 3, 4, 6, 7, 8, 10, 11, 13, 14, 16, 17,
o .19) :
65 " (D) OTHER INFORMATION:/product= "D-amino acid residues"
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94 WD 98 '_ - I
PCT/|L98/~008‘§%98?%5’9%@O_OGY: linear (ii) MOLECULE TYPE: pepti §STAG 800082 . .

I'MMVEDI ATE SOURCE: (B) CLONE: peptide 79 (ix) FEATURE: 10 (A
NAME/ KEY: Modified-site (B) LOCATION: group(2..5, 7, 8, 10, 11, 13, 14, .16)
(D) OTHER | NFORMATI ON: / product = "D-anmino acid residues" 15 (xi)

SEQUENCE DESCRI#ZT| SRQUESEE) DESCRIERTIDY: SEQQID IN®: TYC Val Lys Pro Hi's Pro Arg

Tyr Ile_Lys Lys Ile. Ar

15 20 (2) |NFO%WTF%T\|I%®RV§E§Y? [ilﬂo“r%éeu(l}l)g ﬁcﬁ’scm ‘sﬂees (A
LENGTH; 16 ami no acids 25 (B) TY am no acid ( .
STRANDEDNESS: siiegbes s TOPOLOGY: linear (ii) I\/D_ECULE TYPE: pept| de 30
(vii) | MVEDI ATE SOURCE: (B) CLONE: pept| de 80 35 (i x) FEATURE: (A

NAVE/ KEY: Mbdi fi ed- si t e %B L OCATI ON: oup(l 2, 3, 5, 7..11, 13, 14, 186)
(D) OTHER I{RIFCRIFRRMRNEONy PRy FER=ID Bga io acid residues” 40 (xi) SEQUENCE

DESCRI PTI ON: SE&il QEMNCE HA&X&TA%QTE& H's Lys Ala Arg Pro His Ile IIe Arg -

Tyr Lys lle Il A) LENGTH: 19 amino acids 10
15 45 (2) | NFORMATI reRe S alNQj 81l: (i) SEQJENCE CI‘IARACTERl STICS: 50.

(A) LENGTH: 19 am n(C)a(SlI‘BIBNE(EBNEﬂgv‘PEing‘;Im no acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

20
(vii) IMMEDIATE SOURCE:
. (B) CLONE: peptide 75_
25 {ix) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(3, 4, 5, 8, 9, 11, 13, 14, 16, 17, 18)
(D) OTHER INFORMATION:/product= "D-amino acid residues”
30 | -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: _
_Lys Ile Gly Trp Lys Leu Arg Val Arg Ile Ile Arg Val Lys Ile Gly
1 ’ 5 . 10 15
35 o . _
Arg Leu Arg
{2) INFORMATION . FOR SEQ ID NO:. 76:
40 , :
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(B) TYPE: amino acid
. (C) STRANDEDNESS: single
45 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
50 -(vii) IMMEDIATE SQURCE:

(B) CLONE: peptide 76

(ix) FEATURE:
. (A) NAME/KEY: Modified-site : '
55 (B) LOCATION:group(2, 6, 7, 11, 15, 16, 18, 20, 24, 25)
{D} OTHER INFORMATION:/product= "D-amino acid residues"

6 {(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76
0

Lys Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg Ile Arg
1 5 10 15

. : Lys Ile Val Lys Val Lys Arg Ile Arg
65 _ 20 - 25
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(C) STRANDEDNESS: si ngle (D) TOPOLOGY: |inear 55 - (i1) MOLECULE TYPE:
pepti de (Viwpo dsidhlgpl ATE SOURCE: (B) CLONE: peptide 81 60 (i x)pcimps/psns: (A)
NAME/ KEY: Modi fied-site (B) LOCATION group(2, 4..8, 10..13, 15, 16, 18) 1D
OTHER | NFORVATI ON: / product = "D-ami no acid resi dues" 65 95 WO 98/ 37090
PCT/1L98/ 00081 (xi) SEQUENCE DESCRIPTION:- SEQID NO 81: Lys Ile Vval 1le
Arg |le Ard2) |TBFoRATIEY FQRe SRR oD N@: Afg |le Arg 5 1

5 15 Lys Ile Vval 10 (2)

| NFORVATTI ON FOR'S Eﬁﬁﬁg E‘Z‘ET(EQ Sﬁ@g@l CHARACTERI STI CS: (A) LENGTH. 19
am no acids (B) TYR) @mmoaﬁg{ - (C) STRANDEDNESS: single
(D) TOPOLOGY: Iinea(rC)(STI)ANVEJlFKESLEsiF:‘éEE peptide 20 (vii) I MVEDI ATE SOURCE:
(B) CLONE: peptide @2 TPBOLOREATUIREar 25 : - (A) NAME/ KEY:

Modi fi ed-site TIO\I oup(2, .3, 4, 6..11, 13, 14, 16, 17, 19) (D)
OTHER f‘ﬂFOme‘lgw 193 ?E?gffh?? aci d residues” 30 (xi) SEQUENCE
- DESCRI PTI ON: SEQIDNO 82 Arg Ile lle Val Lys IIe Arg Leu Arg lle IIe Lys
Lys Ile Arg L@yi] IMMEDIATE SOURCE: 5 - 10 o

15 35 |1 e Lys)LgBoNe2) p¢sMEERVATI ON FOR SEQ ID NO.. 83: 40 )

* SEQUENGE C}VHQAC?Egg;%TICS o

lx

(A) NAME/KEY: Modified-site
_ (B) LOCATION: group(2, 3, 4, 6, 7, 8, 10, 11, 13, 14, 16, 17,
19..22, 24, 25) : : .
20 ' (D) OTHER INFORMATION:/product= "D-amino acid residues"

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: .77: _
25 Arg Phe Ala Val Lys Ile Arg Leﬁ Arg Ile Ile Lys Lys_Ilé'Arg Leu
1 _ 5 10 15
Ile Lys Lys Ile Arg Lys Arg Val Ile Lys
. 20 : 25

(2) INFORMATION FOR SEQ ID NO: 78:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 amino acids.
35 (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

40
(vii) IMMEDIATE SOURCE:
{B) CLONE: peptlde 78
45 (ix) FEATURE '
. (A) NAME/KEY: Modified-site ’
(B) LOCATION:group (3, 4, S, 8, 9 11, 13, 14, i6, 17, 18, 22,
23, 24, 27, 28, 30) . :
(D) OTHER INFORMATION: /product- "D-amino ac1d residues"
50 .
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 78:
: - Lys Ala Gly Trp Lys Leu Arg Val Arg Ile Ile Arg Val Lys Ile Gly
55 1 5 10 _ 15

Arg Leu Arg Lys Ile Gly Trp Lys Lys Arg Val Arg Ile Lys
20 25 _ 30

60 (2) INFORMATION FOR SEQ ID NO: 79:

(i) SEQUENCE CHARACTERISTICS:
(o) LENGTH: 16 amino acids
(B) TYPE: amino acid
65 (C) STRANDEDNESS: single -
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(A) LENGTH 0 acids (B) TYPE: amno acid (C) STRANDE

(D) TOPOLOGY: %r 45 (ii) MOLECULE TYPE: peptide (vii) %%P’RT%M@%RCE

50 - (B) CLONE: peptide 83 (ix) FEATURE: (A) NAIVE/ KEY:

Modi fied-site (B) L%A bEMEOUR(Rar D, 7, 8, 10, 11, 13, 14, 16) 55
/

(D) OTHER | NFORMATI product = "D-ani no aci d residues” (X|) SEQUENCE
DESCRI PTI ON:  SEQ) | B0iHOULB3TYPBO peptide Arg |le Tyr Val _Ser Lys Ile Ser Ile

Tyr Ile_Lys Lys Ile Arg Leu 1 5 .10

15 (2) ¥ NFORMATI S]\I 84: 65 96 WO 98/ 37090

PCT/ | L98/ 00081 BRI STICS: - (A) LENGTH: 19 ani no aci ds (B)
TYPE: am no acid (C S single 5 ' (D) TOPOLOGY:
l'inear (ii) MRGUEEATUXBE: pepti de 10 ~ (vii) | MVEDI'ATE SOQURCE: (B) -

CLONE: 1pepti de 84 (1) NRHERVKBRE: MqdAFiddAELKEY: Mddified-site 15
(B) LOCATI ON: group(QB) AOCRTIONggToups2. 4% 716, 18& 10D) L THER 16)
| NFORMATI ON: / pr oduct? OBHER{TNEORMBTION Yoradess= ([ XiapineagEtcreseeer PTI ON:
SEQID NO 84: 20 Lys Ile Vval Ile Phe Thr Arg Ile Arg Leu Thr Ser Ile Arg
e Argsl (xi) SEQUENCESDESCRIPTION: SEQ ID No: 740 15 Ser
Ile Val 25

Arg Ile Tyr Val Lys Pro His Pro Arg Tyr Ile Lys Lys Ile Arg Leu

1 5 10 15

20
(2) INFORMATION FOR SEQ ID NO: 80:

(1) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 16 amino acids
25 : (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

30
{(vii) IMMEDIATE SOURCE: .
; (B) CLONE: peptide 80
35 (ix) FEATURE: | |
. (A) NAME/KEY: Modified-site
(B) LOCATION:group(l, 2, 3, 5, 7..11, 13, 14, 1s8)
(D) OTHER INFORMATION:/product= "D-amino acid residues”
40 '
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 80
Lys Pro Gly His Lys Ala Arg Pro His Ile Ile Arg Tyr Lys Ile Ile
L 5 10 15
45 '

- {2) INFCRMATION FOR SEQ ID NO: 81

(i) SEQUENCE CHARACTERISTICS
50 _ (A) LENGTH: 19 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

55 (ii) MOLECULE TYPE: peptide

{vii) IMMEDIATE SOURCE:
- (B) CLONE: peptide 81

60
(iz) FEATURE:
(A) NAME/KEY: Modified-site
(B) LOCATION:group(2, 4..8, 10..13, 15, 16, 18)
65 (D} OTHER INFORMATION:/product= "D-amino acid residues”

95



(2) 1 NFCRIVATI ON FOR SEQ | D NO 85: (|) SEQUENCE CHARACTERI STICS: 30

" (‘A) LENGTH WO&8&#%0 acids (B) TYPE: anino acid (C) STRANDEDNIEFALOYNNEL ¢
(D) TCPC]_OGY | i near 35 (1) I\/C]_ECULE TYPE: peptide (vii) | MVED ATE
SOURCE: (B) CLONE: peptide 85 40 (|x) FEATURE: (A) NAME/ KEY: Modified-site

EE)SCE%?TIOEIN g&gj%&%éﬁ?ﬂ&ﬁ FF%Sﬁ ééLyB;l(S?AI 25A§ )g(;l ?Dr (?E%]JFNICFe I.I e Ar g

Tyr Lys Met |l @yd Ile val Ile Arg I18 Arg Ile Arg Leu Ile Arg L Arg Ile Arg

15 50 (2) | NFORVATION FOR SE® I D NO 86: (i) ]$EQJENCE CHARACTERI ST CS 55
(A) LENGTH 25_amino acjds (B) TYPE: -amno acid (C) STRANDEDNESS: single
(D) TOPOLOGY: &¥Fclhear2ko (ii) MOLECULE TYPE: peptide (V||) | MVEDI ATE
SOURCE: (B) CLONE: peptide 86 65 97 . WD 98/ 37090

PCT/ | L9B/ 0098 knkbaolaTrEATRdREsES Ab RAMBALKEY: Modified-site (B)

LOCATI ON: group(9, 20, 21) (D) OTHER | NFORVATI ON: /'product= "D-am no acid
residues” 5 (xi(}) SEQUENI CBERCRERISTINS: SEQ | D NO 86: Cys Lys Gy Phe Phe
Ala Leu lle Pro Lys(AI)I BENGTH: Sk aBEfFO Peids eu _

TYPE: amino acid
15 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide .

(vii) IMMEDIATE SOURCE:
. (B) CLONE: peptide 82

(ix) FEATURE:
25 (A) NAME/KEY: Modified-site
(B) LOCATION:group(2, 3, 4, 6..11, 13, 14, 16, 17, 19)
(D) OTHER INFORMATION:/product= ¥YD=-amino acid residues"”

30  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82:
Arg Ile Ile Val Lys Ile Arg Leu Arg Ile Ile Lys Lys Ile Arg Leu
1 5 _ 10 , 15

35 Ile Lys Lys

(2) INFORMATION FOR SEQ‘ID.NO; 83:

40 (i) SEQUENCE. CHARACTERISTICS:
(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D)  TOPOLOGY: linear

45
(ii) MOLECULE TYPE: peptide
(vii) IMMEDIATE SOURCE:
- 50 {B) CLONE: peptide 83
(ix) FEATURE:
(A) NAME/KEY: Modlfled—51te
. (B) LOCATION:group(2..5, 7, 8, 10, 11, 13, 14, 16)
335 {D) OTHER INFORMATION{/product= "D-amino acid residues"
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83:
60 Arg Ile Tyr Val Ser Lys Ile Ser Ile Tyr Ile Lys Lys Ile Arg Leu
- 1 - .5 10 15
(2) INFORMATION FOR SEQ ID NO: 84:
65 '
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10 5 | 10 5
Phe Lys" Theré?t?FT_“@ﬁ Ser Ala Val Cys 20 25 1%(3‘7“(9”“”8}_ L.
| NFORMATI ON FOR SEQ I D NGO 87: (i) SEQJENCE CHARACTERI STI CS; (A) LENGTH: 26

am no acids (B (C) STRANDEDNESS: single
(D) TOPOLOGY: |rchU %@E’*%Sf I FCIVRE: peptide 25 (vii) | MVEDI ATE

l-l

SOURCE: (B) CLONE: (anpfygd;e Sinbol gald:EATURE 30 ' (A) NAVE/ KEY::
Modi fied-site (B) LOCASI@NDEpNESP( 1ding?d, 22) (D) OTHER

| NFORMATI ON: / pr odudPs TC[BOéeﬁﬁho lagear r esi dues" 35 (xi) SEQUENCE
DESCRI PTI ON: SEQ 1. D_NQO. Cys s, Lys Gy Phe Phe Ala Leu Ile Pro Lys Ile
lle Ser Ser Prdt MOLECHLE fiee Pep‘é 10

15 40 - Leu Phe Lys Thr Leu Leu Ser Ala Val Cys 20 '

25 (2) 10l NFORNBTL ONMRER SEQsbERAND.  88: 45 (i) SEQUENCE -
-CHARACTERI STI CS:  ( Ap) L(EMBEH péptiaeigdo acids (B) TYPE: amino acid (C :
STRANDEDNESS: si ngl e TOPOLOGY: C|rcular 50 (ii) MOLECULE TYPE: peptide

(vii) | MVEDI ATEX)S CLONE: peptide 88 (ix) FEATURE:

(A) KEY: Mbdi f%%do‘gﬁ%s%g%%ﬂ QE’C?R?K@‘E 8upl(31| 15 2%5,. chl%)%'e)u ﬁ%g‘,ENCE

(D) ER | NFORMATI d@gtg Dé%ﬁg
DESCRI PTION: SEQ I D 88: 65

. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 84:
20 ' ' .

Lys Ile Val Ile Phe Thr Arg Ile Arg Leu Thr Ser Ile Arg Ile Arg
1 s 10 15
Ser Ile Val

25

(2) INFORMATION FOR SEQ ID NO: 85:

: (i) SEQUENCE CHARACTERISTICS:
30 (A) LENGTH: 16 amino acids
{(B) TYPE: amino acid :
.{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

35 (ii) MOLECULE TYPE: peptide
(vii) IMMEDIATE SOURCE:

: (B) CLONE: peptide 85 .
- 40

(ix) FEATURE: .
. (A) NAME/KEY: Modified-site
(B) LOCATION:group(l, 2, 3, 5, 7..11, 13, 14, 16)
45 '
{(xi) SEQUENCE DESCRIPTION SEQ ID NO: 85:
Lys Pro Ile His Lys Ala Arg Pro Thr Ile Ile Arg Tyr Lys Met Ile
1 '5 10 15
50 '

(2) INFORMATION FOR SEQ ID NO: 86:

(i) SEQUENCE CHARACTERISTICS:
55 (A) LENGTH: 25 amino acids
' (B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: circular

60 ~ (ii) MOLECULE TYPE: peptide
{vii) IMMEDIATE SOURCE:
_ (B) CLONE: peptide 86
65 . '
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WO 98/ 37090
PCT/ 1 L98/ 00W9198@V§90Lys Lys Lys Gy Phe Phe Al a Leu lle Pro LyRCT/I98/0p481 S

Ser 1 10 o 15 Pro Leu
Phe Lys Thr Ley Le Ser AI a Val Cys 5 _ 20

25 (2) | NFORMATH )ia-L1 e SEQUENCE CHARACTERI STI CS 10

(A) LENGTH. 16 am n@jags g};ﬁ%ﬁg’% rﬁg acid (C) STRANDEDNESS: single

(D) TOPOLOGY: ci rcusgaroﬁ&m INFORME: "DY¥RREndPepid des{didsy | MVEDI ATE .
SOURCE:5 (B) CLONE: peptide 89 20 (X|) SEQUENCE DESCRI PTION: SEQ I D NGO 89: °
Q/sArgIIeVaI lle Arg Ile Arg Ile Arg Leu Ile Arg lle Arg Cys 25 . - 1

{xi) SEQUE ’E DESCR TION SEQ ID N@s 8(62) | NFORMATI ON' FOR SEQ | D

0 90, o1 7 R SR T SRR AT 32

(i1) MOLECULE TYPE: peptide (vii) | MVEDI ATE SOURCE: 40 (B)
CLONE: pepti der8e I(ysx):hFEAELEE SEA)AINAYEY IKFY: Modified-site (B)
LOCATI ON: group(2, 3, 4, &08..12, 14, 15, 287) 45 : - (D) .OTHER

I NFO?%O\%/ %ggki%’m; %oa/rrkgﬁ I%cl}ygi ci dues" (xi) SEQUENCE DESCRI PTI ON:

SEQ | y Hs Lys Ala Arg Pro His lle Ile

Arg Tyr Lys Il qi] SEQUENCE CHARACTERDSTICS: 10
15 1le Cys 55 (2) |MFCR{WG'E‘HO\2FQR1:EE@CLB NO 91
- P ({B) TYPE: amino acid _
20 ~ (C) STRANDEDNESS: single
. (D) TOPOLOGY: circular

(ii) MOLECULE TYPE: peptide

25
L {(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 87

- (ix) FEATURE:
30 (A) NAME/KEY: Modlfled—31te
' ' (B) LOCATION:group(1l0, 21, 22)
(D) OTHER INFORMATION: /product= "D-amino acid re51dues"

35 (xi)'SEQUENCE DESCRIPTION: SEQ ID NO: 87:

Cys Lys Lys Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro
1 5 - 10 15

40 Leu Phe Lys Thr Leu Leu-Ser Ala Val Cys
: . 20 25

(2) INFORMATION FOR SEQ ID NO: 88:

45 . (i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 27 amino acids
(B) TYPE: aminoc acid .
{(C) STRANDEDNESS: single
0 {D) TOPOLOGY: circular
5 . .
(ii) MOLECULE TYPE: peptide

(vii) IMMEDIATE SOURCE:
55 : (B) CLONE: peptide 88
(ix) FEATURE: ,
(A) NAME/KEY: Modified-site
- (B) LOCATION:group(ll, 22, 23) : '
60 (D} OTHER INFORMATION:/product= "D-amino acid residues"
(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 88:
65
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(B) TYPE: (C STRANDEDNESS: single (D) TOPOLOGY: circu

MOLECULE TYPE: peptide 65 99 WD 98/ 37090

PCT/ 1 L98/ 00081 dyyi tl% IIJWE%SA‘EEySQJRﬁEe 2 B) L NE: PrBeﬁ;}é q’@e9ﬂe53er ser_ (iX)
FEATURE: (A) NAVE/ KEY: Modi fised-site (B) LOCAIbON: group(3, 4, 5s 7, 8, 9,
11, 12, 14, 15, ‘17, 18, 20..23, 25, 26) (D) OTHER | NFORVATI ON: /product-
"D-amino acid risi H%?heﬂflﬁ( %'P}’ ISE@EN@ErUESCRFP'ﬂY@\I SEQ I D NO - 91: QIS
Arg Phe’Ala Val Lys Ile AFY Leu Arg Ile I1® Lys Lys Ile Arg 15

5 15 Leu lie Lys Lys Ile Arg Lys
Arg Val Ile L INFORMATIO%OFOR SEQ ID NO: 89: 25 20 (2) I NFORMATION FOR SEQ I D
NO 92: (i) SE%N@W@I@ICKA) LENGTH: 13 amino acids (B) TYPE:-
amno d@id 25 (n) LENGTH:CJ6 SFRABNDEDNESS: single. (D) TOPOLOGY: |inear
(ii) MOLECULE TYPE: ( e J¥FBe a31@n °i1)‘-‘ IIVNEDI ATE SOURCE: (B) CLONE: peptide.

23C (part of peptid&i#@? ug&g L (A NAME/ KEY:
Modi fied-site (B) L group’(‘f i 8 10) (D) OTHER - ,
| NFORMAS 1 ON: / pradupbrecubsariae seprdaé esi dues” (ix) FEATURE: |

(i) SEQJENC% . ERI STICS: (A) LENGTH 28 amino acids 60 ,opn 98/00 81
amno acid ar .?IJ

(vii) IMMEDIATE SOURCE:
. (B) CLONE: peptide 89
20 - '

(xi) SEQUENCE DESCRIPTION: SEQ ID'NOE 89:

Cys Arg Ile Val Ile Arg Ile Arg Ile Arg Leu Ile Arg Ile Arg Cys
25 1 _ . 5. - 10 . 15

{(2) INFORMATION FOR SEQ ID NO: 30:

30 . (1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single

- (D} TOPOLOGY: circular

35 : i . .

(ii) MOLECULE TYPE: peptide

' (vii) IMMEDIATE SOURCE:
40 {B) CLONE: peptide 90

(ix) FEATURE: .
(A) NAME/KEY: Modified-site -
. (B) LOCATION:group(2, 3, 4, 6, 8..12, 14, 15, 17)
45 (D) OTHER'INFORMATION:/product= "D-amino acid recidues"™

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 90:

50 Cys Lys Pro Gly His Lys Ala Arg Pro HlS Ile Ile Arg Tyr Lys Ile
1 . 5 - - 10 15

Ile Cys

55 .
(2) INFORMATION FOR SEQ ID NO: 91:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 28 amino acids
60 {B) TYPE: amino acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: circular

(ii) MOLECULE TYPE: peptide
65
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40 ;m NAME/ KEY: Nbdlfled site (B) LOCATION 13 (D) OTHER )
| NFORMATI CN‘@[??@ 8t = "OTHER' /note= "the carboxyl group at tB(IEIVA08Y nys
is replaced by an am no group” 45 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 92:-
Lys Leu-Leu Leu Lys Leu Leu Leu Lys Leu Leu Lys Cys 50 15

10 (2) |NFOR|\/§ 93: (i) SEQUENCE CHARACTERI STICS: 55

(A) LENGTH 1 %ﬁ%&%&%ﬁﬁﬁggsl am no acid (C) STRANDEDNESS: single
(D) TOPOLOGY: linear 60 (ii) MOLECULE TYPE: peptide (vii) | MVED ATE
SOURCE:S (B) CILGI«EFEBWRE de 24C (part of peptide 93) 65 100 WD 98/ 37090

Eg&ll':_?ﬁll g;gﬁééil X)(g%’iﬁl }Ol% E)N%Eg:%:%: %}\llﬂp i)% % ¥ 4 18- aci d

resi dues o AeoMAEN - a8 0artio®ad LAIRTLON. 13 (D)
OTHER {ogNFORMATI ON: /pr oduct = "OTHER 0p /note= "the .

car boxyl group at the C-terminus is repl aced by an am no group” (xi) '
SEQUENCE DESCRkﬂTImUEEEQDEEWI@B SE® IDyNOY @d:Leu Leu Lys Leu Lys Leu Lys

Leu Leu Lys Q/s 5 119 (a, |_NF I\/ATi ON
.Arg Phe Ala Val Lys Ile Arg Leu Arg Ile Ile ys s Ile
FOR SEQ I D NO liﬁl 5 10

15

Leu Ile Lys Lys Ile Arg Lys Arg Val Ile Lys Cys
20 25

20 - (2) INFORMATION FOR SEQ ID NO: 92:

(i) SEQUENCE CHARACTERISTICS: _
{A) LENGTH: 13 amino acids -
{B) TYPE: amino acid
25 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear .-

(ii) MOLECULE TYPE: peptide

30
(vii) IMMEDIATE SOURCE:
(B) CLONE: peptide 23C (part of peptlde 92)

(1x) FEATURE: .
35 : (A) NAME/KEY: Modified-site
(B) LOCATION:group(3, 4, 8, 10)
(D) OTHER INFORMATION: /product= "D-amuno acid re51dues“

(lx) FEATURE: ;
40 : (A) NAME/KEY: Modified-site
: {B) LOCATION:13 _
(D) OTHER INFORMATION:/product= "OTHER"
/note= "the carboxyl group at the C-termlnus is
replaced by an amino group"

45

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92:

Lys Leu Leu Leu Lys Leu Leu Leu Lys Leu Leu Lys Cys
50 1 5 _ - 10 :

(2) INFORMATION FOR SEQ ID NO: 93:

(i) SEQUENCE CHARACTERISTICS:
55 (A) LENGTH: 13 amino acids
" (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

60 {ii) MOLECULE TYPE: peptide .
(vii) IMMEDIATE SOURCE:
. {B}) CLONE: peptide 24C (part of peptlde 93)
65
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20 (1). SE%%E%RACTERI STICS: (A) LENGTH: 33 am no acids (Fl:'r/-flfaﬁm %:im no

acid (0O SS. single 25 (D) TOPO.OGY: |1 near (r1
MOLECULE TYPE: peptide 30 ~ (vii) | MVEDI ATE SCURCE: (B) CLONE: PARDAXI N
(xi) SEQUENCE RESGRaRTREN. SEQ ID NO 94: 35 dy Phe Phe Ala Leu Ile Pro
Lys Ile lle Ser Ser (2pr PaNEREPh@oly Sieki-site 5

10 ' (B) LGCAMION{gneup 63) SerG,Alla)VaI Gy Ser Ala Leu Ser Ser
Ser d y Ay dn 40 (D) OTHER INFORMATION: /ppgpuct= "D-amino acid respdues™

30 A u %5 (2) ;I\F ON FOR SEQ ID NO 95: (i) SEQUENCE

CHARACTERI STI (S A@gﬁ Yzqdogﬂirgg_gﬂgs (B) TYPE: amino acid 50

(O STRANDEDNESS sw)g nFPOLOGY: linear (ii1) MOLECULE TYPE: peptide

55 (vii) | MVEDI ATE SGUREIER RYORBACING : /Medduick - n"qTHER" FEATURE: 60

(A) NAME/ KEY: Modifi ed- sntn@téﬁ)"tbexyh'fbmﬁ@réﬁl) aOTHER CHBR@RNF | 3N: / pr oduct =
" OTHER' /néﬂélace?h*éy @ar Hebp| IRl at the C-terminus is repl aced by an

am no group" 65 101 WO 98/ 37090 '

PCT/ | L98/ 0008]-(XQE|QEQ?E%M§EC£¥P$%PEE9\&D §5Q d) NO 95: G y | I e Ay AI a
Val Lewys Lys Val hr Thr Gy Leu Pro Ala Leu

Lys Leu Leu Leu Lys Leu Lys Leu Lys Leu Leu Lys Cys
1 5 _ 10 _

(2) INFORMATION FOR SEQ .ID NO: 94:
20 . : ' .
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
25 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

30 (vii) IMMEDIATE SOURCE:
: {B) CLONE: PARDAXIN

 {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 94:
35 _
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1. 5 10 5

Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Gly Gln
40 _ 20 . 25 30

Glu

45  (2) INFORMATION FOR SEQ ID NO: 95:

(i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 26 amino acids
(B) TYPE: amino acid
50 - {C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

55 :
(vii) IMMEDIATE SOURCE:
(B) CLONE: Melittin

(ix) FEATURE
60 _ (A) NAME/KEY: Modlfled—51te
. (B) LOCATION:26
(D) OTHER INFORMATION: /product— "OTHER" -
/note= "the carboxyl group at the C-terminus is

. replaced by an amino group™
65

101



1 5 10 . 15 Ile Ser Trp
lle Lys Argwyss?esg Gn G n 20 R 25 102 - WPCAHLI/0He1L
PCT/ 1 L98/°00081 CLAI MS 1. A non- henDIytlc cytolytic agent selected" from:
a peptide, a conplex of bundled 5 peptides, a mxture of peptides or a

randon1pept|de copol¥ sai d_agent having a selective cytolytic activity
mani f est ed i n FHasER E‘WESD%SCNF i BQIPi Yt y>bn pat hogenic cel Is, bel ng

cel I's which arg; NG NGl Hh2l '\béloﬁ&}”r&é %J.V‘&.M"Tﬂrtﬁ% 80 %.GORY BLL NGO

m cr obisal patthenlc organi 18 and nal i gnant 1gells; and it isis

non- henol ytic, nanmely it has no cytolytic effect on red blood cells or has
a cytol ytic ef fkctSeorTapedld|lysdrxeLys Mg G Gdoncentrati ons which are
substantial Iy higher .thad%that .in which i#>manifests said cytolytic °
activity, said non-henolytic cytolyticc agent being selected fromthe group
consisting of: (1) -a cyclic derivative of a peptide having a net positive
charge which is greater than +1, and conprising both L-am no acid residues -
and D-am no acid residues, or conprising one or both of L-amno acid -
‘residues and D-amino acid residues, and 15 canpri sing an a-helix
breaker noiety; (2) a peptide conprising both L-am no acid residues and
D-am no acid residues, having a net positive charge which is greater than
+1, and having a sequence of am no acids such that a corresponding am no
aci d sequence conprising only L-amno acid residues is not found in nature,
~and cyclic derivatives thereof; 20 (3) a conpl ex consisting of a
plurality of 2 or nore non- hemol ytic cytolytic peptides, each peptide
having a net positive charge which is greater than +1, and conprising both
L-am no acid residues and D-amno acid residues, or conprising one or both
of L-am no acid residues and D am no aC|d_reS|dues'and'conprising'an
[err]-helix breaker noiety, or cyclic derivatives of the foregoing, said
pepti des bei ng bundl ed 25 toget her by the use of a |linker nolecule
coval ently bound to each of the peptides; (4) a mxture consisting of a
plurality of 2 or nore non-henolytic cytolytic peptides, each peptide
havi ng a net positive charge which is greater than +1, and conprising both
L-am no acid residues and D-am no acid residues, or conprising one or both
of L-amino acid residues and D-anino acid residues and conprising an
a-helix 30 breaker noiety, or cyclic derivatives.of the foregoing;
and (5) a random copol yner consisting of different ratios of a

hydr ophobi c, a positively charged and a D-am no acid. 103"
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WO 98/ 3709 98/00081

by l _\
PCT/ 1 LO8/ 08‘8@]‘.’8/57090 &B& a@cl | C peptide according to clai m%

conpri si-ng both. D and ,g ues having a sequence such that a
honbgeneous open-chain ﬂ g only L- or only D-amno acid

resi dues and b ng the sane ami o 4ci d sequence as said peptide, has an
[err]-heli guration and has a broad spectrumcytolytic activity 5
mani fested on a variety of cells. 3. - The cyclic peptide according to
claim2, which is a cyclic diastereoner derived frompardaxin or nmellitin
or from fragnent sAtdeariesiolytidcytdlytic agent selboteddyarh iacpeptiie,i aleomplen odibugdled
claim3, in which the net posrtrve char ge- greater than +1 is due to t he
native SamIWtPtld@!’r,d’r1 @@im%lofl ReRtidesy of @ afmn Reptids &‘%fr said; agenphayingea

carboxyl gr s Qr Q0. Lyel

r ési dues aﬁ‘? V ﬁg@ﬁé cﬁyﬁgg’g"iﬁgei g e&nﬁﬁgﬁ‘a%rgg 9 1%3@%9%%%%%% cells,
cyclic peprséxﬁ’g% celi§ Qﬂﬁd:H‘@ret ﬁoﬁ‘-hﬁthfﬂllﬂ' oddey wﬁthaetmbe@ fcbasistingC YE ImhiGrobial
di astereonmer of pardaxin or of a fragment thereof to which Lys residues

have been pafhieginico otgamiskbst mdrmalugnattdrtaﬂrs ami ibdg nynmbt@r sapeihitybashoen
dded to the Ct h di t | 5,

el ect ed {eAHEHRS ot @odb Ploosh gl an i Py eHoRbb: L deited DAL by

pept i dgs 8&11&@1%&&%&5 %l&?%%ﬁﬁﬁm&ﬁy }@Kgr 'tﬁ‘an'%@tr ﬁﬂwl[u@l R[rﬁéﬂxfests[ fid J:}t[)@'h&]

[ 1-22] -'par e sequence:

Cys- Lys- d activity; ﬂnden&t—he:helyub Icytoﬂ?,rtmdggm’e bbmglsbbetﬁé from the group con51stmg of:
Ser - Pro- Leu- Phe- Lys- Thr - Leu- Leu- Ser, A{.@ é} %/

K[ err] K[ er&[ D] p[cafrzqu Hfvatve e?érnephflq vng aane BPS!P%C%%&%@% is greater than

Oys-Lys-Lys-dy; @gm[? m@{- E% ILe %}’ ﬁ J&l}ﬁu 8§‘ndsﬁ- c1d ﬁeﬂdues or

Ser - Pr o- Leu- Phe-

Klerr] Kl err] [ Dtohgfisihg loheror]bbﬂ-edsﬁ‘ L—ahilma atidpesidaés atddeDaamue racfel reSidues, and
Cys- Lys-Lys-Lys-Q3 y-Phe-Phe-Al a-Leu-11le-Pro-Lys-1le-Ile-
Ser - Sets Pr o- Leucmpnuysatrmhe_ectbre&wmetw a-.Val - cys 104 VO 98/ 37090

PCT/ 1L98/ 0QQ81 7 The { ccor di I oth |
L-ami no ac reérw&éeaﬁ?é"#g%h admpgls?‘%%é'gs@heg %g%ﬁjzém gﬁﬂg éﬁ%‘c’swe

am no aci ds SUCBaﬁﬁéta%eﬁﬁédi@ﬁO dg@erhium 1@%r@diérdh§t€%eﬁl€&h§ﬁﬁ§@ selyiiéhcerdfy
L-amino acid residues is not found in nature. 5 The peptide

according to cl aming aCidavsmb thate af esirtesppnding: raanm,taetd §qu-\§9°€ (camprising pelya

non-natural synthetjc pe ed ., of vary ti,08 t one
hydr ophobi ¢ ani HAEECHC sig lt“"SI 1§§§{)tsgﬂg I, Bty exé‘%yc@ﬁgfﬂ‘é \-01) El}%eogi ‘and
in whigh (3)  a complex consisting of a plurahty of 2 or more non-hemolytic cytolytic pept1des,

each peptide having a net positive charge which is greater than ~l.-1,' and comprisin_g
both L-amino acid residues and D-amino acid residues, or comprising one or both
of L-amino acid residues and D-amino acid residues and comprisihg an o-helix
breaker moiety, or cyclic derivatives of the foregoing, said péptide-s being bundled
25 _ together by the use of a linker molecule covalently bound to each of the peptides;
()  a mixture consisting of a plurality of 2 or more noh-hemolytic cytolytic peptides,
 each peptide having a net positive charge which is greater than +1, and comprising
- both L-amino acid residues and D-amino acid residues, or comprising one or both
of L-amino acid residues and D-amino acid residttes and comprising an o-helix
30 breaker moiety, or cychc derivatives of the foregomg, and
(5) a random copolymer consisting of different ratios of a hydrophoblc a

positively charged and a D-amino acid.
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sequence at | east one of ) " sidues is a D-amno acid; 10 (b)
- the pepti dewbaseosnet pos'ﬂﬁmmmﬂlﬂmlmu h is greater than -‘#cT/E9siodes)
. the rati o of hydrophobic te poesitiwely cRarged am no acids is such that ‘the
peptide.is cytolytic to pathogenic cells but does not cause cytolysis of
red bl ood zells. %he cyclic Peptideesdcoriiing toc alaiinni(1), coedprisingBhothier andriL-atrdéno
positively charged am nho acid is 15 selected fromlysine, arginine and
hi sti di ne, acighgesidues Mmmﬁﬁﬂ%ﬂ%rﬁ%‘bﬁ@é?leFEJg%qOé‘ﬁtOBE!‘Fﬂ%WB%'?@PHSlng

i sol euci ne lyyci ne i Ne, .: i e | 19 | he:-and
trypt ophanoeid o or Sty EARIREacid RldlEs aRD BEVE U el Bl Ao sodubh B4
positive CHAKYR Hal3drf o-h8dD ARfigirhtib® #dChhd af BeoadMspetndi Lyeslfio dctivigy or
to the addition of positively charged chem cal groups, or which
hydr ophobi miahifested/oba vatdety efisells. by t he addi ti on of polar amino acids such
as serine, threonine, nethionire, asparagine, glutam ne and cysteine. 11.
The peptide according to claim10 having at |east 6 am no acid residues, in
25 whichythe hy ' m £ : [ ' ald ;
the posi t1Fely chal e ik petadUbeBidh b nbl £ ficn B AYCIE luatridiierBed
to clai m lfomsirddkif ofineHiter crdroih fragmentd teeof. 8- mer or 12-mer pepti de
conposed of |eucine and lysine, in which at |east one third of the sequence
30 is conposed of D-ami no acids, but excepting the peptide herein
cliggl gn?%dééf’é?gnghe %%?ﬁcLSé’pt&d%“ac%Sr%g’ % IEFa'ilmLiufnL i Lﬁ?ﬁé@fﬁ%}g@\fé‘ %.rgNé_l 2
A Leu/Lys gieat taR0NEE dae ¢PfHd natlvé Smitloticid éozngpo%&ioas: HER athiRed b) AeRPRiZH6S
herein desrfgnated 24 to 29, (SEQ ID NO 24-29, respectively) of the
sequence: @ffree cdrpexyl gooupsior byuhe ydditienief positively chaygedlaming gcidirgsidudsiznd/or
Lys-Lys-Leu-Leu- Lyg- Lg{g- L%%- Lleu- Lys-Leu-Lys-Lys-NH2 5 - 26.
Lys- Leu- LeROsiRYRlY Gharged chemicgl grounsy s | ay- Leu- Lys- NH2 27. -
Lys- Leu- Leu- Leu-Lys-Leu-Lvs-Leu-Lys-Leu-Leu-Lys-NH err] 28. - Lys-Leu-Leu-
Leu -Leu-Lys 29. Lys-Leu-Leu- Leu - Lys-Leu-Leu-Lys 10 14. The
cyclicisler Bvat i ve Tie ayclim peptider atcosding Itet ¢laimpdptwhich ds csledtedgfrom angycline

of clains 7-13, selected fromthe.peptides herei,n desi gnated,92-95, of, the

sequence: @gteap&qr@%@%daﬁ%oi P Mi@ﬁ?ﬁ&e@éﬂnﬁgﬁﬂﬁgﬁdvg hﬁ_‘é%g?_eé’lﬁdl‘_iﬁé |
s 93. i Mﬁ' - nladgdl ehisYs 94.

(HAI/\I - Lysqll_géu g@% eu y@w&éhﬁ{gu' é%??@ﬁxﬁgﬁﬁ%ys-&&%msgt HN -ugll_ys Leu

Leu Leu Lys Leu Lys Leu Lys Leu Leu Lys - CO 15. A conpl ex of bundl ed

eptides according to claim1l consi sting of .a uralit
pep 6. e cyclic pel()t:% e .accord?ng t% claim pg, se{ecte%/i from the cyclic:

20  pardaxin-derived peptides herein designated peptides 86-88, of the sequence:
~86. Cyclic K1[D]P7 L1819 {1-22]-par of the sequence:
Cys~Lys-Giy-Phe-Phe-Ala-Leu—Ilé—_Pﬁ)—Lys—Ile-Ile-Sei'-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-Cys

25 ~ 87. Cyclic K1 K2[D]P7 L18119 [1-22)-par of the sequence:
' Cys-Lys-Lys-Gly-Phe-Phe-Ala-Leu-Tle-Pro-Lys-Ile-Ile-Ser-
Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-Cys

- 88. Cyclic K1K2x3 [D]P7 L18119 [1-22]-par of the sequence:
30 _ Cys-Lys-Lys-Lys-Gly-Phe-Phe-Ala-Leu-Tie-Pro-Lys-Tle-le-
Ser-Ser-Pro-Leu-Phe-Lys-Thr-Leu-Leu-Ser-Ala-Val-Cys
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on- henol t|c cytol ytic peptides accordi ng o
cI ai m; 1- 1360%7§9€ept | d mm toget her through a | |C%gg‘9y/o&?€cul -
coval ently bound to each The conpl ex according to

cl ai m 15, wherein the bundl e |s corrposed of 2 or 25 nore, preferably 5,
nol ecul es of the sanme peptide or of different peptides, and the linker is a
peptide ageor di ngﬂ{efbe%ﬁﬂe Q8@rdihg td'elaidh @ezgdédiﬁpﬁéuelg Both 2-arirfo 4 SP Risiduls &tk

| i nker. conpl ex according to’claim selected fromthe

bundl ed L)B-bimmo dcidsiesideemands having & rsequssicy rmﬁtanrdn@ ecidnguelivthaB@ correspondigs.

([D]-L[err]- K4L8 err -L[.err L8, of sequen

- (Lys- Leu- I?EHDQ@EI‘ quar EEP_‘]@EH 18&"!’:‘)’5‘ F_%?éde ?9@59%’9]“3% Leu- Leu-
Leu-Lys- Leu-Leu-Leu -Lys-Leu-Leu-Lys- NH[err] 106 WO 98/ 37090

PCT/1L98/ 00081 97. ([D-L[err]-K5L7C)[err] [D]-L[err]-K4L9 of the sequence:
(Lys- Leu- Iggu- Leu- e peptidd ackoldengs toydaite?) Having the followind-Blamadiaristiesu- Leu
Leu-Lys-Leu-Leu-Leu -Lys-Leu-Leu-Lys-NH2 5 1 The m xture according to
cl ai m 1( 4)(a):onst ds ianmprofatyrap isymthetic yeptfdechmpoﬁsd ofnnying rmilgﬁt pf: at}ﬁaat 9tl¢ c

pepti des, t he, t.i,de re as defi | one of 4
" 16°°" Hydrophebin SminpeRat R g gu Easivey Suted iy acis Zhdin “ghich
Lys/ Leu 1%&: an%Pfeh%n@'o?%eedrﬁﬁﬂﬁEﬁreﬁ@ues 1saDTE&ﬁ1d&Od&1d‘e”D| ytic cytolytic
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10. - The peptide according to claim 9, wherein the net positive charge greater than
20  +1 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.

11. The peptide according to claim 10 having at least 6 amino acid residues, in
25  which the hydrophobic amino acid is leucine, alanine or valine, and the positively charged

amino acid is lysine.

12. The peptide according to claim 11, being a diastéreomer of a 6-mer, 8-mer or .
- 12-mer peptide composed of lencine and lysme in which at least one third of the sequence
30  is composed of D-amino acids, but excepting the peptide herein desxgnated 23:
| - 23. Lys-Leu-Leu—Leu-Lys-Leu—Leu-L_gg -Lys_-_l_..ﬂx-Leu-Lys-NHz
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13. A Leu/Lys diastereomer accordmg to c1a1m 12, selected from the peptldes herein
desxgnated 24 10 29 (SEQ ID NO: 24-29 respectwely) of the sequence:

24. Lys-Leu-Leu-Leu-Lys-Leu—Lys-Leu -Lys-Leu-Leu-Lys-NH;

25. Lys-Lys-Leu-Leu—Lys-Leu—Lys—Lg,g -Lys-Len-Lys-Lys-NH,

26. Lys-Leu-Leu-Leu-Lys-Leu-Leu-Leu -Lﬁ-Leu—Leu-Lxs-NHz

27. Lys-Leu—Leu—Leu-Lzs-Leu-L_vs—Leu—Lvs-Leu-Leu-Lys-NHz
28. Lys-Leu-Leu-Leu -Leu-Lys |
29. Lys-Leu-Leu- Len - Lys-Leu-Leu-Lys

14. The cyclic derivative of 2 non-natural synthetic i:eptide according to any one of
claims 7-13, selecfed from_the peptides herein designated 92-95, of the sequence:
~ 92. Cyclic Cys Lys Leu Leu_Leu Lys Leu Leu Leu Lys Leu Leu Lys Cys
93. Cycﬁc Cys Lys Leu Leu_Leu Lys Leu Lys Leu Lys _L_ey Leu Lys..C'ys
~ 94. HN-LysLeuLeu LeuLys Leu Leu Leu Lys Leu Leu Lys—~CO

95. HN-LysLeuLeu LeuLys LeuLys Leu Lys Leu Leu Lys—CO

15. A complex of bundled peptides according to claim 1(3) consisting of a plurality

of 2 or more non-hemolytic cytolytic peptides according to any one of claims 1-14, said

peptides being bundled together through a linker molecule covalently bound to each of the

peptides.

16. = The complex according to claim 15, wherein the bundle is composed of 2 or
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 lihker.

17.  The complex according to claxm 16 selected from the bundled Lys/Leu

d1astereomers herein designated 96 and 97 _
96. ([D}-L3:4:8,10. K4L8C)5 [D}-L3:4.8,10.K41.g of the sequence:
(Lys-Leu—Leu-Leu-Lys-Leu-Leu—Leu—Lys~Leu-Leu-Lys-Cys-NHz)s Lys—Leu—Leu-
I_igg-Lys-Leu—Leu—Le_g_-Lys-_LQ_J—Leu-Lys_-NHz _
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97. ([D1-L3:4:8,10.K5s1.7C)5 [D]-L.3:4:8,10.K4Lg of the sequence:
(Lys-Leu-Leu-Leu-Lys-Leu_-Lys—L_gu_l—Lysﬂx-Léu—LYs-—Cys—NHz)s Lys-Leu-Leu-
Leu-Lys-Leu-Leu-Leu -Lys-Leu-Leu-Lys-NH;

18. - The mixture according to clalm 1(4) consisting of a plurality of 2 or more
non-hemolytic cytolytic peptides, wherein the peptides are as defined in any one of claims
1to 14.

19.  The mixture according to claim 18 comprising a mixture of Lys/Leu 12-mer

peptide diastereomers.

20. The non-hemolytic cytolyﬁc random copolymer according to claim 1(5),

consistiﬁg of different ratios of a hydrophobic, a positively charged and a D-amino acid,

21. The non-hemolytic cytolytic random copolymer according to claim 20,

composed of lysine, leucine and D-leucine intheratio1:1:1, 2:1:1or3:1:1 (Mol).

22. - A pharmaceutical composiﬁon comprising a non-hemolytic cytolytic agent

according to any one of claims 1-21,anda pharmaceutically acceptable carrier.

'23.  The pharmaceutical compositiori according to claim 22,. for the treatment of

infections caused by pathogenic organisms.

24, The pharmaceutical composition according to-claim 23, wherein the pathogenic

organism is selected from bacteria, fungi, protozoa, mycoplasmé and virus.

25. The phamiaceutical composition according to claim 24, wherein the pathogenic

organism is a bacterium.

26. The pharmaceutical composition according to claim 22, for the treatment of |

cancer.
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