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"New' antibiotics are often structurally related to, or structurally
deri ved BACKGROUND OF THE INVENTION
Antibiotic resistance is gaining in importance as a medical problem
because more microorganisms are becoming resistant to greater numbers of
antibiotics. See, Antibiotic Resistance, A Growing Threat, website at
20  fda.gov/oc/opacom/hottopics/anti_resist.html; P.J. Koplan et al., Preventing
emerging infections diseases. A Strategy for the 21" Century, U.S. Department
of Health & Human Services, Center for Disease Control & Prevention, Atlantic,
GA (1998). For example, some strains of Staphylococcus aureus have
developed resistance to many distinct antibiotics and are now described as
25  having a “multi-resistant” phenotype. Unfortunately, due to extensive use of
antibiotics, such multi-resistant strains of microorganisms are now found in the
general population and within hospitals. Hospital-acquired bacterial infections
occur in 5% of patients admitted to the hospital (about 2 million patients per year
in the United States). Such infections cause an estimated 20,000 deaths per
30 year, and contribute to an additional 60,000 hospital deaths every year. It is

estimated that such infections cause about 7.5 million added days of

hospitalization and cost an extra $1 billion dollars in health care costs each year.
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plasmid amplification of an encoded protein that can breakdown the 8-lactam

20  antibiotic. When S-lactam antibiotics are routinely prescribed, as often occurs in
hospitals, a small segment of the bacterial population that is resistant to such
antibiotics can propagate, the plasmids encoding the resistance function can
amplify, and the highly resistant strain of bacteria can spread throughout the
hospital.

25 This problem has been addressed by the production of new generations of
antibiotics. For example, valinomycin is a cyclic depsipeptide with an
alternating D-D-L-L chiral motif that employs ester linkages within the ring
structure. However, the activity, selectivity, in vivo stability, toxicity and
bioavailability of valinomycin and other such peptides are not optimal.

30  Accordingly, there is a need for fast-acting, non-toxic anti-microbial agents to

combat microbial infections, especially infections that are resistant to currently

available antibiotics, which are easily and cheaply manufactured.



The present invention provides new, fast-acting anti-mcrobial cyclic
pepti des and conpositions for treating and/ or preventing m crobial
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3 WO 02/090503 PCT/US02/ 14329 1361.009WOL A |arge variety of m crobial
i nfections caapied degramplg, Oy thewdilityof peptides to cause hemolysis of

mammalian red blood cells. Such cyclic peptides and pharmaceutical
20  compositions can be used for treating or preventing a microbial infection in a
mammal. Unlike many anti-microbial agents, preferred cyclic peptides of the
invention have been shown to be bactericidal, and not merely bacteristatic at
minimum inhibitory concentrations.
The cyclic peptides of the invention generally have a minimum inhibitory
25  concentration at which substantially no cells of at least one target microbe grow
in vitro that is less than one half the peptide concentration needed to cause 50%
hemolysis of mammalian red blood cells. In other embodiments, the minimum
inhibitory concentration can be less than one quarter to less than one fifth the
peptide concentration needed to cause 50% hemolysis of mammalian red blood
30 cells. In other embodiments, the minimum inhibitory concentration is less than
at least one tenth to less than at least one twentieth the peptide concentration

needed to cause 50% hemolysis of mammalian red blood cells.
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peptides include about O. ng/ I%?a to % VO 02/ 090503. PCT% HSOZ/ 14329.
1361 009WOL COMPOSILiON as Most micro I membranes.” Cyclic peptides ot the invention will
not preferably associate with mammalian cell membrane over microbial cell
20 membranes at desired anti-microbial concentrations.
The cyclic peptides can have a half-life in the bloodstream of the
mammal of about six hours or less, at an amount that is effective against
microbial infections.
Such an effective amount is an amount of the cyclic peptide that is
25  sufficient to induce death or lysis of microbial cells in single or divided doses
without inducing an undesired amount of death or lysis of mammalian cells.
Preferred cyclic peptides of the invention induce substantially no hemolysis of
red blood cells at anti-microbially effective doses.
In some embodiments, the cyclic peptides of the invention can be
30 administered in a single dosage and yet are effective for treating microbial
infections. Alternatively, the cyclic peptides of the invention can be
administered continuously or in multiple doses over a period of one to ten days.

Effective amounts of the present cyclic peptides include about 0.1 mg/kg to
4



about 100 ny/ kg of body weight, alternatively about 0.5 ng/kg to about 50
ng/ kg of body wei ght, about 1.0 ng/kg to about 30 ng/ kg of body wei ght, and
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adj acent onl Extmplesofipolbap- ixd oo-dmiaoacids éaat dmb@tﬂ@ed)m e pspBles of
PCT/ US02/ 14329 . 1361. 00 es of 1 oni zabl ﬁr anmino acids are
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glutamine, aspartic a01d, cysteine, homocysteine, glutamic acid, histidine,

20  arginine, lysine, hydroxylysine or ornithine.

The cyclic peptides of the invention generally have about 25% to about

'88% D- and/or L-ionizable amino acids. In some embodiments, the percentage
of ionizable amino acids can be from about 33% or 50% to about 65% or 88% of
the total number of D- and L-amino acids. Thus, for example, a six or eight

25  residue cyclic peptide can have at least one, or alternatively two or three or more
ionizable D- and/or L-amino acids. In other embodiments, the cyclic peptides of
the invention can have four to six ionizable D- and/or L-amino acids. Such an
ionizable D- or L-amino acid can be adjacent to at least one other polar or
ionizable D- or L-amino acid. Alternatively, the cyclic peptides of the invention

30 can have at least one ionizable D- or L-amino acid that is adjacent only to

nonpolar D- or L-amino acids.



art and the invention contenplates all such ionizable am no acids. Exanples
of ionizable D and/or L-am no acids include the D- or L-enantioners of

ar gi ni ne,woarparsvs ¢ aci d, glutam c acid, histidine, |ysin@eCThisdz/onydysine
or ornithine. 5 The cyclic peptides of the invention can have nonpol ar D
and/ or L-ani S %Pl resi dues. The cyclic peptides of the invention
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cyclic pe|50ti des ofT{Ill t8 ﬁgafcr#vegtr%;&%?g tﬁgﬁégg%t%% f ‘uf’é\}g“}??ir%‘gcr‘ﬁ@ Ig{r%d/mg &gﬁx&ﬁ/ﬁor

L- ami no aci dacid@tdiduess The cedicqeptidgsaifitiee ipegttiodesnemily haxesattoht E22%t@ 15 f our
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L-am no  aci gerc ttagé' SEtdnp6lay amito dcRRThn 88 EroRPAHRAL 80%Mb aBdutlé79dMo acid may
be adjacent "only To polar D or L-am no acids. Many types of nonpol ar

am no aci ds d6% cfithé tokd) Inember ofie anfl/os kidning acidh e Thy) forrexample, atheightwvent i on
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addition to the amino acids found naturally in proteins, other naturally
25 occurri nghavd fesedeifivs neagolyd-ader Lamipg peidashromerarbadimenis.detur ri ng
and _synt hel Lc. aifl ngy ASIdIS vl BRAETHAR TRBlor G, BVGY BvPRRileS of the

i nvention caf have an —am no adi sequence havi ng Formia’r:

(GRC atmdtes e et
02/ 0985035 pc%qgg@gpq_la b nd{’pgg,lqr@igg\%@fs.v\,ﬁé}eé%/trgn% of tl?ers)e onpolar D- and/or

L-amino acids may be adjacent to at least one other nonpolar D- and/or L-amino
acid. Alternatively, at least one nonpolar D- or L-amino acid may be adjacent
only to polar D- or L-amino acids.
Many types of nonpolar amino acids are available to one of skill in the
20  art and the invention contemplates all such nonpolar amino acids. Examples of
nonpolar amino acids include the D- and L-enantiomers of alanine, valine,
isoleucine, leucine, methionine, norleucine, phenylalanine, tyrosine or
tryptophan.
In addition to the amino acids found naturally in proteins, other naturally
25  occurring amino acids may be used, as well as non-naturally occurring and
synthetic amino acids.
In one embodiment, the cyclic peptides of the invention can have an

amino acid sequence having formula I:

30 (Yi)p-(Xy )m'(YZ)p"(XZ)p'(Y3)p'(X3)p'(Y4)p'(X4)p'(Y5)p'(X5)p -

— (X10)p-(Y 10)p(X0)p-(Y9)p-(Xe)p-(Y 8)p-(X7)p-(Y7)p-(Xo)p-(Y6)p
I



mis an integer ranging from1l to 7; each p is separately an integer
ranging fromO to 7; each X1, X2, X3, X4, X5, X6, X7, X8, X9, and X10 is
separ at el woa2/0%03p®l ar D- or L-a-am no acid; and each Y1, YZI/0£82/14849 Y5,
Y6, Y7, Y8, Y? Y10 is separately nonpolar D or L-a-amno acid; and
wherein the cycf)l o pepti de has an even nunber of from four to about

si xteen al ternati mfe@niand L-a anmino acids. 10 In another enbodinent, the
cyclic peptides of the V, amno acid sequence havi ng
formula Il: (DX 1 -L- %E?EM‘*‘%‘%@“E?‘\”?‘@W - (L-X3 - DX4) p - (L-Y3 -
D-Y4) P 15 -(L-Y8 - [Badfv) igseparalotyé@ intogiianping f{dh ¥6o 7; L- Y5) p - (L-X6 -

D-X5) - P 1l 20 wherein teg oml to .7, each pis
separately an integer ﬂb?(hg(lf’ %éi#@l){]oﬁ?%@gg’[}g gd%o 1sRgpardigly’as v X7,
and X8 issseparately a poI afpoldr DObr L-4Parkind 287 By aci d; each Y1, Y2, Y3, Y4,

Y5, Y6, Y7 and Y8 is separately nonpolar D- or L-a-am no acid; and wherein
the cyclic peptide has ea¢h ¥veYr, Nu,rfﬁerYsoYﬁ,fY?ohﬁs,f\Suland ¥ 1adsseparatelyxt een

alternating D- and L-a am no acids. m}{ec;t anot her enbodi nent, the
cyclic peptides of the i nvedPPBHaL: a‘iylg A% M6 aci d sequence havi ng
formula 111: (XI') ReHeteln ﬂre(&@hgpéﬁ%)e ha£ ﬁé@n@mﬁaﬂ& oKD fosSoriboid) P- (XI O 35
Y-Y.-Y-Y-Y-Y-Y-Y-Y- ~9p ~8P~7)p~6)P~5P~4)p ~

3)P ~ 2)p ) sixtgenpligyatng O%@DQWMJSDQSI 14329 1361. 009WOL
10 In another embodiment, the cyclic peptides of the invention can have an

amino acid sequence having formula II:

l"(D-Xl -L-Xz) m- (D-Yl - L-Yz)p - (L-X3 - D-X4) p- (L-Y3 - D-Y4) "

p
15

—(L-Ys-D-Y7)p - (D-Xg -L-X7)p - (D-Y¢ - L-Y5) p - (L-Xg - D-X5)
P
II

20
wherein:

m is an integer ranging from 1 to 7,
each p is separately an integer ranging from 0 to 7;
each X, Xy, X3, X4, Xs, Xs, X7, and Xy is separately a polar D- or
25 L-a-amino acid,
each Yy, Y, Y3, Y4, Ys, Y, Y7, and Yy is separately nonpolar D-
or L-a-amino acid; and
wherein the cyclic peptide has an even number of from four to about
sixteen alternating D- and L-o amino acids.
30 In yet another embodiment, the cyclic peptides of the invention can have
an amino acid sequence having formula III:

[ (Xl)p'(XZ)p'(X3)p'(X4)m"(XS)p'(Xﬁ)p'(X7)p'(X8)p'(X9)p'(XlOi|
35

(Y10)p-(Yo)g-(Ya)p- (Y 7)p-(Y6)p-(Y $)p-(Ya)p-(Y3)p-(Y2)p (Y1)
I



wherein: inis an integer ranging froml to 7; each p is separately an
integer ranging fromO to 7; each X1, X2, X3, X4, X5, X6, X7, X8, X9, and
Xlo is separcawedsy3a 5 polar D or L-a-am no acid; each YPCTNR02/¥B29 Y4, Y5,
Y6, Y7, Y8, Y% ?\Q,g Ylo is separately nonpolar D or L-a-amno acid; and
wherein the 3:3y%?° o bepti de has an even nunber of from four to about

si xteen al ternati Me@niand L-a ami no acids. 10 In yet another enbodi ment,

the cyclic peptide has ] i of formula IVa or 1Vb: D i
1 - (L-X2 - DX3)n - (ﬁ@@%&fﬁ%&%ﬁ%uﬁe@gﬁ 15 LAl 1 - (D X2 - L-X3), -
(D-YL -L-Y2)m - Di 3 kMhp RGQepdiatelsian:integer ranging ifiobre@er 7,y anging fromO0 to

4, inis an integer ranging fromJl to 7; X1, X2 and_X3 are each separately
a pol ar am no acid; ZSeqc%,XfY;}Qaﬁél Xz Xar2es ddcKsSoparhXen 1y SSERAY & ami no
acid; ands; wherein the cycl B_Sla%%ﬂﬁ-&-a‘ﬁﬁﬁo@&deve” number of fromfour to
about siXxteen alternating and L-a amno acids. In anot her enbodi nent,
the cyclic peptide haseah ¥iYoYad 4l Ys.eudnc¥s,0fo, afid¥ mub sacpdeately Va: 30 D X1
-L-X2 - (DY1 - L- 2)g L-X1 - D 2 - %\EYL- DYZM Va Vb 35 wherein: 8
VO 02/ 090503 PCT/ US02/ 14329 MOHPRAA Ry@ \nSraiiOLCith 3l eger ranging from 2 to
7; X1 and X2 are sgRAARHRIcYcROpPlideRhIh deh@dEmb¥loRém Yeuababsapar at el y

nonpol ar am no acids. 5 Thé clained cyclic peptides of the above formul ae,
however, exchixthen alternating D- and L-a amino acids.

10 In yet another embodiment, the cyclic peptide has an amino acid

sequence of formula IVa or IVb:

D-X; — (L-X2 - D-X3)n - (L-Y1 -D-Yz)m -L-Y; IVa

15

L-X| — (D-Xz - L-X3)n - (D-Y] -L-Yz)m -D-Y3 IVb

20
wherein:
n is an integer ranging from 0 to 4;
m is an integer ranging from 1 to 7;
X1, X, and X3 are each separately a polar amino acid,
25 Y1, Y, and Y, are each separately nonpolar amino acid; and
wherein the cyclic peptide has an even number of from four to about
sixteen alternating D- and L-o amino acids.
In another embodiment, the cyclic peptide has an amino acid sequence of
formula Va or Va:

30
D-X; -L-X, - (D-Y1 - L-‘fz)q L-X; - D-ﬁ(z - (L-Y1 - D-Yz)q

L |

Va Vb
35  wherein:



t hose conposed entirely of nonpolar am no acids. Mreover, a peptide having
any one of the foll ow ng sequences may be excluded fromone or nore of the
above forwoleamoseyclo-[-(An- D-Ala)4-] 10 cycl o-[-(d n- pDTIES0)/443R9
cyclo-[-(d n- DXﬁJ 4-1 cyclo-[-(Phe- D-Leu)4-] cyclo-[-(Phe- DAl a)4-]
cyclo-[- (A n DR G u- D Aa)2-] 15 cyclo-[-(G n- D Phe-G u- D Phe) 2-]
cyclo-[-(@n- DA a-d &is%ﬁité@e’ﬁrdngirfgyﬁdnﬁﬂ[to(ﬂ_r p- D-Leu)3-An- D Leu-]

cyclo-[-A n- (D Leu-Trp)4- Leu- . o

cycl o-[-Lys-D- Leu- Lys- lLaé‘GBi%? f%pféqﬁe-l?f%l-abé‘rﬂgl?]a;CIdfO cyclo-[-Arg- D Leu
-Arg- D-Leu- Arg- D LeWAmd-Y,Dut eapajately opapodar{anGheacis.Leu - d u- D- Leu-d u-
D-Leu-@u- D-Leu-]. Additionally, the foll ow ng sequences nmay or nay not
be excluded fromthe above fornul ae a associ at ed conpositions:

cycl o- [ - DOAr g- G n-Thealamagd ﬁYCIBPFPBg%éE%“@%W?)f ?ﬂe: howeyer, exclude

cyclo-[-D Ar = - = 2 Tr Bt TR des : :
cyclo-[-D Ar g@"ge Eo@p%e%@?ﬁﬂ%iﬁ%p&%ﬁam QOT%CE{STE\E?I%?VCR a peptide having

cycl o- [ - D- Ar gntFHone &F e dolRivanPsdquendtas imaybeTaxphifleg fipm @re or more of the
cyclo-[-D Ar % d n- D A]é% Trp-D-Trp-Leu- D-Trp-Trp-]. Cyclic peptides having
any of the al¥B9¥ DEHBERces, however, including any of 30 the excluded
sequences, may be incl uded idia mAM),-¢xcl uded from pharmaceuti cal
conpositions and peptidés of the preséent invention. Cyclic peptides often
have, fodOexanple, abowyclhduGlo-d-Abeutl si xteen D- and L-a-amino acids. In
ot her enbodi nents, the c%ll[i(t%ge%vaﬁqj have about six 9 WO 02/090503

PCT/ US02/ 14329  1361. 069¥AGL (44 “fen or twelve D- and L-a-anino acids.
In still other enbodi neptls.[-@help-Leupgpti des of about six or eight D and
L-a-am no acids are enployed. The pharmaceutical conpositions of the

i nvention can include &jclodfPeetbvdaedount of at | east one of the cyclic

pepti des of the invent ic?&o-[Q('Glﬁ-ViS’-Aq’z{-Glu- D-Ala);-]
15 cyclo-[-(Gln- D-Phe-Glu- D-Phe);-]
cyclo-[-(GIn- D-Ala-Glu- D-Ala)s-]
cyclo-[-(Trp- D-Leu);-Gln- D-Leu-]
cyclo-[-GIn- (D-Leu-Trp)4- D-Leu-]
cyclo-[-Lys-D-Leu-Lys-D-Leu-Lys-D-Leu-Lys-D-Leu];
20 cyclo-[-Arg- D-Leu -Arg- D-Leu- Arg- D-Leu-Arg- D-Leu-];
cyclo-[-Glu- D-Leu -Glu- D-Leu-Glu- D-Leu-Glu- D-Leu-].
Additionally, the following sequences may or may not be excluded from
the above formulae and associated compositions:
cyclo-[-D-Arg-GiIn-D-Arg-Ala- D-Trp-Leu- D-Trp-Trp-];
25 cyclo-[-D-Arg-Gln-D-Arg-Leu-D-Trp-Leu- D-Trp-Trp-];

b

cyclo-[-D-Arg-GIn-D-Arg-Val-D-Trp-Leu- D-Trp-Trp-]
cyclo-[-D-Arg-GIn-D-Arg-Phe-D-Trp-Leu- D-Trp-Trp-]; or
cyclo-[-D-Arg-GIn-D-Arg-Trp-D-Trp-Leu- D-Trp-Trp-].
Cyclic peptides having any of the above sequences, however, including any of
30 the excluded sequences, may be included within or excluded from
pharmaceutical compositions and peptides of the present invention.
Cyclic peptides often have, for example, about four to about sixteen D-

and L-a-amino acids. In other embodiments, the cyclic peptides have about six

9



5 nore different cyclic peptides of the invention. These conpositions al so
include a pharmaceutically effective carrier. According to the invention,

t he cycl iwopepbisdes need not be nade from D- or L-a-am nopaaiwe2/a43d can
alternatively_have a sequence of fromthree to about ten honochiral

(3-am no aci é%“.“’"ét‘(@h (3-amno acids are available to one of skill 10 in the
art. Beta amitmebautieaordéwalve®- subbioraninedcids. Imilbotherrenpbndimes sycly one to

two substituents O- St d ' aci jither S or R
chirality cz?ﬁptbdeesé%%u;g% ergﬁéﬁttt Eemgg%gta%ﬁéglggﬁgg%%c é?fég (3- pepti des,

provi ded that the Theybhintacé@idabpsmsisitiohs bothedhvenabn cid gighsitiabut ed (3-am no
acids enployed in the hopochiral 13- pepiii des 'Cff tgia present invention have
the rel ati ve eferivsrampuat eBat deaskons f shesycdc pepitdey of s IBYENUSAR WP t hat t he
cyclic (3zpeptidea:d i . - ALLRE igGudfs of the
cyclic (3§ pegﬁrgglsff%?rng gg%@gg%stOﬁtfi?englg%?i{og\r,\\qg%geu‘f% gﬁlh%%gﬁin%gl , 1.e.,

t he substi t uanthsmadcettimlly effieci\@rcamidsackbone carbons should be all S and/or

S,S, or all Rand/or R.R clic peptides.havi. -am no aci.ds generally
have at | east one_%Qém%@%%inHe%Pot“h_ tcyf’léca%etptlggsen%?gIné’rﬂ’%ﬁ’agf h8mc‘%ai n.
Preferred (3opeRLiARS £ANI8d sibaicdMtively BaveQ sedidasd 6RfbR thiés tosatidlut _
mammal i an cells. I n one enbodinent, the cyclic (3-peptides of the invention

can have an temhameochobp-seduemids. $fuch Gramina asids azZvatahl@to grieyfskill z3) p
-(Z4)P -(Z5)P -(Z6)p.-(Z7)P -(Z8)p,-(Z9).p.-(Z10 -2..-2 -2 -(z -z -z -z
-Z -(Z 2&an in thg.2p. Bejgagino afvélﬁafbié‘i}ﬁ&&‘efsﬂl#&glﬁcﬂb%sf&y Qneltéw 1) p

VI 30 wherein; IS ) it : i f o, 7; each
Tz g, ByoSBETnBals® ARGy ShEOSEYS BRAUS Siar Rl

monosubst i t utcetibé mplvyad fachacontBuANONQZ LGARTD BeRidEs, YBORAad B120the 136 1. 009WOL

each 72, z4, 76, 78, Z10, 712, 714, 716, Z18, and Z20 is_separately a
di subst i t ut e@y¢le- Brnenfisleds hemoelrieel wRishbstiiuted B-asyinp peids smplayed etheas ™ a

hventi on tndPBPEYEN Sres iy PEbe PRl Medte TR R RREN  one ¢ ha
include 3§ effRktdo¥frRMRHALuAlioRprd &KL th&NRe cyclic B-peptide is homochiral.
. In other words, the B-amino acids of the cyclic B-peptides of the present

invention should be homochiral, i.e., the substituents at the a and/or  backbone

carbons should be all S and/or S,S, or all R and/or R,R. Cyclic peptides having

B-amino acids generally have at least one 3-amino acid with at least one polar

20  side chain. Preferred B-peptides cause substantially no undesirable lysis of
mammalian cells.
In one embodiment, the cyclic B-peptides of the invention can have an

amino acid sequence of formula VI:

25 |: (Zl)p '(ZZ)p '(ZS)p '(Z4)p '(ZS)p '(Zﬁ)p '(27)p '(ZS)p '(Z9)p '(Zlo)p :|
(Zzo)p'(zl 9);;'(21 8)p'(Zl 7)p'(Zl 6)p'(Zl S)p'(ZM)p’(Zl 3)p'(Z| Z)p'(zl l)p
VI
30 wherein:

each p is separately an integer ranging from O to 7;
each Z1,7Zs, Zs, Z7, Zg, Z11, Z13, Z15, Z17, and Zyg is separately a

monosubstituted -amino acid;

10



cyclic peptide, or two or nore different cyclic peptides, wherein these
cyclic peptide(s) have a sequence of fromthree to about ten honochiral
(3-am no woid®90505 or exanpl e, as provided by formula VI. Paa/uSoyessed on al so
provi des a mg#fp@ogwf treating a mcrobial infection in 10 humans and ot her
ani mal s, whi - ng’i’i ses contacting mcrobial cells with a cyclic peptide
conprising a sequence 6fchfZ£xhiloufs Lo Giradits SisxLsembhioddSRETdY 2 wherein

t he sequence has al ternating. -a--amng acids, in an anount
sufficient to induce mcr oblgéﬁ%scte dheagltnﬁg]\?\n&?h%lu i nduci ng an undesirable

amount  of mamal iR 08 tRkyBR B%@bdidedﬁame%&u@@opﬂsﬂqitﬁree&pﬁﬁdﬁe&ncan

alternatively have 15 a sequence of fromthree to about ten honochiral
(3-ami no aci temodiiealiprarainb iacids.f The meentpmauerfse alsoeottouplatesi dent i f yi ng
cyclic peptides selectively cytqtoxic to a.target cell-type conprising
screeni ng on'@hwaﬁﬁ?téfa{ W’&H%Eloﬁéaﬁ H’ég“dFéP e_fflﬁﬁﬁh 4"6‘?‘(‘%??%%?‘1“ Bath in
target cells yaifQutias REWes bPmoRd diﬁ%féﬁ%ﬁ&i%mbéﬁti&"s, WReeni th&d cgelid death in a
second cell type. Such cyclic peptides 20 may conprise, for exanple, an

al ternating Peptides)havaa seguanceadfiftbns thyesenaboatften hemogeral feaminaaddabout

si xteen am ng acids, Alternatively, such cyclic peptides nay have a
sequence of ff?rcﬁ’ﬁa‘cnﬁ}eeésPrBV&ﬁéh?ﬁ’%?‘)é/‘?Fl?lg chiral (3-amino acids. The

invention al so praykg@gnAolBkd prbvitfes hd@Ahdd of tRALIRY & libroBRIPtifelRn in
selectively cytotoxic to a target cell-type conprisi Qq%‘ai( a? maki ng a 25
1

conbi nat 0 i alhuimiabs @rdyotbér apjodls,covipelpconiprises phrgpesing mig yells withept i de in
the conbi nator.i al hidbrarly.corrgri ses a%rf al t?”?“g}% [1> e%qu L-0 a.éisn‘i no acid
sequence of BEHGRSBHIF SUPPTISIRE 4 BENGS; O (T0h ORI K 2P ORE XL AR %1% ¢ r eeni ng
cyclic pepti @@ereih fHeehltpcs RADIIRAGME Bl ahd Dloddriinb @tids, WG tah@anof cel | death
in target cells without induction of substantial or undesired cell death
in a second eefficienyiseindae naicrabialsell death wihgetindyaing & pressirale amaynthave a
sequence of fo'f&'é}ntnﬁ'e{lﬁfi of BuiRfkP U ad é\&ﬂ%&?ﬁ é)tiﬁés‘@iﬂz{i@n?a?ibglgz-ha@e. library
can be used t0 generate single cyclic Tpeptid or mxtures of cyclic

pept i des1s5M XtsefiRhcObf Gytlthiee RPEEHouERH HoRthisdl Paamibd A42s02/ 090503
PCT/ US02/ 14329 1361. 009WOL anti-m crobial activity can then be further

screened to i dent iTihg imveatior furtheepranides 2 meghasinfadenyifdog cydicgetifies pept i des
0 or O o8l G548 §rgl AR BB Syt hesizeo
i nducti on of cs¢lhsieptitiésafor Miduttivhesi eRdegthlih tagigachils witkows ésduedocef | type. 5
The invent] Ors]ugsltjarnttiglecr)r u%rdggliie(cjl%%ll%egtﬁtir? g(sjec%];ld Icgl?p};[plef ghcr:]hgc;c i%lpiel():ti e%pt | des
20  may comprise, for example, an alternating D- and L- a amino acid sequence of
between four and about sixteen amino acids. Alternatively, such cyclic peptides
may have a sequence of from three to about ten homochiral 3-amino acids.
The invention also provides a method of identifying cyclic peptides
selectively cytotoxic to a target cell-type comprising: (a) making a
25  combinatorial library of cyclic peptides, wherein each cyclic peptide in the
combinatorial library comprises an alternating D- and L- o0 amino acid sequence
of bet'ween four and about sixteen amino acids; and (b) screening cyclic peptides
from the combinatorial library for induction of cell death in target cells without
induction of substantial or undesired cell death in a second cell type.
30  Alternatively, such cyclic peptides may have a sequence of from three to about

ten homochiral B-amino acids. The library can be used to generate single cyclic

peptides or mixtures of cyclic peptides. Mixtures of cyclic peptides that show

11



selectively cytotoxic to a target cell-type. This nethod involves the step
of rationally designing at | east one cyclic peptide conprising an
alternatiwgooo@nsl L- a am no acid sequence of between f@am/iaodisext een
am no acids. 3@%&9970?6‘“ vely, such cyclic peptides may have a sequence of

y out” 10 ten honochiral éS- am no, aci ds, The nethod further

fromthree to 3 ] en
i nvol ves scr @Bimigrobiad Botivity ap algn Be fyeksrgaregned fodentify pre oROFAN nduct i on

of cell deat i%%gga?lﬁ/gas{iv&@clliﬁ ﬁé}’ic%g ?rf’&né S9HGL 0@ Ehe%i)ﬁ?&{j% LAREH @hn tREn

undesi red cel In a‘sec type. Rationally designing a cyclic
peptide can ibevslated oxdgnthebigedandate-tesebsior onmtuctierd éBodli deathandarget gelipt i de from

a conbinatorial |ibrary that. can. jnduce .cell . death in 15 tarqget cells

wi t hout i ndyé’flﬁ’@ugﬁlﬂg‘ftgﬂ‘hq éPb%?nt’&Lﬁre‘QdFﬂfF%ccép%_e%beﬁlﬁSF??ng_ng fd cell type
and exchaggi ng at HeastenfbE firtHePProdides ahtthdd sHilldRIrpRE cadidgepagéd in the
alternating D and L- a am no acid sequence of the effective C¥C| i c peptide

to gener at e selectatelpebtoyicde siteygeicelyixpe. clipepethed inicieesrthe ptemal | y desi gned
cyclic peptide can,then be screened.for ind i on of . L h jin target
cel I's without? %‘aﬁﬁaff%glﬁﬁg &Ry ghit f}éc!lwg?ptﬁ({r%:_ éﬁprn (egglgcaéll q%%lc—fleagﬂ gﬂl: Eng second
cel | type. AL fiatnb\iidkequeidé B Batwkdfonepid fegeimyidvanaisa sequence of from
three to about ten honochiral (3-amno acids. In these types of screening

met hods, t he Altergpsivelyesuchtoyplec peptideremay haveraisquensa@f fiom decedpgbew| | t ype
can be a mral | an

el for ex e, |ian 25 red bl ood, cell. Cell
death of ! hetesnel&%%"%ﬂ:ré‘ [F'afrﬁ}‘b%acé@sn% rﬂ%?%ﬁ%%?"ﬂ FRECFRYE sﬁltgpml ysi's of
red bl ood cellfonalih@eRRUC YIRS FPUitleS RN ifdEL OIS deNCdettien $&beQRIINg a third
cell type. Such screening can include determ ning whether a peptide

i nduces substvdtioutindoetionnfgubitantidl eruridegiessitagllideathne aspéand cgBtypet ype. The
met hod can al so ingl.ude 30 determni.ng the mnimum.i.nhibito 0se at which
a peptide can kil quatlgﬁﬁgt er‘ci{%n%ﬂgﬂ/cyﬁ,lf ?epé}d%icﬁ%f%lf) Vetlf%%nqb?no a%]?éa%fong he target
cell's. 12 WOMREBRTEBe Pptidesdad 4 dsmbinatbABILliNIHIMEL: ca6 iRRiRE BEll 8dth be
performed in vitro by separately contacting a peptide wth the target cell

type and i t iareetssHs withputipdueing subgtantiad ok wadpsgedeclt ¢gathying scgengkeell cel |
t b B . AL i ter
0P ast | ondisalenPEIESR IR GRulo RAL LA Relel Ml Aok AR 1 21 PCT DO

anot her cel | aftefnyfiz D atid/PES adiith sted sdqiieiend thdeffdreive thgdicarptidel® i s toxic
to the target cell type but does not have substantial or undesired
toxicity to &aoerhera redgnallygssigend eygheneptide. The rationally designed cyclic

peptide can then be screened for induction of cell death in target cells without

20  inducing substantial or undesired cell death in a second cell type. Alternatively,
such cyclic peptides may have a sequence of from three to about ten homochiral
B-amino acids.

In these types of screening methods, the target cell-type can be a microbe
and the second cell type can be a mammalian cell, for example, a mammalian

25  red blood cell. Cell death of the second cell type can be detected by detecting
hemolysis of red blood cells.

The above methods can further include screening a third cell type. Such
screening can include determining whether a peptide induces substantial or
undesired cell death in the third cell type. The method can also include

30 determining the minimum inhibitory dose at which a peptide can kill

substantially all, or inhibit the growth, of the target cells.
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Such a nethod can al so include determ ning whether the peptide adversely
affects the health of the aninmal. Determ ning whether the peptide adversely
af fects twe tapasoh of the animal can include exam ning thedroiob/y43ké ui ds or
the 10 anato ngg“;OQe ani mal by pat hol ogi cal or histol ogical nethods. The

i nvention further provi des a net hod of identifying cyclic peptides capable
of selective assoSCEENEHS o bp PeieImed iy Pinsegatatady oRIpEEIg BEPHAC o

sel ected cel b;aiihl ffiEer CRMHC HlMHCARLARN T 8L ULIAR PRV diferent i des,

each peptide conpriSing ween tour to apbout STxteen amno aclids in an

al ternati ng Bl Bpeandlternatiwaly,soreating caebeiperfamedrin aivp dgtadohenisteripg atsi ng fr om
three to ab‘OLIIt ten (3-am no acldsl, W th the tareget bi onol, ec Le(s and
det of i ni ng, 1545HOERMBIGI0 2 (FHANHRS CRErBBg e FIhbRAEBL AT Elnbl ¢ i nt o

a supranok eck‘%p%rorst%éé%héf 'Ei@terrhﬁﬁﬂ{% WEHEG the/SdpYid8 $5@%icab @ tkdehcdiNSpe
bi onol ecul e(s). The target bionol ecule can” be displayed, Tor exanple, on
t he surface bt dodsingt hayecebstansial onundgsiresiiok gy tofinaghe2@ell typsswypes.

Al ternativel the peptide,can.b nt act ed .wi.t h..t he t.ar get

bi orol ecul e( ch ?@@%8&158%01\‘1%@%@@%!Wﬁlﬁ eﬂg’[eé’reﬂilﬁ? %g'efﬁff@' structure of
the pepti degffelidtheRanh angRusInYalageemifng Whethbhde pupli@mivesslyar structure
that selectively associates wth the bionol ecul e(s). The present invention

al so provi degffaets Hsdwabih obthglanimal gan siclude sk amipingthe Dgdin Bpmiseuthiecal | y
effective,do for, t i ] | LRt | ith a cyclic peptide
havi ng a‘rraloamglﬁ%g%giogﬂéeeat[:]nfjﬁgl%f(:B«;sg‘é)/“?hd'al%’%}l é@%g? *Sﬁdglgég ﬁggrl\egﬂ?_é@a- amno acids, or a
cyclic peptide compeiistengoh figthet progiict @ naditud oftidentitPingyclic pptides t hat

i ncludes determning the mnimuminhi bitory concentrati op of the cyclic
peptide at wsARaple QSICHYE 2SaPFIGHAPOV I ORGPT IO taRgEs Biowiolseles 8B aThe present

i nvention al §91e&5&’¥élfi§ﬁ‘fa%e,fc% g@ingiceﬂtaemg% %]oﬁirmftql ANECHE pertRles e3fn the

present cyclic peptides w r nore other anti-m agents. 13
WO 02/ 090503 pPaideldsarribtigdtw deddduro aWhit sBuedn agian tasids chnuaéerpamgei | 11 n,
vanconycin, erythronycin and other therapeutic .agents. Mammals and birds
may be tdeat & B Lrn@mHRR #idseRRRCe: BhpBYtide GRRPrigaE dromb BaeciRdberhi ned

R R s N
and t he |i kewhBleEhePeptfisRpbithhddusYHesebBRESa supramolecular structure
that selectively associates with the biomolecule(s). The target biomolecule can
be displayed, for example, on the surface of a living cell or on the surface of a
20  liposome. Alternatively, the peptide can be contacted with the target
biomolecule(s). The method can further include determining the structure of the
peptides that spontaneously assemble into the supramolecular structure that |
selectively associates with the biomolecule(s).
The present invention also provides methods of evaluating or confirming
25  therapeutically effective dosages for treating a microbial infection with a cyclic
peptide having an amino acid sequence of alternating D- and L-a-amino acids, or
a cyclic peptide comprising from three to about ten $-amino acids, that includes
determining the minimum inhibitory concentration of the cyclic peptide at which
substantially no bacteria grow in vitro.
30 The present invention also provides a composition comprising one or

more of the present cyclic peptides with one or more other anti-microbial agents.
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Figure 1 provides a schematic drawing of the self-assenbly of the present
10 cyclic peptides into nanotubules. An eight-residue cyclic D, L-a-peptide
with al twomandesgs D- and L-anmi no acids is depicted to thePcafsp2/wisth
enphasi s on i1§6§ J9%§ ri ng-shaped conformation. Side chains (R) decorate
the outside surtace of the cyclic peptide. Upon s_elf-assenbl%/ﬁ a series of
cyclic pepti d8sh agsnginglyde percillge VARGPEN 1y CRYHRTEIY SN ARd OthAE (REEIRERHC hy dr ogen
bonding to f%géﬂté‘ tubul ar structure 15 referred to herein as a nanotube
(center). Self-assenbly is believed to be directed by inter-subunit
backbone- backbone Miammalyend bodsinay be ésated by ghd methodBandstvagtositioke open- ended
hol | ow tubul ar supranpl ecul ar strycture. This (.3-sheet |ike hydrogen

bondi ng pat t gF?‘Fr’iggé é‘ﬁr’rfg&hm?eél Ay &ﬂiﬁna‘?ﬂ{}}?ﬁcﬁ%ﬂl cén@gc}e @%S’c%oﬁ’ns are

om tted. 20 Bhguifd 18eblobk $bf Safipld, hsrsesz@mepéheeﬁrggg@p@ia&m&mgm that are
accessible to peptide supranol ecular structures. pendi ng on the

conposi tion anththeddguence of ami no acids enployed in the cyclic peptides,
supranol ecul ar structures that nmay be formed can interact with the
menbranes of cells through, for exanple, supranolecular assenbly of (a)
pores, (b) bBREIF PESCRIFIMON OFEFHEFIGARRES) carpet-|i ke nodes of action.
Cyclic peptides are deﬁ)i cted as ring structures. Figure 3 %gaphi cally
illustrates the rdtiguref prendesafeheasin davmgqfshe saif-assemblytofde pgsedlis (ATCC
25923) upgn SUr (0} i t wde: pEQ (J0RE ! s), cyclic
pept 1 de S PR Rab pEhbipRRE) Ak HERARATER: DlRIRRICIETY & 56
(open squar egjternbimdbp-adiel [dapinoakcidzad depictedi® the hift, sithceniphatisen38 flabange i n
the fluorescence ,em ssign intensity af fhe nenbrane potential- sensitive
dye di SC3. TH@gshapadpon @ﬁafh@w{w dagaraipshe PrIS SF Gt B ssi on
wavel engt h (kmhidasi8d OUBS sdTEREABS,, ¥e&ifes 3EEGdicHeplides alighilad ard 14 WO

031 600805 pCiT HiRPHaLO PR sTERSLAER, M8 Suotgtqltc?fgﬁ SR o obtai n
vi abl e bact ebeheveddmusdergminddrinobmslas hpdropenlxindmg toFoan f thlailarstiuctuicon i n
viability_upon.th ddi.ti on of the peptides was . observed.. Figure 4

pr ovi des)[gl plrgff’”_ ‘fmta}f?éelﬁﬁf)ﬁr“@?ﬁmlber@%ggbt gﬁﬁ?ﬁsc?mqu Eﬁbﬁﬁﬂedéﬁ)beand t he

car boxyf | uor Gﬁ@&b@bg{_ﬁ{t&asiﬁuﬁﬁ:bﬁﬂ@bgnémckm ARz dibonaRigirdeultaEQnlap-NO 11 5
(cyclo-[A n-D-Lys-(Trp-D-Leu)2-Trp-D-Lys-]), as expressed in fractional

f I uor escence shéeilfe spersendetl haBow dwbwarrspramedecpiag irectuts, Tihiel-ghgst like was
:ggﬁ? ggo ag@g@wﬁgﬁ) bgr?cﬁggngaﬁfemaﬂdshg@g téj &‘,%?{gﬂF nlt:ortcrlﬁr}tg nmo>s§t_ 5?189 s aa}g ded at

omitted.

20 Figure 2 illustrates the modes of membrane permeation that are
accessible to peptide supramolecular structures. Depending on the composition
and sequence of amino acids employed in the cyclic peptides, supramolecular
structures that may be formed can interact with the membranes of cells through,
for example, supramolecular assembly of (a) pores, (b) barrel stave structures, or

25  (c) carpet-like modes of action. Cyclic peptides are depicted as ring structures.

Figure 3 graphically illustrates the rate of membrane depolarization of
intact S. aureus (ATCC 25923) upon exposure to cyclic peptide SEQ ID NO:8
(open circles), cyclic peptide SEQ ID NO:18 (open triangles), and cyclic peptide
SEQ ID NO:26 (open squares). Membrane depolarization was monitored by the

30 change in the fluorescence emission intensity of the membrane potential-

sensitive dye diSC3. The excitation wavelength (Ax) was 622 nm and the

emission wavelength (Aem) was 670 nm. Peptides were added at t = 1 min and
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Figure 5 provides an attenuated total reflectance (ATR) infrared (IR} 10
spectra for analyzing the orientation of peptide SEQ ID NO 11

(cycl o- [ -wom2D905hys- ( Tr p- D- Leu) 2- Trp- D-Lys-] in DVPC nul t ipkiThiassyei4s29 The
solid trace 15&?9&99\)‘31% absor bance of parallel-polarized Iight; the dashed
trace provides ~absorbance of perpendicul ar-polarized |jght. Ff gure 6

provi des a d@beuas taken atlT ¢ &t pltpingfizhie baqieny “f?umsvénéile?@ééS/ %éfta 15 three
cyclic pepti I 401 i : i survi val
rate of m ceq?ﬁ%ﬁg%@aﬁé@ tﬁL‘glf%el? a osez'g&agt o%th%%%ﬁ%ﬁ%ﬂg?%?&?ﬁt

St aphyl ococcus amigus 4ipsovddesreaplpoe thy appapant pedoraatspert Bigargetadfind he cyclic

peptide is increased., Three different cli.c tid r ted: (a)
pept i de SEQ IS N%’%‘Q’_ﬂ(lﬁ%ﬁem_ %asﬁgﬁ%‘)e,“%}({B}edt?é‘gﬁ?yd%epgéb\g%BWﬁ?PD50:62
19/ ko), a3d (EIQE0lLB RATHED-LENOIADURRSN=K R pf Lk B8R S Lhe
protective dose wnere 50% of aninals survive. Figure 7 provides a
structural cdhoems¢ensa chingss ps afmicbentime. Eor bigurer4bs theepeppde w@s added@) cyclic
(3-tetrapeptides,,.and C i¢c. D L-a-0 fi . i f\hgur e
illustrates t lft,lOgL?gcosigg’tar?éq%en'lg%?rg%%tttﬁtgﬁg%ﬁ§§%gﬁgg(?%in%%?uttzﬁg pol ar 25
backbone am decopd@ups, cyclic O-tetrapeptide supranol ecul ar structures may

possess a nacrodi pol e nonent rem ni scent of an a-helix, while cyclic D, L-a
- octapeptide supFagHspéPupadesanraiienyatedtol reflectanae AR IBId Wkt ances, .not

have su a i - . . i1 t chaj enomtted
fromt heqanaﬁg%ﬁrggbgﬁa&ﬁ%g toélglglg{%?lg%ﬁfehh%? ggréem%@glnld&%ﬁ%é%& Igure 8a
provi des a " tliys®Tki-DFHLaw),-Trr-Delys-] inBMPEtrhulgbiliyers URtieesolidftracsur vi vi ng S.
aureus (MRSA, ATCC 33591) in log cfu/m as.a function of tine after
exposure to GRECEES & SRR Qﬁaawg’eﬁ-aéj@? 14; th it ek PV itEns . 15 w0
02/ 090503 P 0 o[l KHLWLW (cl osed circles),
cycl of KRKV\L\%LEB\/\% Eﬁcgggg%ﬁﬁﬁg?ﬁg?%dq%%l o[ KBRALWLW (open squares),
wher e t he under | i figige 6pddodesesdastaticttvarveattusimtiagitie insia Efiaadyrnd aci d.
Figure 8h_provides a "tjme-kill.ing curve" illustrating, the nunber of 5
Survi vi ndSE. TF ErelRmsalfas aniim Prog AL Femapinds” AS AN Un S PURVAL af ¢ o
exposure toraBef fficd dHallbkdcd Wit tHaL@dseEleEmathidilia-rMiStafONEFMISBEHRN:

cycl ol KRRWLW.W (closed triangles), cycl o KORALWW (closed circles),
cycl o] KHLW. Weutass asdéamaticallydsipreied @y dheajoragomfithe ¢xnbiepepiidris éecrcasghher e

Three different cyclic peptides were tested: (a) peptide SEQ ID NO:18 (PDsq

=5+2 mg/kg), (b) peptide SEQ ID NO:17 (PD5(=6+2 mg/kg), and (c) peptide
20 SEQID NO:26 (PD5(p=10+2 mg/kg). PDS50 is the protective dose where 50%

of animals survive.

Figure 7 provides a structural comparison of supramolecular structures
composed of: (a) cyclic B-tetrapeptides, and (b) cyclic D, L-a-octapeptides. This
figure illustrates that, due to the unidirectional arrangement of the polar

25  backbone amide groups, cyclic B-tetrapeptide supramolecular structures may
possess a macrodipole moment reminiscent of an a-helix, while cyclic D, L-o -
octapeptide supramolecular structures will, under most circumstances, not have
such a net dipole moment. For clarity most side chains are omitted from the
nanotube structures depicted in Figure 7a and 7b.

30 Figure 8a provides a “time-killing curve” illustrating the number of
surviving S. aureus (MRSA, ATCC 33591) in log cfu/ml as a function of time

after exposure to one of the following peptides at MIC concentrations:
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the underlining indicates that the amno acid is a D-amno acid. 10 Figure
9 provides a "tine-killing curve" illustrating the nunber of surviving S.
aur eus ( MRBAR/09XILCC 33592) (1 og cfu/m) as a function of tipaE/USat/A4SR9
exposure to th6? (ﬁ%%l o[ KSKWW.W peptide at 37 C, where the wunderlining

i ndi cates thdt® {Re %amino acid is a D-amino acid. The effects of several

concent r at i 085clofKHEWINE (dosedrirgipevpyPelEREWLINLYH(alossddriapglesass 15 are
oo et L . e i oy b o f
survivi ng 8 SiPUEQRWIRES I (ehbiFipbles) it e RediplndIhd Bt ol € TLTDST O

after exposurmind adihés cyahohd<GHILW. W peptide at roomtenperature, where
the underlining indicates that the amno acig.js a D-amno acid. The
effects of 20 seveéiire EBREVIAS At 1 g(rrlhigngtcl"}évewmsé‘[akmbebggti de on
separate sul L fing B ESINING (G fogldrumfioNiadBfotf drkiffe deick bgutur ve”
illust rat?ngtst e rrll%%bgor fg\]@ s{Jr vgi;vi ng Enet ergcocuigpaecltzli um §P l%t%u(cf u/m)
as a functi ono ofie ¢f the falfaveng peptjles atrtbe MICt dopcenpakiopKSKW.W.W pepti de at 37

C, wh th derlj ni i ndi cates, that .t j i d i i
feid .t aech Rk B (e B Rieh L S RS RRFlg s Py
resistant to cwgﬁm&% AGNCa k@shres) BE EWI@{K_{I%EWLWF(Q@EIE SifagesPiwiggy er al

concentrationS of the cycl o[ KSKALW.W peptide on separate cultures are
shown. Fi gur ¢helundsrlinmglimdicates thatthelaning aggddsia Peming peidt r at i ng t he nunber of

30 surviyjing Eneterocogusfaeci um _SP, f Ul . a fu i of time after
exposur eY{)o t he c?éﬁuéf%m rtq;%eﬁ @?Peg(cgjp%r ?}1&2&%@“ g%ea uEIIrlbee?%\gmere t he

under | i ni ng isREiviag 8Salrbat (MRSARMATOC3G59R)(16g afulindras AduAction.of Emd aeci um SP
180 is 16 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WOL vanconyci n resi st ant
(vanA) and mafter gippsyre e BeanelofleSKMIMNVEW Inpntidp#rovéd Whers thei ot i cs. The

effects of seueraly conaenty Akl ans. ol LheoHebal KSR ccopnlg de on

¥ L, = n
separate cul t glire 13" provi des a i ng curve

i |1 ustrating sthgalteiiraf@dnsoof3he Mickd[KEKSV LWL W peritM MB3DA) sepAdieCultures
33592) (cfu/m) as a function of tine after exposure to the cycl o] RRRWLW.W
peptide &% 3arcchoWHere the underlining indicates that the amino acid is a

E‘egm gg g‘r’]i gépl?: ngéJCrgﬁ) ggogfgdegg\éﬁﬁ%l-killﬁl%rlﬁmt’ril%gtl%ﬂﬁg He dulifbeF ¥E! Of RRWLWW
surviving S. aureus (MRSA) (ATCC 33592)(log cfu/ml) as a function of time
after exposure of the cyclo[KSKWLWLW] peptide at room temperature, where
the underlining indicates that the amino acid is a D-amino acid. The effects of

20  several concentrations of the cyclo[KSKWLWLW] peptide on separate cultures
are shown.

Figure 11 provides a “time-killing curve” illustrating the number of
surviving Eneterococus faecium SP180 (cfu/ml) as a function of time after
exposure to the cyclo[KSKWLWLW] peptide at 37 °C, where the underlining

25  indicates that the amino acid is a D-amino acid. E. faecium SP180 is
vancomycin resistant (vanA) and multiply resistant to several FDA approved
antibiotics. The effects of several concentrations of the cyclo[ KSKWLWLW]
peptide on separate cultures are shown.

Figure 12 provides a “time-killing curve” illustrating the number of

30  surviving Eneterococus faecium SP180 (cfu/ml) as a function of time after
exposure to the cyclofKSKWLWLW] peptide at room temperature, where the

underlining indicates that the amino acid is a D-amino acid. E. faecium SP180 is
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shown. 10 Figure 14 provides a "tine killing curve" illustrating the nunber
of surviving S. aureus (MRSA) (ATCC 33592)(cfu/m) as a function of tine
after exyoneosvd the cycl ol RRKWLW.W peptide at room t emoar@oen4s29 wher e
the wunderlining indicates that the amno acid is a D amino acid. The
effects of d& ‘Pﬁvlmcon_centrati ons of the cycl o{ RRKWLW. W peptide on
separat e cul tvaresnycirsresisenstyend) ard gultiplnwsistaptiodeyeral FRARPPIOVEL i ng cur ve"

b a2t Lot 19 ah 0P e oot Wt REn ERRLELATIGHS {@mg Wil (cf u/ )

as a functiof'0 éxposure p@p ide at 37
C, where the pgpit®sdr @pﬁlgteduﬂldtssate&ﬂlotvlnat the anmino acid is a D-anino acid.
E. faecium Slg 180 i.s 20_vanconycjn ref| st ant ( anA). and nul ti %y resi st ant
to several FDA appi@¥ed3 PEvEdasiaotimesk lhﬂg§ué‘fefé ysdra ngwréherg ncentrations

of the cyg 'Okwg{s\ﬂmﬁe@gmg) PATEER3sEhREA) W SRurlin SPAMEandl gur e 16

provides a "t Iin ustrating the nunmber of  surviving

Enet eroc OcusfeaﬁcﬁsuwWOSRé.Sﬁblcﬁ [RIRKWILW B ] peftidectt B@ r‘ICof;vhtnerrbe afdedlini?® exposur e
to the cycl o[RRKV\LV\L peptide. at roomtenper where the underlining
i ndi cat es t hag 1?44%5 thaf th%a@&odaci‘%lsé QD@IQ}ﬁor?t’ildacT %"?Sz&f@FW ISp180 i's

vanconycin rg Bh& eg:%o&vd%@l@cﬁngeramwﬂw St WRlsch R RURERL aI%DA appr oved

anti biotics. ects of conce ratl ons of the cycl o] RRKWLW.W
peptide on sepewmte cultures are shown. 30 Figure 17 provides a

R Al R R
PCT/ US02/ 14328ik36 3 HHVAMRSAY (SAT‘@C%@%)&?@/% 1§ & PRACESR bf tim&afiér 37 C. The
effects of several concentrations penl cil on separate cultures are

shown. Fi gur exfigsupy ovthelexle{ RRK Wi VKL W] rpnlglctqnt veom ji¢nhpesatiee; whgretth@ nunber of

. f f
Sl | 5 "o ud e (DR Ve ak TR deld Sl Ao Ridl, THOGRARLO LLTe Atter

several — CONgeyHrildboh@sratbnsREMhEtydld[RRE WD WEEWa hahtaledH de ﬁl@ﬁ: caltgres hown.
Figure 19 provides a "tine-killing curve" illustrating the nunber of

survi vi ngS En@tefe¥d@eusf aeci um SP 180 (cfu/nm) as a function of time after
cells were eXpOSwg‘}rglgﬁpdv%ésl 2l finf2 8t 11n§7cug'e”'§ﬂusftﬁﬁﬁé WE meniidPof S vanconycin

surviving Eneterococus faecium SP180 (cfu/ml) as a function of time after
exposure to the cyclofRRKWLWLW] peptide at 37 °C, where the underlining
indicates that the amino acid is a D-amino acid. E. faecium SP180 is

20  vancomycin resistant (vanA) and multiply resistant to several FDA approved
antibiotics. The effects of several concentrations of the cycloflRRKWLWLW]
peptide on separate cultures are shown.

Figure 16 provides a “time-killing curve” illustrating the number of

surviving Eneterococus faecium SP180 (cfu/ml) as a function of time after

25  exposure to the cyclo)f RRKWLWLW] peptide at room temperature, where the
underlining indicates that the amino acid is a D-amino acid. E. faecium SP180 is
vancomycin resistant (vanA) and multiply resistant to several FDA approved
antibiotics. The effects of several concentrations of the cyclofRRKWLWLW]
peptide on separate cultures are shown.

30 Figure 17 provides a “time-killing curve” illustrating the number of

surviving S. aureus (MRSA) (ATCC 33592)(cfu/ml) as a function of time after
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10 resistant (vanA) and nultiply resistant to several FDA approved
antibiotics. The effects of several concentrations penicillin G on

separ at e woloewos@sss are shown. Figure 20 provides a "time- IPCTIUSo 14309 ve"
illustrating 15{}30 qber of surviving Eneterococusfaeci um SP180 (cfu/m) as
a function of e after cells were exposed to penicillin at room

t enper at ur e. cglls Werscixppsedio pewcillin @st Yareompe eHerteof savaiel (vanA) and

1B e ot ARk RSPt WRhBL) o5, T €1 et of

OW.
sever al S epara dhltures are shown.

Figure 21 provi de$1%\1r€:f]8 r&&@éslaomln‘&i mtrrgwnnra”cinmﬁqagthermgﬁ)eebf untreat ed
S. aureus (ATCC 259 di s&@gg a nornmal intact nenbrane, 20 F| gure 22
provi des a t §hFYigBE S| @ﬁe@l MG?@%%@@WM@E‘S %)funstwlaaf@aga ¢TATCC

25923) af ger EHERTHR sgéd%ég/b&cfﬂﬂ{'é%wo% ;e%epjurl;gb@r'rhg%g&g\é \C?%ral for 2 h.

The i mage™ provi des PECt ‘WFSUal 1 zatl on o action.
Arrows denot eoﬁ&uﬁcratmis ofpehiclbe Gsdir septrateasiltoprs sieshoywnt he peptide -action.

25 Figure 23 provides a thin sectio | ectron .y croscopy | e.of S. aureus
( ATCC 25923) afteﬁl@%ﬁégaf%“% az%ﬁﬂ%‘@&%&é‘ﬁ‘fer d{ﬂl%ﬁtleg %SRV\LV\LV\] for

2 h. The 'm%ﬁwwlﬂ%m%{%& eafmls@hw?éfa/an 85 a FhBL OO AD St meAs of

action. Arrows denote abnor menbr ane structures caused by the peptide
action. 30 Fivgue ex;ibﬁedtoIpmidllahhé};alt?ﬂe°CbrE)tfeemmm¢SPé8® ectapcahydihe present

A e A B e 1
infection (rigRtsfdQkrdtod@nRifR/ peHeRPBGR cgr!e # A3 arelsh®dn009VOL

bacteria in 5 % nucin and peptide i nj ection (1P left side) 45-60 m n post
i nfection. Survivdigwag0 mlcﬂqsrae‘ﬁﬁnwlgtllrMUWSIM&ﬂl@angtmumbeenﬂ poi nt ) ;

eight mce were t he m ect ed

Wi '? h varying S“‘&Yb‘ﬁe%ﬁ%’?‘é’f"%8ﬁ§f@?"”é’g}§?éFMWW"“?W e|vla erf&ﬁé the mice
were 5 injectyde WidRed & pEnRGIIIGANERA fetipeifsre OF. faveiunl SEIRALYL W HCI . Fi gure
25 illustrates the protective effects of the present g%lsllc pepti des on

survi val 16f rvieeenysiretesistnifvanAsanduukipdy msmn( inTereraBEDA)appmyed nouse
peritoniti ;ani‘g)fi@otlcs STHE e%fl c%@" f@e\gz%l C%Hceentrat?&esaqflge{f cﬁﬁﬁ 019 g é:{éﬁdﬁ%ht side) of

bacteria Auci nana I'njec 60 m n post
infection. cultures are shown.

Figure 21 provides a thin section electron microscopy image of untreated
S. aureus (ATCC 25923) displaying a normal intact membrane.

20 Figure 22 provides a thin section electron microscopy image of S. aureus
(ATCC 25923) after exposure to 2XMIC concentration of cyclofKSKWLWLW]
for 2 h. The image provides direct visualization of the membrane mode of
action. Arrows denote abnormal membrane structures caused by the peptide
action.

25 Figure 23 provides a thin section electron microscopy iniage of S. aureus
(ATCC 25923) after exposure to 2xMIC concentration of cyclo[ KSKWLWLW]
for 2 h. The image provides direct visualization of the membrane mode of
action. Arrows denote abnormal membrane structures caused by the peptide
action.

30 Figure 24 illustrates the protective effects of the present cyclic peptides
on survival of mice lethally infected with S. aureus MRSA (ATCC 33591). The

mouse peritonitis model was used with intraperitoneal infection (right side) of
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10 Survival was nonitored over 14 days (death as an end point); eight mce
were tested per dose. In Figure 25a, the mce were injected with varying
concent r awoan®9@h3 cycl of KSKWLW.W HCl . I n Figure 25b, the mcaarSasn4s29
injected wt q 6\{%9w0rllg concentrations of cycl ol KKKWLW.W HCl. Figure 26
illustrates t%e’ protective effects of the present cyclic.peptides 15 on
survival of MFReteria i ¥ mucipjand peptidgipiseiiomiBsleft ig@ 3d5min POSthe nouse
peritonitis i iy K} i i i si de) of
Pacteria i n o A A hbhidhtd GRETL Rt i cheBolh) B0 = D) Ot
i nfection. Sufivé wate tasted pandosar xdFigwe244,4helaye Weteanjhctad wath verydngoi nt ) ;

eight mce were tested per 1 e injected with varying
concent r at i ofSnEsNtradonsyE ICM‘EIRMMMUﬁhﬁ?W #ﬁ’uglerl_ﬁltcgé"f “The protective
effects of th _ea[e@mtvap%qé &&Cg’ﬂ%\‘}%ﬁ%?%b%% v wiHo.ce infected with

RAV
vancomycin resistant E. ‘faecium ( ) 575). The nouse peritonitis
nmodel was used wi tRigure A8 ilbystaics Sreaadtettnfecttectsef the pragent £idic peptidesct eria i n

5 % rmuci n and_pepti de .25 i.njecti o | P | ef i 5 i i nfection.
Suruivel oo OpBRT A SE TRt R i § S VRS AR, e Ehed N oCLL
were tested pefitodQitmodel wak dsddevidl ibtrabdiondil Gfectidhgriphy i) @ bavtérdn varyi ng
concentrations of cycl o[ RRKWWWHCI. In Figure 27b, the mce were

i nj ected wit hn & ywusip admepide @idcias (I8flef sidebt kE&kmimpoytigdection3so Fi gure 28

L1 st tge SIRgPRShEGAR R 1480 (R RSPt NG Lo RRL RS on
peritonitis nael pendsscudadinire R4, e mjpewdroimeated witkehdyary (ri ght side) of
bacteria in 5 % mucin and peptide m&@g@ on é,IP | eft side) 45-60 min post
i nfection. 1§oWENEoNeH®SesclpdsyIddIY L I IsBipuspRo e SRICE VPR was

moni tored OV%‘i'eéltg%%ﬁ?ﬁé@xﬁ?&&h@ﬁtﬂﬁp?&%}gm&mwt% - were tested per

dose. In Figure ce were | njected subcitaneously (upper neck
conpartment) wi t h Figry 26 glustonatee titerpmotiecns affectsyof o] rREYGAL bYolikigeptidesI n Fi gur e

cycl of RRKALVEAPHG 8 BLRtGeBsBeeet ot et R SACATEL B3 ekl ™ Frve.
doses at the ybAfnGALREIWak dsAUAM inkiaf&itWRla irdetHoni(8 bR &k) opbiaumanousl y 8-
12 h apart. IEI gure 29 illustrates the toxici tX of peptides adm nistered via
in 5 % mucin and peptide injection (IP left side) 45-60 min post infection.
Survival was monitored over 14 days (death as an end point); eight mice were
tested per dose. The mice were injected with varying concentrations of
20  cyclo[ KKLWLW]HCI.
Figure 27 illustrates the protective effects of the present cyclic peptides
on survival of mice infected with vancomycin resistant E. faecium
(VREF)(ATCC 51575). The mouse peritonitis model was used with
intraperitoneal infection (right side) of bacteria in 5 % mucin and peptide
25  injection (IP left side) 45-60 min post infection. Survival was monitored over 14
days (death as an end point); eight mice were tested per dose. In Figure 27a, the
mice were injected with varying concentrations of cyclo[RRKWLWLW]JHCI. In
Figure 27b, the mice were injected with varying concentrations of
cyclo[KSKWLWLW]HCIL
30 Figure 28 illustrates the protective effects of the present cyclic peptides
on survival of mice infected with S. aureus MRSA (ATCC 33591). The mouse
peritonitis model was used with intraperitoneal infection (right side) of bacteria
in 5 % mucin and peptide injection (IP left side) 45-60 min post infection.
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intraperitoneal route. In Figure 29a, the mce were injected with varying
10 concentrations of cycl of] RRKWW.WHCI. In Figure 29b, the mce were

i nj ect ed wotok/0v@PYi ng concentrations of cycl o] KQRALW.W HCIPCTMSoB 14829 €

noni t or ed over  a Rg)rli od of 14 days for activity and nortality. Four mce
per dose were 'uge in each experinent. Figure 30 illustrates the toxicity
of peptides AdnviMalovasmeeniipred ovsr 1 hdpysideath anamend pring; foppmEsegyste 30a, the

T e op, BT LD 5D Tse RNGRIMAL LORRPlurEYEhOLESI A HOL - 1

Figure 30b, t e wWere w th varying concentrations of
cycl o] KKLW.VInkklt corvbareneanty eith mayirtganeacentragonseofipgeiofRIRKWILW LVRJHCI or

activity and rtality. Four mce.per . dose re.ysed .in each experinent.
20 DETAI LED BEGEHFPHIGaRicr Ty : eI BEBRETY NG RGBT IS i des

smal | cyckic &%?élbﬁﬁﬁ(mﬁbygmmhgg@r& dobdi3hdidated kleVforBAEhSAjeaidn. Vel y Ki | |

m crobes w thout substantial “or sired toxicity toward manmalian cells.
The present iFivediseoat thewodisdted gkt qeantipep vierkesiministérgshiairaraneusly 8al

conposi tions E%n%ri sing cyclic peptides, with 25 either a sequence of

al ternating [5, R L- a- ami no acids, or a sequence of 0- am no acids, that

can sanpl e flat, rHdifnge39aRRHaeoHeabkity ONSeptidecdiniinitgrahaped conformati ons
project the am no acid side chains of the cyclic ég(gti des away fromthe

center of théntrapegtonael rovteckntFigire 284 the miveckere my eepp Wik vaatieg y
per pendi ¢yl ar h I I u i i d that under
30 condi g |Hons? © e&hﬁ%@é’%ﬁ?ﬁ@g@ﬁ’%’g%\{]ﬁfg' gjg{%ﬁgesﬁsq’ H% r@ﬁgz\&%\l&;har ge

neut ual i zat i Gfjectbdnvdtigianying esmeiitridas vf ¢ylof KIQR WEMIL WNHCE.ONGEd werent s and/ or
contact with low dielectric constant environnents of cell penbranes, the
cyclic pepti dexitopgd aver # periedseinkd days ffor acHyiby asl Bty KW B¥&Rhondi ng to

f orm supr anol / PCT/ US02/ 14329 1361. 009WOL structures.
RE Bl R %ﬁ%agﬁ SHCUAE

Cyclic pepti Si np contain one or nore D-amino acids do not adopt
a flat ring-shape&igoadoilimstraes thertdxidioy nbpephideeadnneiskaedkhiane conf ormati on
needed fir sel f-asse 0 [ eptide.i.nto sutﬁr anmol ecul ar

I f_the cycl
structurés. THFENIRe ﬁ%ﬁpaﬂnl‘gglgg?f}ﬁg’l ¢ WEE IRFted MY P& ent cyclic

peptides 5 arc%n&fnfrﬁﬁ&ﬂs;bﬁC%QEIWWLVH%L EgHel 0B, aRYmiet wate cel |

organi smor parasite at has a celTul'ar nenbrane and that can infect a

mammal . For exjastpd withtvarygeg coneensrasionadf o KKAVELWAEIGIddibawesr i a, fungi,
hel m nt hs, prrr?gncl)t%(r)e oS Is)érios (gtalI 4n£ays for activity and mortality. Four mice per
dose were used in each experiment.
20 DETAILED DESCRIPTION OF THE INVENTION
The present invention provides small cyclic peptides and compositions
that quickly and selectively kill microbes without substantial or undesired
toxicity toward mammalian cells. The present invention includes cyclic
peptides, and pharmaceutical compositions comprising cyclic peptides, with
25  either a sequence of alternating D-, and L-a~amino acids, or a sequence of -
amino acids, that can sample flat, ring-shaped conformations. Such ring-shaped
conformations project the amino acid side chains of the cyclic peptides away
from the center of the ring and orient the amide backbone approximately
perpendicular to the plane of the ring structure. It is believed that under
30  conditions that favor hydrogen bonding, such as side chain charge neutualization
through interactions with cell membrane constituents and/or contact with low
dielectric constant environments of cell membranes, the cyclic peptides can self-

assemble via intermolecular hydrogen bonding to form supramolecular
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and other single cell organisns. Cyclic peptides of the invention have been
found to be active against both gramnegative and gram positive bacteria.
10 Snal | wWofee@p@nges i n environnent, for exanple, the diffremarsoz14329
conposi tion E:I6190i9{\’]:)?r ent cellul ar nenbranes, can influence the course and
nature of the proposed assenbly process. This feature is used in the
present i nveRtrRewes hEyeliarepHidesfBet SHRBLYICONEH PTHE Fenens ®-HAIP-35{ds d8bi al
activity of yelj i agal i i crobi al speci es,
whi 16 provi d SR A g R BB ah b ook s b i i by i
manmmal i an cekbisfoahatidnateapeifior saf-hysembiyarfithe eyclid psptsdeninth shpsanalegilarens.

Supr anol ecul ar structures are helieved to.res their

ond to .i gi ate
envi ronnent BEPQHGH dirsshmicreupliorsAnl e AgaHsH WB?ESEE%H”SF‘?%@YCI’ﬁrpggE Ses to
qui ckly find lNgrned inch@e %%B@S{W&ﬁldn?g ilﬁllvs%gﬁg cAP&ahish- orlplardsie el i eved

that, during assenbly, peptide supranolecular structures sense and 20
respond to t tetbava cadiuarmenfraze ol thatlcan infectirmaramayy Berrephinply, tasgdt ous

t opol ogi cal |l y .re]l ated assenblies. |n non-target,manmalian ranes at -

t her apeut i ca_ﬁ‘?"h’@i Preapises 6%%‘&‘%313???%@3,@’ ﬁ?l%lgthﬁér?t(%%ad y?%gg?%lﬁse preferred
cyclic pept La@sthef sihfle ckilbaiahiseR. d9chOpeptides SRS InRHAOH have been _

t hernodynam cal |l y favorabl e  supranol ecul ar structure. Thus, manmalian

menbr anes  ar éoundito babetiverazains! Yot erapEnegtiss prdBIa-pesidva kagtasip. t he presence
of such E%C lic peg)t :agedéfferlégg%\éxf Envifé)gﬁn}egf Lf&%x%%gi@, ﬁ{eodqffgjengga{ﬁb ranes the

pr esent clic pe es are rev orm unrque energetically

favorabl e supsapedigenidfdiffetehtics lulae snentitrined gsihdhilhdnze tHeecogrse ant yistje
perneabl i ze and/ or depol arize the m ¢rohial nmenbrane, thereby djsrupting
mi crobi al t r 2hteerenRospdassemblyiaoesse o T s depturg isgsed i thepiepent MEentipN; g

funct Tons, 3080 ULCkbte baadl 09 BuThikORLELeiFR) by 45ay o STEl | changes in

am no acid sequence”o Cc peptide can I'nto | arge
di f f erences atptides agaipstpanicalznhacrobial glecied,hvisle prheadgessubstantidlly ot r uct ur e of

a cyclic peptide may constrajin peptide interactjon.and |im.¢t WO
021 5905045 PCIF UL LA SaTes S eV HBAGE Gilsal Hetprutiat s lFeive
structures tQoRRALhi AAtginfink Us@iramBlERhianN&suchitad arcHRN&/ RS tspbhPlo Menbr ane
constituents, nenbrane partitioning propertiies, uptake properties, and the

| i ke. Anot hetheiatrediate entitrempntteonghgsynaimistirssimiglingépisasskmbingr anol ecul ar
5 structures is beljeved,t t he potential .f iven cyeclic.peptide to
form a nuanFOCSsteiltoa%l{lg?%glﬁgﬁ?ecm%% Wﬂgy%agg%% ‘i%ggr.e ??'Isleg%&' o%é% y stens
fromthe believed that, during assembly, peptide supramolecular structures sense and
20  respond to the environment of a cellular membrane by sampling various
topologically related assemblies. In non-target mammalian membranes at
therapeutically desirable concentrations, it is believed that the preferred cyclic
peptides of the invention do not or cannot adopt a thermodynamically favorable
supramolecular structure. Thus, mammalian membranes are not substantially or
25  undesirably affected by the presence of such cyclic peptides. However, in
selected microbial membranes the present cyclic peptides are believed to form
unique energetically favorable supramolecular structures that destabilize (e.g.,
lyse), permeablize and/or depolarize the microbial membrane, thereby disrupting
microbial transmembrane ion and electrical gradients and other vital functions,
30  and quickly leading to microbial cell death.
Small changes in amino acid sequence of a cyclic peptide can be
amplified into large differences at the supramolecular level. Thus, changes in
the structure of a cyclic peptide may constrain peptide interaction and limit

21



fact that backbone-backbone hydrogen bonding are believed primarily to
direct the self-assenbly of the nanotube structure. Differently stacked
subuni ts wer2/0g4508 ri se to topoi soneric supranol ecul ar st Partusopss3ehat
share the sang Qorgwrgﬁarly 10 the sane tubul ar f3-sheet-|ike hydrogen bonded
backbone strlcture. The variety of suprano|ecul ar structures assenbl ed

froma singl PR Of BESIMAECHATIIRCHESS totpﬁglct}}aéﬁ%iﬁ #5eMPIRRES thater obes can
devel op resi BhATGE l&ﬁam&ﬁﬁraﬁé’}&mﬁ&h& RGN @Mm gmg'bﬁ?eg(érh@s Bpiké de

sequence whi aining a cyclic and L-a- pt| bone,” or the
cylic O-pept pepettteskdmrtke like.nul ti t ude of cyclic peptides 15 can quickly be

screened or eval uate r the_ ability to. selectivel tar assenble in
m crobi al menbran q‘?ﬁg tlgaﬁf%ﬁ%essgt ?&Faééeﬁ% l%ﬁﬁpég%f‘ﬁ’ gragle (f"ﬂ?

anti-m cr9bi gfrAfel Yé Eemebéa tbeo%tth@ﬁotmrm FIGE BAGEE VB pBptRIRG0 BB abi i ty,
depol ari zation, or destabilization. The term"ami no acid,” includes the

resi dues of mhmbnmﬁmateraommqmnambdslssemb)ll@% "@th@ertms@ms,cfgqm th&sp, COys,

Tyt and val Joct feotstbpns ihpote Mgkt ot i beexl BumthB ooy oy

unnat ur al amtﬁ%eﬁcds@énblwmﬂletdéﬂeﬁbé)ﬁtr@ﬂrﬂoIﬁﬁbﬁnﬂlﬁsmdtbﬁssublﬁlﬁts caseful in the
cyclic peptides and the invention is not limted to natural,

genet i cal | y- @ivegeredo HPCHOMEETF deprameleplapsirysturgnihashars the SEAGPT ReRHYbe
til d 5 t§
1126065 40 L UG RO FBATIORL IBASIA, AGE S0

Mol ecul ar Bi of egytambistulategyres! memblem&onmsmgéeydimmnde tréintikesr ei n.
Anot her source of a wi de variety m no . aci d rgwﬁduei) &Sfrow ded by the
LQUFAZER) .

website of RYE DXHP%W“MMEHW?QF%@%EV@ Op Fesistangade Hishiznt 30 The
term"mamml , " as \%ﬁlhglf}%'[ﬂ:ptl&é% hénéecmr& @@iﬂﬁgacyalcqsa%a@ a @

war m bl ooded ani mal”, I's'susceptible to or has a mcrobial infection.
Mammal s i ncl lpdﬁtldyﬂiacklmnebmfmabyhc B-hewple bgoldione, pinglitudeorfswslic pepgides cat s,

t bi t d h ed ther |ivestock
Gomast | At o “ubagRo s pEste pek el sy 1S 3815 s 3t Rodiabrres 4R o anc

captive ani Mlgmblih§ thRfdbial hnBramisMahey caabdBescrédhicd kRN Svaludted foeys, fi sh,
and other farnmed aninmals. As used herei n a "nanot ube" or "nanotubule" is a

smal | tubul e antranicrobial agtpotyttartesing] for moreasadrroembtane pyroieabilipgpt i des of the

present invent he 5 cyclic peptides are believed to stack to
For m supr amorgdIrizaigh & EHREERIcH

The term "amino acid,” includes the residues of the natural a-amino acids

20 (e.g. Ala, Arg, Asn, Asp, Cys, Glu, GIn, Gly, His, Hyl, Hyp, Ile, Leu, Lys, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, and Val) in D or L form, as well as 8-amino acids,
synthetic and unnatural amino acids. Many types of amino acid residues are
useful in the cyclic peptides and the invention is not limited to natural,
genetically-encoded amino acids. Examples of amino acids that can be utilized

25  inthe cyclic peptide described herein can be found, for example, in Fasman,
1989, CRC Practical Handbook of Biochemistry and Molecular Biology, CRC
Press, Inc., and the references cited therein. Another source of a wide variety of
amino acid residues is provided by the website of RSP Amino Acids Analogues,
Inc. (www.amino-acids.com).

30 The term "mammal," as used herein, refers to an animal, in general, a
warm-blooded animal, which is susceptible to or has a microbial infection.
Mammals include cattle, buffalo, sheep, goats, pigs, horses, dogs, cats, rats,
rabbits, mice, and humans. Also included are other livestock, domesticated
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conposed of nanotubes. Hydrogen bondi ng between cyclic peptide is believed
to help drive the self-assenbly of the supranol ecul ar structures fromthe
cyclic paptoe@deesoEach nanot ube has a pore in the center ofecrhsot/isesthat is
surrounded b3{36 B(Bg,(ﬁeri es of peptide backbones of the stacked cyclic

pepti des t hat f'ormthe 10 nanotubes. The size of the pore. depends upon the
nunber of anaRignagingscapHve prmalsy cibederg oy aaimakytinglydes ®Aanot ube. In

general , dep@l?ga@gﬁ%pdlamgt ok ?ag?ﬁii%ﬁn%fls. the cyclic peptides enpl oyed, ions,
S nol ec

sugars, and o ules can travel through the pores of the
nanot ubes. Lar ger Awnised héres, e dmamiube” bt Gvanbtubolejhs a poak sububr thetdndy om | ar ger
cyclic peptides and | ar .struc ornmed. 15 of gates of

| f
nanot ubes. FSPO%%?ﬁgE&%hnBQ%C e%ﬁéﬁéﬂ%ﬁ?ﬁﬁé’”?&bﬁﬁﬂ%%ﬁ estructure

i s though§ tordeniaybRe n%@thi_’dEi k@ pelisved sl siacle KBRS 8pafnoldchilds bRlctue
nanot ubes. I n othef enbodi nents, the supranol ecular structure is thought

to be a "car pemposed of angsebes| iHaerogenbandjagbatwesh crielivopaptids is behevader m

" i de" d -herein _jncl f f 20 .S
am no aci de. ALBTBSELe P ErHRa oR R R ey TS om e R

joined by anpagtidée Haehdatcubdifisiione @lthé Berltérof@he fuBe thaf il sueroghdedbyof t he
adj acent am no acid. The peptides provided herein for use in the described

and cl ai med thiesterevat paptide bagkoenesi ke dacked grelicpeppdes thatdosa fitences
specificahly i te i r i j t l . ] n the

| ef t and%{)henglgorqg%%(sy% (E{Zgr()?ﬁﬂ?iet@ r%ﬁééehgﬁwg%% Bﬁg\t/’\gl{/ﬂe%lﬁé%pﬁggpepti des
are shown i ncesiid peptifiestiat fotrh ehef nahstubamimgenaral dependihg os dopurarpcsdzd of
arbitrarily chosen. Myreover, for. formulae of cyclic peptides where the
sequence ext ébwcﬁﬁpa?tt% Pploged. 1P SUSSEY a%%e@%%lkgwgf@@%ﬁaaﬂ T8 ext ends
fromthe Nt%eh%wheg'o% of thel PR ofubSNtLdrGerthiflecyed &hHddHow tHigugn the left.
30 According to the present invention, “supranol ecular structures" are

mul ti - subuni poss farotedrfesn large. cynlanpdptid esandomprashal eculat stractpets Somfed

nant ubul es, ich are believed to be for.ned thr h "noncoval ent" assenbl
of cycl i &5 pe i PEREENSDRREP G0 500 S BRI IBOONE FBeMem B oo

Supr amol ecul @fprambléehldf §BudiBY iPBosRtd BSh BarolIiR stRt@FddadipdEd ool ymeri ¢
systens in which the product of coval ent bond fornmati on between reactants

or nonomer s clufises gfimapowbes. Japthicl embagiments, thewnprampleoylar giragurgrie
ner oSy b, GRS B EARARS SRR Uk
depend, for The term “peptide” as used herein includes a sequence of from four to
20  sixteen amino acids residues in which the a-carboxyl group of one amino acid is
joined by an amide bond to the main chain (a- or 3-) amino group of the
adjacent amino acid. The peptides provided herein for use in the described and
claimed methods and compositions are cyclic. Peptide sequences specifically
recited herein are written with the amino terminus on the left and the carboxy
25  terminus on the right. However, where the peptides are shown in cyclic form,
the first amino acid in the sequence is arbitrarily chosen. Moreover, for
formulae of cyclic peptides where the sequence extends onto two lines, the
sequence on the second line extends from the N-terminal side on the right to the
C-terminal side on the left.
30 According to the present invention, “supramolecular structures” are
multi-subunit structures, e.g. nanotubes, barrels and carpets of nantubules, which

are believed to be formed through “noncovalent” assembly of cyclic peptides.
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exanple, on the environnent, subunit structure, side group selection, side
group interaction, and the nature and conbi nati on of noncoval ent forces
oper at i ngworv2/09dse3 system | n contrast, coval ent pol yneri c petrrusot/m3es have
been used tolﬂﬁﬁ qg) kinetically stable structures rather than structures
that assenbl & AnG QI ssemble in 10 response to the envi ronment. Hence, one
attractive féﬁpﬁméﬂﬁwkﬁﬁguﬁP6§@ﬁwi@dﬁﬁg§¥%1UH@“E%%W&F@FH@YH§BP|des that can

form supr anmolGGuhain Shich HdiBiud 8¢ Lo\Ridnt bR Lot gusrgbe%@le feadlfiRIGEL var i ous

cell menbr ane ypes ection is driven avor abl e t hernodynam c
forces deter mih(mbehebsy Tl’mqoromspm;eptldarsuprfmﬁoﬂmutaysiruccturepem| de relative to the
cell menbrane envi ronrre and/ 15 su am)lc? l

nol ecul
const it uent s IRFMEARNAIIFY yn%’i‘ﬂf’h?fgassq*ﬁ hecséﬁ‘?ﬁ‘}ag 4B ‘?r&ﬁf‘?"zifsll © fige

referencesto a§§%hfb‘lf§1§13ﬁpis¥eml§l?”@%ﬁ'a&emﬂfﬁisﬁés%ﬁhb%’wﬁﬁcllép'éﬁ@rforl ysis, or the
i ke, rreans that I1ttle or no sel f-assenb henol ysis, toxicity, cellular

| ysis or the ekamplel@nmee:s@mnmetnt,tSwéumlésﬂ@@lrg,rmdmgpmedeleqi@pt sideg@upage or
concentration. wa e subst ant henol.ysi s can nean
Chat Tese t naeabutt and b THRTE pia pord g Lo Pordysis e B E R an 1056 or
no det ect abl ene dy81ERI. Vinicon@ist | dovaleSidgn@ic daghirethdepkbtlescdas dasgor
concentration has occurred. Simlarly, "substantially no" toxicity or lysis

can mean t hinetieally stehle statsberes ragher tl@ﬁmS@mﬁ%}qu\ibfnwwe@ﬁée enthdissegtalom | ess
t han 100 t d d
pepti de 85 aé?pg?segé%geo%@erﬁm%?l Io}?fl’nl%éa(.’so%oc(:t}{a% lige e &98{ %}3?&&9 tgcrzll rrg?llt ge

" subst anti al leympesitionsesvntaysing peptiakes cHat yaroﬁonh)sﬁpﬁnﬂm{l&rktlﬂmﬁuﬂeemhmhan about
5% or no detectable henol ysis, toxicity or lysis, etc., at the tested or
desired pept Bdityisselsst gpongsh waridis call msmbiane ¥Ry rSush selsgiioniig driyen

"therapeuticg k Xvo‘?%l@ﬁ%&ﬁﬁ@%ﬁﬁﬁﬂ@forcésg f I%e?rﬁg'l'{ﬂé c&HIIEm sitfdrethd 9yc11§0 control

a mcrobi al ect| on erapeutic tive unt generally
controls the pa;mmimlaui/e tntd:eoblémemhﬂdmrenwrdmma&saadﬁeahelecﬁar:mdl/cafr| zed by the

presence of mcrobes in the infected ga , for exanple, by at |east about
20% by &P | SWREMR goHtugts o the ﬁ’t‘ 60% or by at |east about 80%

24 V0 02/ 090503 PGTLUSARIcLAAR k303 AN EhaLiRBLALIRERAGE, SUD] ects.

In some enbodi ments, a therapeutically effective anount “contrdls the
amount of m ¢rotEsorNsibr lwlsdolstbailée,sn%metltahattmrmowzkfcaswynbly,he presence of
m crobes in nore. .These

per cent ages. Peralo s Rt RINGs 1Ak i BREAPH st ke Flined i The
peptide dosage or concentration. By way of example, “substantially no”

20  hemolysis can mean that less than about 20%, alternatively less than 15% or less
than 10%, or no detectable, hemolysis at the tested or desired peptide dosage or
concentration has occurred. Similarly, “substantially no” toxicity or lysis can
mean that less than about 20%, alternatively less than 15% or less than 10%, or
no detectable, toxicity or lysis at the tested or desired peptide dosage or

25  concentration has occurred. In other embodiments, “substantially no”
hemolysis, toxicity or lysis means that less than about 5%, or no detectable,
hemolysis, toxicity or lysis, etc., at the tested or desired peptide dosage or
concentration has occurred.

The term "therapeutically effective amount"” is that amount sufficient to

30  control a microbial infection. A therapeutically effective amount generally
controls the amount of microbes and/or a disease state characterized by the
presence of microbes in the infected mammal, for example, by at least about
20%, by at least about 40%, by at least about 60%, or by at least about 80%
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5 infected mammual and/or the decrease in synptons associated with a di sease
state characterized by the presence of mcrobes in the infected nmamal

rel ati ve womuooispeat ed subjects. In other enbodi nents, a ‘PChdarsapetstd cally
effective aqyag&;vdls that anount of cyclic peptide needed to perneabili ze,
depol ari ze or™ destabilize the cellular nenbrane of the t alr et. m crobi al

or gani sm caud¢latve ieemntrgated s egih nn spHe ebogimets R4herapgutiss ﬂ\%@fé@rl@%t ive

amount” can %ﬁﬁnpﬁ?%% tﬁé@l‘ﬁﬂﬁnt dt %9{%??§ hdidrld dildase L IRhrableRE QA

or gani sns causl ng e Infection. An effective anount of the therapeutic

agent necessahg/presencenf midrobdsan dizaafecwd nvaanmal tgeat deadt algput B0%ae trs. such as

the type of m.crobes, the gmount, of m.crobes alread resent in the

ani mal | the AgESe RESAGERIAIA QAGCREPTH 1 AEHET QLRHEPLIS NN PRe abi 1ty
of the cygli g ReRl hdGinAfanlos M ReRAe ihRYRPIdNY hstevifenvitla didasobi al
infections in the manmmal . Therapeutical |y effective anmounts of the peptide
and peptide sttnposictdrund by dlre rEsochef mieebes dn heaniented maspmaliralativaf ect i on,

i ncluding preventin .recurrence of mcrohial infectio 0. Peptides,
Pept i de Var | At arreatsciuBicels, o TS eribotilistsrAe Hisrapsuiyliestieon provi des
cyclic pepti Gapuai®ds GRAMAGHLtIPBFClici peplideihdtde ochdr@e i itd, degolitwtorhave an

am no acid sequence of alternating D- and L-am no acids that is between
four to aboutdesthilizethe cgllylar memprage pf Bwdegemicretialossypan causing8en ani no

acids injhen %f% i), VRlNakh V@h&gg&{}?]ggﬁ%étﬁ/e BﬁBE;{f &5in 3fso bl ?hdeszgﬁftﬁh? nt

i nvention can have between r out ten am no aci general ,
the cyclic Dnebded-tp&{ll the @srgetamieaibidl pegantbenst Jaasiagitednfeciiols Aneffecteveand

gl ycine. According to the invention, (3-am no acids can be substituted at
the a- or (BWBE‘P@PC Bierapsutc agophpecstst iorconel TUCEReA GAB¥YMYs of either S

or R chirali taXco%Qingggfﬂﬁgt?%g%?}geyt%P% of IE?CI‘&SE@,S&IE Ytol o Fhickoes |

(3-peptides, provi t c beta peptide 1s honochiral.
Di subst i t ut ecilmadynprasenami ts asinpl,aheagd, sext, healthpmd semghtioflenmammabust have

the relative R R or .S, S_.diastereoneric.configyration 25 02/ 090503
T/ LS00 14398 AR GE NSEEFoOTIER SHAE ProrEn (3 <aioh o SR FGPRIRLs i n a
cyclic pepti qQgrestididGh tHeGnahmal honochiral . Cyclic peptides having (3-am no
acids generally have at |east one 1- amno acid with at | east one pol ar

si de chain. The cylderapewinally ¢fectvfe anoanisrafsleaeptide end pemiidgr e bel i eved to

undergo self ‘compositions can also be used to prevent microbial infection, including
preventing a recurrence of microbial infection.

20
Peptides, Peptide Variants, and Derivatives Thereof

The present invention provides cyclic peptides and compositions

including cyclic peptides that have an amino acid sequence of alternating D- and
L-amino acids that is between four to about sixteen, alternatively about six to

25  about sixteen amino acids in length. Alternatively, the cyclic peptides of the
present invention can have between three to about ten 8-amino acids. In
general, the cyclic D, L-a-peptides do not include the amino acids proline and
glycine. According to the invention, $-amino acids can be substituted at the a-
or B-carbons, or both. Mono-substituted B-amino acids of either S or R chirality

30 can be employed for the construction of cyclic B-peptides, provided that the

cyclic beta peptide is homochiral. Disubstituted B-amino acids employed in the

present invention must have the relative R,R or S,S diastereomeric configuration,
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5 assenbly to form supranol ecul ar structures that, upon assenbly in or on a
m cr obi al nmenbrane, can cause depol ari zati on and/ or perneablization and/ or
dest ai | i z&Dioe@H3 t he m crobi al nenbrane. I n sone cases, tPloa/wsyzii3es
peptides caysgodsys of the mcrobe, e.g. a bacterium Self-assenbly into
supranol ecul ar " structures is thought to occur by stacking of the cyclic
pepti des in &fevadadithgdhe Praming acifl sesidush it cxelig DeANFEIHIUCHER AN Wi t h

formati on of .0-shee dr.ogen. bonds_ bet ween .ad] acent cli hdes.
rowever it BamBarTah, SO B R T B s B A DO USSR o 1
sel f - assenbl gnjifd &i® WithaRagCofeolskiddehahes in  mamal i an cel | ul ar

menbr anes as neasured, for exanple, in an assay for toxicity in mamralian

cell's or henol ysi Fhetcyehimpantidesoftbeipisses inveptiosargibetiewpdde undasge pelf-

t her apeut Lcal | fective d . i i nr t invention
can be maée fafs\c/?rr'ﬂ%l}f% OHB%% r?l%gfecglr%(g-}d ef?nurg%&tg{éﬂgél} ngﬁltélgglrﬁﬂr?g%ggi d sequence
of the presemticeptl heneptd cascausaddpotiezatidn drelastpeaneabbiahtion axioro acid in
the case of DL a-amno acid c CL\'iﬁ‘(E:meepti des, or at |east one pol ar side

chai n in t he degadizgioncgfdhe @“(rggiﬁ wae. omarcases hefysiePdtidedl ar ani no
acids can range. lgﬁ%ﬁﬁgﬂmﬁbe,feﬁ%@lﬁmfiﬁmz"'_Soélfgiss Ay it sﬁ'%l‘@h%le@g'loﬁ or 88%

However, in sone ments a majority of the amno acids are polar. For
exanpl e, t he spactornistheugft tpodcar bariankingof the cyalic paptitleom anapottar8RYo t o

about 88%of the total er. of .gnmi no aci The exact .nu r of polar

and nonpépar f%ﬁ*\‘f%‘ooré‘cﬂaééﬁéggﬁé‘ﬁﬂé”‘wopﬁﬁt“g %ZB'S&]}‘?S”E O%ﬁn&%a‘%}?@e%ught 25
for a given gfbid cPAR pPBded THERERr, 8TRBLISRA Bt thd\ref@TyélRy the present
cyclic peptides are about six to about ten D, L a-amno acids or three to

about ten /3peptidendoaot tadily selHadsemblerintodiprantodeculan stradturgs fior t he present
cyclic peptides is. abqut six.to about ei D.L_aram ho I or four to
about six O- m%éa@icggpfar lf‘r?ﬂlsb,m}e%?s %lf%s'r% é?orae’r’farél beh narneass?cf'u%§cycl iC
peptide of tRexitiByiatharRmMaBaicdlid\ve hato8is o€ aiinnedlRin réd bbd atlisildstedt wo to
seven polar D and/or L-a-am no acids. Qher eight residue cyclic peptides
wi Il havéSt hostherapepticadlyséfegtivasiosghd/ or L-a-amino acids for exanpl e.

Preferred eight resg) i I ) 26

02/ 090503 PCT/ UsoWf%gfé‘%%gﬁt.hgg’g‘%%%qﬁ}’%ggﬁgég@%dé %H{élc%‘é‘."%l ancy‘\fsgome\

enbodi nent s, of Brangn@agte, Tl amineacidwequanct bfthe pegentdyslioperdtides i nventi on can
have two to five polar D- and/or L-a-amno acids. Oher six residue cyclic
pepti des nay iMAYdes ghicad ong Pplgr AmiW agid intheease 6f DIL graming #dd aYslids. At | east

one of these pelg)tlid’j(‘ers, &Pat ?erastl‘c;n%-p%% Qe 2364dSh H%%a?eeoﬁqjcﬁg B-rl)teptides. The

20  percentage of polar amino acids can range, for example, from about 25% or 33%
to about 65% or 88%. However, in some embodiments a majority of the amino
acids are polar. For example, the percentage of polar amino acids can be from
about 50% to about 88% of the total number of amino acids. The exact number
of polar and nonpolar amino acids depends on the size and the properties sought

25  for a given cyclic peptide. In some embodiments, the sizes for the present cyclic
peptides are about six to about ten D,L a-amino acids or three to about ten 3-
amino acids. In other embodiments, the size for the present cyclic peptides is
about six to about eight D,L a-amino acids or four to about six $-amino acids.
Thus, for example, an eight residue cyclic peptide of the invention can have at

30 least one, alternatively, two to seven polar D- and/or L-a-amino acids. Other
eight residue cyclic peptides will have three to five polar D- and/or L-oi-amino

acids for example. Preferred eight residue cyclic peptides have three, four or
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5 to at |east one other polar D or L-a-amno acid. Alternatively, at |east
one polar D or L-a-amno acid naybe adjacent only to nonpolar D or

L- a- am nowaai®30503 Bet a pepti des havi ng about four to aboutbCaiigdor/1432am no
aci ds may ha\{e6 J9W‘ exanpl e, about two to twelve pol ar side chains,
dependi ng on ”‘_g é)vel. of a and (3 backbone substitution, 10 The cyclic D
L- a- pept i des iy pplee aminecasidsodn geme embpdimenise fogsuamplessi reFidugisyehic 88%

i oni zabl e am no.aci d resjdues. S ' t e per: age of

i oni zabl e ampﬁ%mge ngqeég‘ﬁe“@nf: z}%ﬂﬁvgg{g‘éttggg% (b)lgF @b&o(v%n‘a%ou 18@2%/1?% 88% of
the total nuRRér $Hf rebtdu@BHIRpepti @I 1Rk dsree T0d8r pdla¥ pLAGRLa- @ Si X Or

eight residue cyclic peptide can have at | east one, or alternatively two

or three or movimo Acdsd. okt lzadbbre &F theseghodar D--oaioremam atsds may ot dbacent
enbodi ments, the cyclic peptides of the inveni{i on .can h?ve four to siXx
i oni zabl e5D- tapdewst one ahPTRPIAG -8 L-Gaurnirid oHFmatydy.m! Igst eeaelato aci d
can be adjacent to at.l|least on . i.ani zahl - . L-am no
acid. Ater nz)t' P{/Lﬂaﬂqu?eac%:({/rg?}( ge %&e}g‘%i%(tjg@g'g‘]f; n?ljli{)eo lélr%eof]? ?%gm@éoa%'i Yave at

| east one i OHEARIPEdES havind abdli foar fcdbdut éight 4-smawd) st mhayddvg, foo 20 nonpol ar
D or L-amino acids. The cyclic (3-peptides of the invention generally
have about 2%%mpleathout tvBBMotvelvepalr sidg shains. sependingien tdevesof ¢ and ome
enmbodi nent s, the percentage of ionizable am no acid side chains can be from
about 33% or BSW‘F‘H‘%BQW{ % or 88% of the total nunmber of amino acid side

chains. Thus, for 16xa0pkep. Laalf}%}'ifidés%ﬁﬁé‘inb&ﬁio@%n@%ﬁﬂl hévd ahoePY%de can have

at 25 least one, or alternati y two or three or nore ionizable amno acid
si de chai ns. abbut 88thmnizahteadiineatid restdves.cincdone ¢nibquepentsldbe pércdritagei nvent i on

can have four to.si ioni zabl e am. no aci d,.sj de_gchains. & Ccyglj Cc. peptides
ot ho. | nventk STihls P “HaRE0) G IR Akl e £ S b a0t AT SRR " The
nunber of noREPRtALuABENYY RGhasr ENATRNGAN TiRfsYfoRSxdhifleSd &R or ighof the
pepti de varies and as the selected m crobial nenbrane environnment varies.

The cyclic pegtiduteyclié peiide icavbavei ap teagtensy el dligriasivelydlyo or tlrgept morgbout  75%

D- and L-ponpol.ar,am ng,acids. In. .so nbodi nent h rcent a of 27
WO 021 054803 BRI Sorming adidSo Fperanbasibets, i & ACERNART O ¢ o
about 50% t o t@bRVEntRA%eA havdffupio iRniAbRID- AWGE eranttho Bid@nSuda-aani no aci ds.
Thus, for exanple, an eight residue cyclic peptide of the invention can

have at | eastomzble B erdr-pratnovsidcanbigdiagery do aileash oppoihgr Per dind/ or L- ami no
acids. Q her igﬂi%tle bEs Lq%in%%%id'. CAlPe?r?&dng/? t}fga%fcﬁ@f{(%tides of the invention

can have at least one ionizable D- or L-amino acid that is adjacent only to

20  nonpolar D- or L-amino acids. The cyclic B-peptides of the invention generally
have about 25% to about 88% ionizable amino acid side chains. In some
embodiments, the percentage of ionizable amino acid side chains can be from
about 33% or 50% to about 65% or 88% of the total number of amino acid side
chains. Thus, for example, a four to six residue cyclic B-peptide can have at

25  least one, or alternatively two or three or more ionizable amino acid side chains.
In other embodiments, the cyclic B-peptides of the invention can have four to six
ionizable amino acid side chains.

The cyclic peptides of the invention can have nonpolar D- and/or L-amino

acid residues. The number of non-polar amino acids chosen can vary as the size

30  of the peptide varies and as the selected microbial membrane environment
varies. The cyclic peptides of the invention generally have about 12% to about

75% D- and L-nonpolar amino acids. In some embodiments, the percentage of
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5 three to five nonpolar D and/or L-am no acids. In sonme enbodi nents, for
exanpl e, six residue cyclic peptides of the invention have two to five
nonpol ar wD-02apkb®r L-am no acids. Qther six residue cycliPCTAS0Y/i43eS may
have t hree tq361E8w01nonpol ar D- and/or L-am no acids. At |east one of these
nonpol ar D- or L- "amno acids may be adjacent to at Ieag; one ot her

nonpol ar D- &pnpalgmmigo aeidgcambe pmabauti0yeiaaboyt 6% 95 thowidl ar D or

L-am no acid 1dj acent ¥st Qnud 516940 LinBieBiQuasidis. I n
general, the n@%ﬁ?@%@g@ﬁaﬁémgghﬁ& P%é?dur%;e(at Ree’ a%ﬁgno eaciude%g)r ol i ne or
gl yci ne, but peptidesdfheinebitonpapthades lemy otrg akergatoctl gdwo e sgveneven t hough

proline or glycine is included. Agcording (o the inyentio 3-.am no aci ds
can have non-nBBﬁ"g?r 137 4€/ O frfTHE© affﬂés‘a{)g}eﬁglggt-r%‘puf %YCX]ﬁrpSBtﬁ cs néary hEn. ~The
nunber  of 5 NORRBEIAfvALBNRBIaRBL SndFbiRamild defds. TSRO MmBHdiMRNY, oy the size of
the peptide varies and as the selected mcrobial nenbrane environnent

varies. The eyahple, sigrgsatyeicsielsc reptideseofithy myventom hyepéwale five penpelabout 12%
to about 75% nonpol ar am no,acid si.de chains. |n,. i ts, the
per cent age of ﬁB&(B’b?’&P"&’n?Cﬁ%S' gtétg‘af 9 eSIJ(;:I’ é:?'(%lsc %egﬂg%e% 2t gérg%%’legggut 50% t 0

about 67% or fa%oapolahe- drdlclL-ahifbecidel AdNastondoif thesé Henpditd@ivisr L- Thus, for
exanple, an eight residue cyclic (3-peptide of the invention can have at

| east one, alamennhagids apybe @‘it/léce@lbtosaé\}"@ﬁt WSS eIy YdiremEPdsidchai ns.

O her ehght nesi.gue.c | - i.des. may. i npol ar

am no aczlg siﬂ%%a%ﬁgyhéﬁg%sﬁoé%@%gﬁgd?rrregﬁ%ﬁéwcg(} hlggg)r%rﬁfl%?&gi%@ﬂgsi due
cyclic (3-pepblatesopf-aimie &5ds. rTu gahdraintheayelid peptites do net incngwthar ami no aci d
side chains. Qher ,gi X residue, cyclic .Ss-aepti dgs rr%}/ have éhree to four
nonpol ar ani ABRRAGd Brojiae ehglyRe, budseiian S¥slePepuess may b s09e BFVIept i des

can be geneti.gal ﬂhguﬁpﬁﬁﬁﬁgo@gkaﬁc?ﬁhglﬁde@at urally occurring non-genetically
S, or syn

encoded am no acl y etic amno acids. Both L- and D-enantioners
of any of the abovwecardéng t38@haiinventivad fiamihdecidycdn lmvpaph-ipdis sid€kkaiasti no aci d
not ati ons used herein for the twenty genetically encoded L-am no, acids and

sone exahpl edt BF onen Pesterascr bath nbhearingler af BorsPelgy Bmojagidmidy hams 28 WO
02/ 090503 P%ﬁ&%%%é&é%&gaﬁ ith:]egs@% cﬁﬁgéf%%bﬁﬁé%ﬁeslaré%% et dMRrdeeht €r  Conmon

Synbol Abbreviation
membrane environment varies. The cyclic B-peptides of the invention generally

have about 12% to about 75% nonpolar amino acid side chains. In some
embodiments, the percentage of nonpolar amino acid side chains can be from

20  about 50% to about 67% or 75% of the total number of amino acid side chains.
Thus, for example, an eight residue cyclic B-peptide of the invention can have at
least one, alternatively, two to seven nonpolar amino acid side chains. Other
eight residue cyclic B-peptides may have three to five nonpolar amino acid side
chains. In some embodiments, for example, six residue cyclic B-peptides of the

25  invention have two to five nonpolar amino acid side chains. Other six residue
cyclic B-peptides may have three to four nonpolar amino acid side chains.

Amino acids-used in the cyclic peptides can be genetically encoded

amino acids, naturally occurring non-genetically encoded amino acids, or
synthetic amino acids. Both L- and D-enantiomers of any of the above are

30 utilized in the cyclic peptides. The amino acid notations used herein for the
twenty genetically encoded L-amino acids and some examples of non-encoded

amino acids are provided in Table 1.
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Arginine R Arg Asparagine N Asn Aspartic acid D Asp Cysteine C Cys
GQutamne QAn dutamc acid EAQu dycine GAy Histidine HHi s

| sol euci /@olo2lob@so3 Leuci ne L Leu Lysine K Lys Methioni ne PRITNESD2/14329

Phenyl al ani \r;\? IIZJDQ, Proline P Pro Serine S Ser Threonine T Thr

Trypt ophan rp yr05| ne Y Tyr Valine V Val B-Al anine Bala

2,3-Di am noprop| onic Dpr acid A Am nbatde b utyr| c acid Alb N Met hyI gl yci ne

NeG y (sarcosine T e O Gt atanineg t-BuA

t-Butyl glycine t- Bﬁtﬂ hkl?‘ 4hy| I sol euchXé&L%ﬁ Pl‘tecﬂ}i 1%}61?29 He Phg 29 WO

02/ 090503  PCT/ USOR/14320—1361-009MaE AR Ro—Aci-d—HE st 2EP Cormfon
Alanine” A Ala
Arginine R Arg
Asparagine N Asn
Aspartic acid D Asp
Cysteine C Cys
Glutamine Q Gln
Glutamic acid E Glu
Glycine G Gly
Histidine H His
Isoleucine I Ile
Leucine L Leu
Lysine K Lys
Methionine M Met
Phenylalanine F Phe
Proline P Pro
Serine S Ser
Threonine T Thr
Tryptophan A Trp
Tyrosine Y Tyr
Valine A% Val
B-Alanine Bala
2,3-Diaminopropionic Dpr
acid
A-Aminoisobutyric acid Aib
N-Methylglycine MeGly
(sarcosine)
Ornithine Om
Citrulline Cit
t-Butylalanine t-BuA
t-Butylglycine t-BuG
N-methylisoleucine : Melle
Phenylglycine Phg
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Synbol Abbrevi ati
Nal  Pyridyl al ani

2- Fl uor opwenploadsani ne Phe(2- F)

4- Fluorophenxgg

I soqui nol i ne-

sul foxi de MSO Ho
butyric acid Dbu
Honocyst ei ne Hcys
val eric acid Ava
am no aci ds that
the cyclic peptid
0- al ani ne (b-Al a)
acid (Dap), 2,3-d
forth; a-am noi sob
am noval eric acid
(Gt); t-butylala
30 WD 02/ 090503 P

on
ne 3-Benzot hi enyl

Rope Phe(4-F)

Cycl ohexyl al anine Cha Norleucine N e

Napht hyl al ani ne
al ani ne 4- Chl orophenyl al ani ne Phe(4-d)
3- Fl uor ophenyl al ani ne Phe(P8TR)S02/14329

Penici |l am ne Pen 1,2, 3, 4-Tetrahydro- Tic

CT/ Us02/.14329

n)(\/I ic acid B-2-t% ne
16&1199 Aickk Harg N-[deBe-Jettpysi ne [Acammon) 4. D gni no
P- Ani nophenyl al ani [ oEb@( pNH2)  |[Mbhrewiation| | ne MeVval
Cyﬁnhles@taﬂarénd—lser E- Am no hexanC|(ZhaaC| d Aha A- Am no
\I D a.||| ||ubut.y| -er—actd—Dbab—Cert A—eonfmonl Y ncount er ed
aﬁgr %enetically| encoded and ?ﬂ 8t can be present in
ERafHth] lgﬁnﬂn@vent ionl 1 nclude, Dbut{pgne not limted to,
and ot her onmega-amino acids suchh as 3 5 am nopropionic
Bﬁmmﬂﬁm@p¢onlc acid (Dpr), 4-anijnobutyric acid and so
1 GhaSl I"n/i\ﬁé by c-antnotex rcactd (ATa);] S
%E\%ﬁf? ma¥hy glycine (MeAy); onmithine (On); jcitrulline
N41Ch I drbpBmialaninebut |yl gl yci ne (t - BiGe(4-Chret hyl ifsol euci ne

2-Fluorophenylalanine Phe(2-F)
3-Fluorophenylalanine Phe(3-F)
4-Fluorophenylalanine Phe(4-F)
Penicillamine Pen
1,2,3,4-Tetrahydro- Tic
isoquinoline-3-carboxylic

acid

B-2-thienylalanine Thi
Methionine sulfoxide MSO
Homoarginine Harg
N-acetyl lysine AcLys
2,4-Diamino butyric acid Dbu
P-Aminophenylalanine Phe(pNH>)
N-methylvaline MeVal
Homocysteine Hceys
Homoserine Hser
E-Amino hexanoic acid Aha
A-Amino valeric acid Ava
2,3-Diaminobutyric acid Dab

Certain commonly encountered amino acids that are not genetically

encoded and that can be present in the cyclic peptides of the invention include,

but are not limited to, $-alanine (b-Ala) and other omega-amino acids such as 3-

aminopropionic acid (Dap), 2,3-diaminopropionic acid (Dpr), 4-aminobutyric

acid and so forth; c-aminoisobutyric acid (Aib); eé-aminohexanoic acid (Aha); é-

aminovaleric acid (Ava); methylglycine (MeGly); omnithine (Orn); citrulline

(Cit); t-butylalanine (t-BuA); t-butylglycine (t-BuG); N-methylisoleucine
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1361. 009WO1L (Mel | e); phenyl gl yci ne (Phg); cycl ohexyl al ani ne (Cha);
norl eucine (Nl e); 2- naphthylal anine (2-Nal); 4-chlorophenyl al ani ne
( Phe( 4- Cwp;02@905H3 uor ophenyl al ani ne (Phe(2-F)); 3-fl uoroplrempisat/assine

(Phe(3-F)); 4}561549%|iophenyl al anine (Phe(4-F)); penicillamne (Pen); 1,2,3,4
5 tetrahydroi so‘clw nol i ne- 3-carboxylic acid (Ti C%;i . beta, - 2-t hi enyl al ani ne
(Thi): met hil¥sllak Phemiglysine (Rhasoyclohsrrdalapmai(qaa); posleprmeNiRetyi | ysi ne

AcLys); 2, ;AWML ARRYIY NG 8% PBVENCEY: {IF-Yo 1] tyric acid (Dbu); p-
grri ngp%enyl aﬁgﬂ}tﬁgﬁ(& e?%m%)a?h%-r%ﬁ%ala\?}gﬁ(gg ( é?)?/ hormcyst(ei ne) P
(hCys) and hdmosphemdalghiSe (Phe(AdY; 8ifbroaiphanylaleninei(Bhe(Bd)pgs cont enpl ated 10
i ncl ude phosphoseri ne,. phosph eoni.n hosphot yr.osi ne, hydroxyproline,
ganmma- car box%‘P{ﬂp ﬁ‘b}g%l_,"“%HF M#'ES)aB?IH?IﬁB‘BF%@E‘BOﬁéeﬁﬁ?‘e- 2-ca¥boxylygoc acid,
statine, §- Mgl dx%is_%ﬂhiﬂ@hn@@k@rb@?ﬂ?@é@id m@ﬁyﬂe@d.@%%{ﬂmt gl yci ne,

and sarcosine. Peptides that are enconpassed within the scope of the
i nventi on camethignige anjoxade S} diomypargtine (fdvigiiN-apetyHasine (deLys);

configuration,, @r an t her. n aci.d .known t ne of skill in the art.
Ani no aci ds ?r?é lalélﬂ%%élﬁﬁ]sctaicf(%@f%wg?f'g%amé%%%tgf%aézﬁé)gg%@’r%’I ly reside within
simlar clas %ﬁﬁn@hex?d@l@hi@é gme(pbeﬁz)kmmtmﬂ vahge AWe¥kl)] Homotyktbigear t, ami no

acids can be placed into different classes depending primnari I%/ upon the
cheni cal and (hGys) end Bempsesipe (h¥esl Aidditionalamming agidianalopsieorderaplatedror
exanpl e, ;80 i [ ds...20 I i rophilic or
pol ar amlﬁong%cl s?rbglr?%%gg ﬁ%%épgésgh&gﬁéﬁg’e e°§81?°§9%§{“§§h rdg?o Béll%:{g’or nonpol ar
am no aci ds. ghiaharcasvoxygluganats, hipputicudel, acthhydreindols-hearborgylizcicdi c, basi c or
hydr ophilic side chains_and nonpol ar m no_aci.ds i ncl ugﬁﬁam' no .aci ds

havi ng ar oma e MGy LRIRBINE PR BENZON aPRREY 12130 BTORAT NS MO s may be
further SUbd's¥ﬂc§ﬁge.E]]5€gtiHQ§ thd€are BRI LS ithin AR @bpeﬁ&mb SRl A ds. The

definitions o sses of am no ‘acl ds as used erein are as foll ows:
"Nonpol ar Anihave #yi af foregbmgsintino amdsaiumithoLaci O- benfiguptmnsommyaitlzdrn t hat i s

uncharged_at physio ical] pH that.is not polar and that is generally
repel | ed 3py a&ﬁ%@%‘iﬁg‘b‘?"hm &?.Ofégg'ﬁﬁlté%argf genetical |y encoded hydrophobic
am no acids 30 i nghindQcik #hat hle@ubdtRbtabI¥Ebs ealh latheirgénew%, r¥ésilde withap! es of
non-genetically encoded nonpol ar am no acids include t-BuA, Cha and N e.

"Aromatic Anismuilasclagsesiogperdasses. disimopwl taonanf siall acthe afaeming aeidsi de  chain
containing atcarll §& I%ltaceodrl Gt (!li?f%re?l? h{lds 8ep%8{1]ilrlg%?itrn%gily7 1':1}50%' RELhMicaYALe™ 31

physical properties of the amino acid side chain. For example, some amino acids

20  are generally considered to be hydrophilic or polar amino acids and others are
considered to be hydrophobic or nonpolar amino acids. Polar amino acids
include amino acids having acidic, basic or hydrophilic side chains and nonpolar
amino acids include amino acids having aromatic or hydrophobic side chains.
Nonpolar amino acids may be further subdivided to include, among others,

25  aliphatic amino acids. The definitions of the classes of amino acids as used
herein are as follows:

“Nonpolar Amino Acid” refers to an amino acid having a side chain that
is uncharged at physiological pH, that is not polar and that is generally repelled
by aqueous solution. Examples of genetically encoded hydrophobic amino acids

30 include Ala, Ile, Leu, Met, Trp, Tyr and Val. Examples of non-genetically
encoded nonpolar amino acids include t-BuA, Cha and Nle.

“Aromatic Amino Acid” refers to a nonpolar amino acid having a side
chain containing at least one ring having a conjugated 7-electron system
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WO 02/ 090503 PCT/ US02/ 14329 1361. 009WOL (aromatic group). The aromatic
group may be further substituted with substituent groups such as al kyl,
al kenyl , wbk};mydsps hydroxyl, sulfonyl, nitro and am no gr@apajSozs43eel | as
ot hers. 36??09&f geneti cal | y encoded aromatic amino acids include
phenylalanln yr 4ine and tryptophan. Commonly 5 encountered

non- genet i cal(4r9méh@:§@él§) aF R PMetia &M %Wﬁh@l%ﬁ@ltuﬁﬁﬁé‘ﬁ?! gl yci ne,

2-napht hyl al any :ﬁﬁloeppﬁx% féi‘éu%ﬂ% i P'aﬁén?lllalﬁxé)gﬁlli}édrr%% sulfony 1, nitro and

tetrahydr0|soqu car boxylrc ac enyl a anlne, 2-

f 1 uor ophenyl amami greups3aé mura@pherry%dampilas@f@amhu@alﬂy umodpdlmrmmaabani ne.
"Aliphatic Am no Acid" refers a nonpal ar am no aci haV| a 10
saturated or ARy A PhenYipianing, HrRsing angh T Rigphsn- drocar bon

side chaj VaFB%H%lrﬁsn&{ arae @&kw dea?&agt%rﬁinbrabﬁfsh&l@d@ no aci ds i ncl ude

Al a, Leu, non- encoded al 1 phati c am no aci ds
i nclude N e. phﬁgll@ycﬁm%mph&ydﬂlamaé & Z-thienydalhnide,dphB 4 ¢ amino acid having a

side chain that is.charged or uncharged a hysi 0 i.cal, pH and that has a
bond in 15 mfﬁ@}?y‘hrﬂésoﬂ%ngﬁberg@?’i’f?wbch (ghé‘%]’é‘g' ﬁ‘u 'ﬁ By two atons is
hel d more cl gglopheldlal@fife OF-NhéBplRing HBaniROAnr4- Aibraph@sidsming.e general |y
hydrophi li c, neani n that the ﬁave an am no acid having a side chain that

is attract ed_ by agbdpbaticstming deid” rafs ik aenpstargatise peidipyingdcoded pol ar
am no aCIlgfs h%c}ag asg%lhaage'dgs fai&%ﬁlgﬁaﬂ Q)?anch%b' %Q%Xdl{%ﬁbgg Ffa d serine.

Exanpl es Glar "am no i'nc

citrulline, Iamﬁcymmpm-eof génweatlw enlcyﬁdd%lpﬁﬁlﬁb arminbiaoids ieclsdd AlaxLelg.
"Acidic Amno Acid" refers to a hydrophilic am no acid having a side chain
pK val ue of [Veadand HanExamples af @onawc%eda@lpagtlcf ypimeacids inglyde lﬂggatl vel y

char ged si de chai npogt \BXS WAL OYLEA MlyHBHIR 8RS o0l i iRk ggeEn | on.

Exanpl es of genetically éenco 5Ci di'c amrno aci I'nc aspartic acid
(aspartate) ahgn ti2f igthatgedior uachatgddgit phpsielbgiral pHBasd thathmasrobohdiid” refers to

a hydrophilic _am no ac de chain pK val ue, of greater, than 7.
Basi ¢ aniho. SERUSTE B CAEESTSRBTERE! SRy OV ERA PR 1S PR BRTEHoel
physi ol ogi C%Kgg%ggﬂ%ta@mﬁ@ SENhainhiRY a¥iit Qre@éﬁéﬁny HYArbPRilic, fREARRY @t Of

genetically e asic amno acids include arginine, 1ysine and 30
hi sti di ne. Ettmyplage anamieracyehetingcabidy e dued dﬁamt‘td mmwom:wdl@lqnncl ude

t2,h£e1_ d? 221-_ ﬁgg#xg @s %gggrgeltlg i nh@%d’%‘ﬁ?ﬁ a]%rg%o gtllegs Inenfde 2 II)acr)lelﬁe 6clzystgl’ne
glutamine, lysine and serine. Examples of non-genetically encoded polar amino
20  acids include citrulline, homocysteine, N-acetyl lysine and methionine sulfoxide.

“Acidic Amino Acid” refers to a hydrophilic amino acid having a side
chain pK value of less than 7. Acidic amino acids typically have negatively
charged side chains at physiological pH due to loss of a hydrogen ion. Examples
of genetically encoded acidic amino acids include aspartic acid (aspartate) and

25  glutamic acid (glutamate).

“Basic Amino Acid” refers to a hydrophilic amino acid having a side
chain pK value of greater than 7. Basic amino acids typically have positively
charged side chains at physiological pH due to association with hydronium ion.
Examples of genetically encoded basic amino acids include arginine, lysine and

30 histidine. Examples of non-genetically encoded basic amino acids include the
non-cyclic amino acids ornithine, 2,3-diaminopropionic acid, 2,4-diaminobutyric

acid and homoarginine.
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WD 02/ 090503 PCT/ US02/ 14329 1361.009WOL "l oni zable Amino Acid" refers to
an am no acid that can be charged at a physiological pH Such ionizable
anm no aciwe mnedsosle acidic and basic amno acids, for exaeplesoz/DBaspartic
acid, D-gluta {31 o d, D-histidine, D-arginine, D |ysine, Dhydroxylysi ne,
Dornlthlne aspartlc acid, L-glutamc acid, L5h|st|d| ar gi ni ne,
L-1ysine, L-hydroxy PV@H%A&PWA&F%TFW%@ anggifp pgid that gambe aé$eéloatl§y t hose

havi ng ski (gmg lslgglcal H, 506 RRRYEle aRliRS2didd i &é‘lhh@Qédﬁra%d'B%m@ﬁ% ute.

Several amn ibr't nore than one aracteristic property, and can
t her ef or e be atide/ fudedchnipie, rma@attimeﬂmd) pegluamegand,. D-hisodinex@raygdimne,tDsr osi ne has

both a nonpol ar ar tic ring_and ol ar hydroxyl .10 group. Thus, tyrosine
has sever al &1‘%‘?%813@’ repilysne, RAmigy H?& 21?8316% ﬁr%&flj{ b‘ﬁfjbl ar, aromatic
and pol ar5 Ha&VRIe, L-tajfg?nlﬂertpgjsﬁ&'é - h?&okﬂygﬁ%ﬁ%hl%ﬂ% SO tyrosine Is

general | y considered to be nonpolar. Sinilarl y, in addition to being able

to form disul f| de Aﬂwlklatgawpracwé@deb}h@ow lwlrtgaﬁéﬂlhmb@ﬂdrthchh@@ct er. Thus,
whi | e nof[ Str tlg%&élngéﬁgtggw?stg S<=,\ye(1j 1.51?1{-l gl?ﬁque hnlg)p%gﬁe a CI gadro aci d, in

many 15 |nst§ tse y or

nonpol arity tRardcteR&RprEferty] Bfd 6drﬂﬁ$ﬂefdr€&é imehgledfin indee MBAVAe cregry.bed
genetical ly encoded and non- encoded ami no acids are sunmmarized in Table 2,

bel ow. It i s Fopexmpledriosingdas bethamnorpelpraromatic figg apd p pelar Byqdroxyl pur poses
only and,go grérlr@t TG AGKdsirfethal ?ge@m i SRR thva?c&ga be @bocpibbAg, act d
ha an

resi dues conpris epti ana ogues descri bed
herein. O hemoﬁimlmoa@maﬂlcraﬁspdlaesHbWaﬂzeranhenus;ﬁjlaﬂnnglsklomianngld§ue pepti des

descri bed herein can be found, in Practi cal
Handbook of BYYBE‘H%Fﬁ%ePFVHXHBHWr %HOBP@FES’W‘IE%C%P@@& QB8 and the
references Ccly hl%% %ﬁf&gmf' Angkdes, oz/gﬂefn%%sﬁafhamm@c‘dhgrae&%' RS 1S 25

provi ded by t te o RSP “Ani Aci ds Anal ogues, | ( WWwv. ami no-
aci ds. com . Avilemonstridgy nbsSlﬁgbma‘h)(dmnhpbmmponr dreineiapidg Brmiey

conveni en Iassif ed into aboye scri.bed cateqgories on the basis
of known! %) %]rces %?ﬁte/”bercafl &‘ﬂse o lbl &ré’? Qbigi ?ﬁ%oé‘% %ﬁ‘g’?%’r physi cal
properties apeptarpar ed with amno acids specifically identified. 30 TABLE

2 Classification Genetically Encoded Cenetically Non-Encoded Nonpol ar
The classifications of the above-described genetically encoded and non-

encoded amino acids are summarized in Table 2, below. It is to be understood
that Table 2 is for illustrative purposes only and does not purport to be an

20  exhaustive list of amino acid residues that may comprise the peptides and
peptide analogues described herein. Other amino acid residues that are useful
for making the peptides described herein can be found, e.g., in Fasman, 1989,
CRC Practical Handbook of Biochemistry and Molecular Biology, CRC Press,
Inc., and the references cited therein. Another source of amino acid residues is

25  provided by the website of RSP Amino Acids Analogues, Inc. (www.amino-
acids.com). Amino acids not specifically mentioned herein can be conveniently
classified into the above-described categories on the basis of known behavior
and/or their characteristic chemical and/or physical properties as compared with
amino acids specifically identified.

30

TABLE 2

Classification | Genetically Encoded | Genetically Non-Encoded

Nonpolar
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33 WO 02/ 090503 PCT/ US02/ 14329 1361.009W01 Cl assification Cenetically

Encoded Cenetically Non-Encoded Aromatic F, Y, WPhg, Nal,
Phe(4- Cwp oRledsas F) ,

Al i phatic A,ly
Aib Ohe

hAr g, Phe(p N
AcLys, MBSO, hSe
Cys I n sone enb
invention inclu
cysteine, 5 ¢l
hydr oxyl ysi ne,
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amno is an ion
aci d,
nonpol ar or non
exanpl e, al anin
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a peptide can b
i ncl udes the su

pepti de for anonA

utilize the Dr
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hi sti di ne|,

@Iliﬂt ution d

am o a6i d

N e T

Phe(3- F),

Phe(4-F),
t-BuG Mell e,

DAl ar

NI

Acei die

Pyri dyl

Thi ,
Al a,

e, MeVval,

Bemasv i sy |
Cha, bAla, MGy,

Ti c,
Al a

ZClasg)ﬁgjlthgQ

Segnefigtlly Encqsslar

E BasteH—J—™R
Qeneically Nﬁn-ﬁ,’ncc@e

E1

O n,
H Ct,

r,

,'aro'ﬁlatfé C

ments, pg
e, for exan
ut am ¢ aci d,

I"nlfhlI’\L

Ay, Wgys Cysterng
I'ar “ami no acids c

pl e, arginine, as
gl utam ne, histi

°P1&g Rl LTH"ef‘lc ﬂ@(@-y

St

erne,

nr~|| n

f 3- met hyl

e pr esent
ﬁa c aci d,

IyS|ne

Lb?léﬂtllcg/l re
i zabl e ani ng

hydr oxyl vS

nr-nn t hreoni-ne;
V&te&Jénlno aci ds

acid such as ar
i_ne, | vsine, or

TC——C U1

t-BpA gy BuGn s
oVisVidk Chés‘%](at WGA&
oA t hine. 10 Exanp

H3-am no
the pol ar
d, glutamc
es of

pothar am no
onpllarne, |

euci ne, nethionin

M@, P esi dues tha

I can be utilized i
e, isol eucine,

phen

ncl ude, for
yl al ani ne,

sine and tH
modi fi ed

In additi

to result |

e |1ke.
0 as

bn,
a ppptidp vari ant

the am no acid g

equence of
t hat

f at

| east one am

no

15 aci d residue

in the

atﬂer t han L

ct
nor

residue,
orm One or

dimg substitutions
e of the residues of

t hat
t he

eBghanged fd

H,aQ® her,

Dpr, Orn, hArg, Phe(p-
NH,), DBU, A, BU

Neutral Polar

S’ T’ Y’ Q’ N’ D’ E, H’
R, K, C

Cit, AcLys, MSO, hSer,
Om, Hcys

Cysteine-Like

C

Pen, hCys, B-methyl Cys

In some embodiments, polar amino acids contemplated by the present

invention include, for example, arginine, asparagine, aspartic acid, cysteine,

glutamic acid, glutamine, histidine, homocysteine, lysine, hydroxylysine,

ornithine, serine, threonine, the corresponding $-amino acids, and structurally

related amino acids. In one embodiment the polar amino is an ionizable amino

acid such as arginine, aspartic acid, glutamic acid, histidine, hydroxylysine,

lysine, or ornithine.

10

Examples of nonpolar or nonpolar amino acid residues that can be

utilized include, for example, alanine, valine, leucine, methionine, isoleucine,

phenylalanine, tryptophan, tyrosine and the like.

In addition, the amino acid sequence of a peptide can be modified so as

to result in a peptide variant that includes the substitution of at least one amino

15

acid residue in the peptide for another amino acid residue, including

substitutions that utilize the D rather than L form.

One or more of the residues of the peptide can be exchanged for another,

to alter, enhance or preserve the biological activity of the peptide. Such a variant

can have, for example, at least about 10% of the biological activity of the
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to alter, enhance or preserve the biological activity of the peptide. Such
a variant can have, for exanple, at |east about 10% of the bi ol ogical
activity wbozheosgst WO 02/ 090503 PCT/ US02/ 14329 1361. 009WeCTamor/espondi ng
non-vari ant 9?49569%'1 Conservative am no acid substitutions are often
utilized, 1.e7,7 substitutions of amno acids with simlar, chem cal and

physi cal pr oﬁéffﬁﬁpﬁdmasloﬂ'é@@?ﬁtb)éﬂn%M‘S@W@%Yﬁeammera"’éix%} jretions SRS er vat i ve
ami no aci ds %&’J&ﬁh} [, PO s OliKE, or AAEDANAL RatnaRAMchemRal hd of gl utam <
aci d; exchanging or gl ni ne or Isti |ne xchangi ng one nonpol ar
am no acid (@hyﬁcai@ropeﬁcds&wdesmbeﬂabovme net hi oni ne, phenyl al ani ne,
tryptophan, tyrosinpe, valine ) for another: and chan ne polar am no
acid (aspartl ¢ acififrcedpreaginle CORieriagys amig agids S{:}ﬁﬂ{t‘éﬁ%‘%ﬁégw& Sci ne,

serine, thr e%ﬁ&l{hﬂ m%tag artié 8id 31 anic ﬁfl(i %&cﬁa{h%n@-lpﬁhé foHakAnme P are

i ntroduced, Sriants are screened f bi ol ogical activity. In one
enmbodi ment , thlreéldugecbxcbawpg Dnl@somvblar Iammma,ogh(almnq;mlmm, kncingni no aci d

seqguence havi ng f or mul.a %1 %é@%

(73) b (x2) p (R B S R Rha e B pposines ypline) o gt 1

10) p( X9) p- ( Y@kEHaX8R-on¥PdRE &rhlridr {cHF JaBpdr¥®hdid (2¥BAragint, giw@mmid cid, in is an

integer ranging from1l1l to 7; 20 each p is separately an integer ranging

fromO to 7; géla@rnmxaglyme sgane, Xareondse, i) foxanotkg:. Adter thi:$pbxiotipas separ at el y

a polar 4 Y5, Y6, Y7, Y8, Y9,

and Y10 |1? serealrn 5? a&@dwﬁgggﬂé i %%gm%gﬁ% lelbmlor??lcal Ctl and 25 wherein the

cyclic pepti de hagn ane emadsﬁlmeﬁbafe atlié pepridtoof the m\abﬁm carshaxt @agn

alternating D- .and .L-a am no aci ds. In anot her enbodi nent, the cyclic

pepti des of taHENG A& RequsPCINgAPEMWA L' ani no aci d sequence having fornmul a

I1: 30 F (DXL -L-X2) m- (DYl - L-Y2) p - (L-X3 - DX4) p - (L-Y3 - DY4)

p -(L-Y8 - DY7) p- (DX8 -L-X7) p- (DY6 - L-Y5) p - (L-X6 - D X5)
(Yl)p'(Xl)m'(YZ)p'(XZ)p'(YS)p'(XB)p'(Y4)p'(X4)p'(YS)p'(XS)p o

15
— (X10)p-(Y10)p=(X9)p-(Y9)p-(X8)p(Y8)p~(X7)p-(Y7)p-(Xe6)p-(Ye)p—
I
wherein:
m is an integer ranging from 1 to 7; _
20 each p is separately an integer ranging from 0 to 7,

each X, X, Xg, X4, Xs, X, X7, X3, X9, and X is separately a
polar D- or L-a-amino acid; and

each Y1, Yy, Y3, Ys, Ys, Ye, Y7, Ys, Yo, and Y is separately
nonpolar D- or L-a-amino acid; and

25 wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-oe amino acids.
In another embodiment, the cyclic peptides of the invention can have an
amino acid sequence having formula II:

30 (D-X) -L-X2) m - (D-Y| - L-Y2) , - (L-X;5 - D-X4) , - (L-Y3 - D-Y,)
] p |
—(L-Ys-D-Y7), - (D-X5 -L-X7) p - (D-Y¢ - L-Y5) p - (L-X5 - D-Xs)

p

35
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p 35 35 WO 02/090503 PCT/US02/ 14329 1361.009WOL Il wherein: mis an
integer ranging froml to 7; 5 each p is separately an integer ranging from
0 to 7; ewohn2M3050X2, X3, X4, X5, X6, X7, and X8 i s separ atremyusaz/pskar D- or
L- a-am no acugﬁ @Q&Q Y1, Y2, Y3, Y4, Y5, Y6, Y7, and Y8 is separately
nonpol ar D or £P8%An no acid; and 10 wherein the cyclic peptide has an
even nunber of fromfour to about siXeen alternating D and L-a am no
acids. In yet another enbodinment, the cyclic peptides of the invention can

have an am no aciwhesgguence having forrmula [11: 15 (X1)P (X2)p-(X3)P-(X4) m
(X5)p-(X6)p (X7)p (X8)P (XN p-(XIQP Y -Y '-Y -Y-Y-Y-Y-Y-Y-(Y 10~-P ~
9~p ~ 8~p ~ 7~P ~ 6~p 10 iy integerpanging fom biog;|y ||| wherein: 20 mis an

integer ranging from1.g {is s%ﬁ&r'&teﬁl &ﬁinﬁ:g&%raﬁgiﬁglfm%‘oit@?,eger ranging fromoO
to 7; each X1, X2, X3, X4,” X5, X6, X7, X8, X9, and X10 is separately a
polar D- or L-a-ani no &e¢hdX:,6&cHKs,Y, X¥2Xs, Y3, andiXs Separatelyyarpola®- or9, and
Y10 is separately 25 nongol. ar D. or L-a-am no acid; and wherein the cyclic
peptide has an even nurB&FTHC3%9%m four to about sixteen alternating D-

an_d L-a arri no acids. | RadeY, anothey, et divientd i {g_egegafgﬂej nd}lg@m ge has an
amno acid sequence of fornmula [Va or IVb: 30 D- i 1 - (L-X2 - D-X3)n -
(L-Yl -D-Y2)m - L-Y3 |gaL-apamino acid; and
10 wherein the cyclic peptide has an even number of from four to about
sixteen alternating D- and L-a amino acids.
In yet another embodiment, the cyclic peptides of the invention can have

an amino acid sequence having formula III:

1 5 |: (X1)p'(XZ)p‘(XB)p'(X4)m'(XS)p'(XG)p'(X7)p'(X8)p'(X9)p'(XlO)p
(Y1o)p-(Yg)p'-(Ys)p-(Yv)p-(Ys)p-(Ys)p-(Y4)p-(Ys)p-(Yz)p-(Y1)w:l
10
wherein:
20 m is an integer ranging from 1 to 7;

each p is separately an integer ranging from 0 to 7,
each X, X3, X3, X4, Xs, X6, X7, X3, Xo, and X is separately a
polar D- or L-a-amino acid;
each Yy, Yy, Y3, Y4, Ys, Y, Yo, Ys, Yo, and Yy is separately
25 nonpolar D- or L-a-amino acid; and
wherein the cyclic peptide has an even number of from four to about
sixteen alternating D- and L-a amino acids.
In yet another embodiment, the cyclic peptide has an amino acid
sequence of formula IVa or IVb:
30
D-X; — (L-X;5 - D-X3), - (L-Y| -D-Y2)m - L-|Y3 IVa

or
35
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35 36 WD 02/ 090503 PCT/ US02/ 14329 1361. 009WOL L-11- (D-X2 - L-XA - (DYl
-L-Y2)m- D Y3 IVb wherein: 5 nis an integer ranging fromO to 4, mis
an i ntegeworaangisngg from1 to 7; X1, X2 and X3 are each a eegarsat/e43a9 pol ar
amno aci d; Y, .@ofnd Y3 are each a separate nonpolar am no acid; and
wherein the cyc'Pl C peptide has _an even nunber of from four to about 10
sixteen alternating D- Lafd —L(RrXeni hoXaer dB: Yi nlahivkireP- ¥nbodi BN, t he
cyclic peptide has an anijno acid sequence of fornmula VVa or Va: D X1 -L-X2
- (DYl - L- 2)qgor L-X1 - D11.2 - (L-Y1 - DY2)g 15 Va Vb wherein: qis
an integer ranging from2 to 7; 20 X1 and X2 are separately polar am no
acids; Y1 and Y2 ahsréi@iparately nonpol ar amino acids. The clained cyclic
peptides of the above f,qs awiAcser RRVBEFom ©t64Ude those conposed entirely
of nonpol ar am no aci ds.. Mor.eover, a gg tiﬂe ,;)avi ng 25 any one of the

fol | owi ng sequences may? BEPdREEU AL ﬁ{”o ¥ 6r nore of the above

formul ae: cycl o-[- (A nX,DXAha) X5 hre eayich separat€h pelaDahaiv)adid; cyclo-[-(G n-

D-Val )4-1 30 | o-[ - < - =1 - -
cyciao2 [-(4d n- q[/}CAIOa[ GI(. ll?"{’egg %dé?gg% e]a%%/%%[egl-afa-t‘% ?érrri{aﬁ’lﬂaﬁ@ @1{11[’31115— Phe) 2-]
cycl o-[ - (A n- D AwheGintheRypliapptie Bas ayevien numbTr of fromifewr)tga®y- D- Leu- ]

37 10  sixteen alternating D- and L-o amino acids.

In another embodiment, the cyclic peptide has an amino acid sequence of

formula Va or Va:

D-X; -L-X, - (D-Y] - L-ﬁz)q or L-X, - D-)fz - (L-Y1 - D-Yz)q

15
Va Vb
wherein:
q is an integer ranging from 2 to 7,
20 X, and X, are separately polar amino acids;

Y: and Y, are separately nonpolar amino acids.

The claimed cyclic peptides of the above formulae, however, exclude
those composed entirely of nonpolar amino acids. Moreover, a peptide having
25  any one of the following sequences may be excluded from one or more of the
above formulae:
cyclo-[-(GIn- D-Ala)4-]
cyclo-[-(GIn- D-Leu),-]
cyclo-[-(Gln- D-Val)4-]
30 cyclo-[-(Phe- D-Leu)s-]
cyclo-[-(Phe- D-Ala)s-]
cyclo-[-(Gln- D-Ala-Glu- D-Ala),-]
cyclo-[-(GIn- D-Phe-Glu- D-Phe),-]
cyclo-[-(GIn- D-Ala-Glu- D-Ala);-]
35 cyclo-[-(Trp- D-Leu);-Gln- D-Leu-]
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WD 02/ 090503 PCT/ US02/ 14329 1361. 009WOL cyclo-[-d n- (D-Leu-Trp)4- D Leu-]
cyclo- [-Lys-D Leu-Lys-D Leu-Lys-D-Leu-Lys-D-Leu] ; cyclo-[-Arg- D Leu
-Arg- D LWO-02A9@93 D-Leu-Arg- D Leu -]; cyclo-[-d u- D Lercr@so2/14329 eu- G u-
D Leu-Qd u- Yoowlog 2 Additionally, the foll ow ng sequences nmay or nay not
be excl uded #ro he above fornmul ae_and associ ated pepti des and

conposi tions: cycl o- [ <elarlgClar R-bewdgm lewl Tr p- Leu- D-Trp-Trp-1;

cyclo-[-D-Arg-@n-D-Ar T i T o
Seo [ B NG G DN BRI BT Lo

cyclo-[-D-Arg-@ n-D Ar gy@lbe{ DgTDpi:duemg-DD—teqn—Airng}LeueArg-D -Leu-];

cyclo-[-D Arg-d n- DAr Le cli pti des havi ng
any of the above seque R(ﬁé\@&é’fl &hhcﬂ gﬁfﬁ}-g[“'%ifelba Ef 'geJcI uded
sequencess may be Ada@thdiﬁﬁgi me FioW iR seduendes! by for ey kot B@@idfﬁd—‘e@tﬁdrﬁm
conposi tions and peptides of the present |nvent| on. For exanple, the X

am no aci ds ithe abieere Arowdacfand pesosiateiarepbidespnd eompesitiofis:t hr eoni ne,

I d,
D i St1 dine, D homocysterid > BRI R ABEAR: PIRER B el S, B

orni thine, L-serine, L-cwfle{Q)‘llAmg-,Glh.-DaAf@LagDﬂBp Leugbulprimpe]; L- aspartl c
acid, L 20 cysteine, L-glutam c acid, L-histidine, L-honpcysteine,
L-argi ni ne, L-1ysine, E¥CIHid}6X$1C§%1DnéI8)VaLD§rfﬁ1IteHT P PpPrBi ded that the

a-cyclic ertl de has a ?ag__ 1 (9{11 §;g§ bhabi iL?s gnlqu agil no acids. In

sone enbodl ments, one o re o m no are'io |2abl e amno
aci ds. Such ionizabl e aptlog-mairgSnme At Erp- Ibd?rpé>earrp4'[ép Topdspartic acid,
25 D-glutamic acid, D histidine, Darginine, D1ysine, D hydroxylysine,

D- orni t hi ne L-aspartic acid, L-glutam c acid, L-histidine, L-arginine,

L-1ysine, '@%@ﬁ@?é’ﬂtﬁ{%b Hé‘wﬁ’é aﬂ-y G’Ftﬁé bbdve&eq ﬁ@ﬁ@esYh@\%\ré‘P ig€ludhglally bfe above

formul ae can exanpl e, "L-al ani ne, L-va ine, L-1eucine,
L- met hi oni nethd_excwleéucqunaqumehbmyicmdadlIwn@}n or wWe@I&I@an 30 L-tyrosine,
i aline, . D-leuci D-isol eu ne, D

D al D-
pheny! al S n@haERsHise] FENRHETRE AOLBHHE ot B BREEIGR PR he a- cycl i ¢
peptide has a seqdesesn é thd Keintlad helds B thé Ak ve formihé Oarlsd ﬂ%erlﬂd’l ot her

enbodi nents, the Y 38 02/ 090503 PCT/ US02/ 14329
D-threonine, D-asparagine, D-glutamine, D-aspartic acid, D-cysteine, D-glutamic
acid, D-histidine, D-homocysteine, D-arginine, D-lysine, D-hydroxylysine, D-
ornithine, L-serine, L-threonine, L-asparagine, L-glutamine, L-aspartic acid, L-
20  cysteine, L-glutamic acid, L-histidine, L-homocysteine, L-arginine, L-lysine, L-
hydroxylysine or L-ornithine, provided that the a-cyclic peptide has a sequence
of alternating D- and L-oi-amino acids.
In some embodiments, one or more of the X amino acids are ionizable
amino acids. Such ionizable amino acids include, for example, D-aspartic acid,
25  D-glutamic acid, D-histidine, D-arginine, D-lysine, D-hydroxylysine, D-ornithine,
L-aspartic acid, L-glutamic acid, L-histidine, L-arginine, L-lysine, L-
hydroxylysine or L-ornithine.
The Y amino acids in the above formulae can be, for example, L-alanine,
L-valine, L-leucine, L-methionine, L-isoleucine, L-phenylalanine, L-tryptophan,
30  L-tyrosine, D-alanine, D-valine, D-leucine, D-methionine, D-isoleucine, D-
phenylalanine, D-tyrosine or D-tryptophan, provided that the a-cyclic peptide has

a sequence of alternating D- and L-a-amino acids. In other embodiments, the Y
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1361. 009WO1 ami no aci ds may be L-tryptophan, D-tryptophan, L-Ieucine or
D-l eucine, provided that the cyclic peptide has a sequence of alternating
D- and L-woimo9@mos ds. The cyclic peptides of the present ipararso2/on9 for
exanpl e, incllﬁggogg@( of SEQ ID NO 5, 7-22, 26-29, 40, 41, 43-55, 57, 58,
61-67, 72-77,779-89, 91-93, 5 97-102, 107, 109-112, 114-117, 119-122, 125,
126, 128, 129mingaidsimey by hrygfopham D-trypiopkte LdsHSHIS GrehledcingPrayided ¢

n7 Eslzdeglenggwg% Sghie b%ﬁgﬁ% gg?q%%%,é (g?a-lt%gaﬁgﬁ-%b??&' %%rfo a.gfgdzs,' 2?’07,29’111,

112, 119, 125 and Th8@yclkqpaptitiet ofdhs pesent o1veosor, ifomsxampibs trmilmderagytofie pr esent

e prevont | SEn BERE S Bedd WEAT Bad5or s LT fo BuR, YT be 1
synthesi zed ign_{\bt {@, 189912, BU-f1e16R121 105asR %@tﬂz_d,gl%%/mw,qub%met hod or

, P
by enzyne catal yzed pepti ql’e synt FIESI_S or wth the ai reconbi nant DNA
t echnol ogy. 9$4l.i th phasenpeiiments tgychepéntideeempldyed argrihesstvaith SEQdR and

wi dely 15 used.. d i S cri j Dol c t he

fol | ow ng: sﬁg&gﬁ@z 17’%.’ ﬁgé{?l’ ﬁg”%z’n@sgggﬁejpgﬁﬁ?'g%hgii8??&8\!9?%3 > Freeman
Co., San Frangpswe, {d:869);112Me19,i105 ahdl139). FéMhuldtvasor &afiposiond149 (1963) ;
Mei enhofer in "Hornmonal Proteins and Peptides," ed.; CH Li, Vol.2
(Academi ¢ Pr eestainiigrtyy prespntAgcliapeptidgneanpaIadsa UG tveios mpre " The

Pept i des,16 eggclicgm %r)ti ss and F. Meienhofer, 20 Vol.2 (Academ c Press, 1980)
pp. 3-285. "These eB Idés can be further purified by fractionation on

i mmunoaf finity or Theprasatissiged quirified peptaich anedrianty thedept, icat bon; rever se
phase HPLC, chromatography on si]ica. or on an .ani on-. exchange resin such as
DEAE; chr omaf¥itBestasdny ;wt@asugp/le@éi,le solidcttaempendide ﬁmtﬁe%re%tpaﬁi BERY on: gel

filtration U%hmner 532%1{,?@3{5?53@ syMBRBRAL i the aid! dreaddthmimm DN A LY

chromat ography;” o I zation or precipitation fromnon-polar solvent
or nonpol ar/ pahaologyl Salint phesx peptals sylbetid methpi onarbsstabiiylsddadnidiwidelyon or

precipitagtion i eferred. To identify highly acti cycli epti des that
have |1t ibe dredimbhiteutfis defetinne s hn el Fellidiia
cyclic pepti dessolfPHas®PastidRSyRthesiy Wi H. FREmAR T, 3h Feaitifes (M9ydg, and the
i ndi vi dual cyclic peptides or cyclic zgfétl des fromthose libraries can be
screened for {\’éﬁmﬁelﬁi Eﬁm&h_m;ﬁgm e jcv$d 91 96 Dx Msiienpoferar "Hewmzanel e, |ibrari es
of peptides g¢an_be e Lng a - s phe-.co und r at rovi ded by
Cam ot al - (SPeASAT Py 00 33t CioB3h? BRAGGRIRELT, da™heh 8%eR
and Bavaay and Merrifield, "The Peptides," eds. E. Gross and F. Meienhofer,
20  Vol.2 (Academic Press, 1980) pp.3-285. These peptides can be further purified

by fractionation on immunoaffinity or ion-exchange columns; ethanol
precipitation; reverse phase HPLC; chromatography on silica or on an anion-
exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium
sulfate precipitation; gel filtration using, for example, Sephadex G-75; ligand
25  affinity chromatography; or crystallization or precipitation from non-polar
solvent or nonpolar/polar solvent mfxtures. Purification by crystallization or
precipitation is preferred.
To identify highly active cyclic peptides that have little or no undesired
toxicity for mammalian cells, individual cyclic peptides, or libraries of cyclic
30 peptides can be made and the individual cyclic peptides or cyclic peptides from
those libraries can be screened for anti-microbial activity and toxicity. For
example, libraries of peptides can be made using a one-bead-one-compound
strategy provided by Lam et al. (97 Chem. Rev. 411-448 (1997) or synthesized
39



WO 02/ 090503 PCT/ US02/ 14329 1361. 009WOL on macr obeads by a split and pool
nmet hod of Furka, et al. (37 Int. J. Pept. Prot. Res. 487-493(1991)). Mass
spect r omewpioe/0s@grience anal ysi s techni ques enable rapid ipdartsSot/i4sati on of
every pepti d%(%égb a given library. See, Biemann, K. 193 Met hods

Enzynol . 455 In general, synthetjc. operatio C 5 peptide
cycl i zati on, OBMEACHE P‘@)Srt?ﬁe%jslﬁ#ﬁa% ?QJI%‘?E QftFura. &6 8l (‘ﬁﬂélbg 1) slpgh

difficult t t t |
ifficu Oﬁ% @F}Bgfg@ R 13 iNpAks R HE gener gﬁ}f&% %f?é@?ééﬁfnqu@%aﬁlena

product of e synth sis”’regi ne iciently pure for
bi ol ogi cal asgsd sieniifiteioh of kedyg pe@ids mmlnh|MIMamr deedBiemsnn, Bept i de

yields from syn Si S ficient for.performng 5Q0.to 100
assays. Rapi zggg/lﬁléﬁjfit]h%‘@ ﬁggé?@éoiu%‘& thﬁtég%lﬁ?r?)t@ﬁ?’i gglug uence
anal ysi s can,beiRestRIARE, atrepbﬁ@rmeufoyl son@@&ppé@t 8 QUHRINESSidub ahd have hi gh
activity and to di scard peptide sequences with low activity. The synthetic

appr oach enpldiffiedt teantgmaie selatipmghase dpelatignss dfaregbere therfthal pwdnetiafi abl e

d h |
gﬁgt : agofiegﬂ ne&&i%{q%&?%’ﬁ%%r%%gs iegﬁr%l & %ff%oeggy\gg}ee?frol‘ Elog)(lrgaPal %ésX%{@vﬁﬁéﬁtes 15

m xtures of papkbaesurtfatiah §tbcb@r@er}&lpﬁtleﬁefd@rfrdnesidhmgmhlegipumebepr epar at i ons
of peptides can be used for EU|ck screeni ng, of combi nations of sequences.

Wien a mi xt usefficisnt fosperferaring BB 1 QL assayst Rapid autos)abdedassn t he ni xture can
ei ther beyin Mﬁ?g@hk&@@&h@h@&q{ag& taglgfygq B bP e HRRRAVI N

sequences” kn ure xture can i ndi vidual l'y
prepared and pé}ﬁiﬁee;dqueﬁiaést thatdfave highaxiility a@tp&hsmhrchpqpape sctpiencespafit | de
variant of the invention may be prepared in the usual manner by contacting
the peptide WYACHAY:- or nmore equival ents of a desired base such as, for

exanple, a nmetalli yﬁ{fl&f eg)gr&@ﬁ @mplcﬁe@ can %‘B@ldé%(ﬂyfdﬁlgm' SaraBldRidal

carbonate or bicar onate such exanpl e, sodium carbonate or
sodi um bi car identfiehle peptade saqmermeestiawosiuhdnusﬁsqf CDmblneeomhhbea,ry mixtgrdsy| ami ne,

trieth d the |ike. | derjivati f th
bepti do oF " papt leroun desmpeting gt Bobaves, Eiates STl mithesl ' 1"
protect ed a%ﬂse;ﬁfabsic&pﬁsaﬂs@ driefh@dd foﬁ&@ﬁﬁ%sﬁﬁdplﬁé\pr braB¥nPENPeptidddy a

protected or unprotected pep i de. O acyl erlva ives nmay be prepared,
for exanpl e, caybauseddor @ncloscreeningead cnydwr@klyni)@ﬁﬁeq@l@ce@rprl@ptamétwr@s| n.

B T L e R
acyl ati on angsofdt@ratdakitedonmite beptmag havaflg @aqheﬁ@g &héwnh to bé pdesit frethe
20  impure mixture can be individually prepared and tested.

Salts of carboxyl groups of a peptide or peptide variant of the invention
may be prepared in the usual manner by contacting the peptide with one or more
equivalents of a desired base such as, for example, a metallic hydroxide base,
e.g., sodium hydroxide; a metal carbonate or bicarbonate base such as, for

25  example, sodium carbonate or sodium bicarbonate; or an amine base such as, for
example, triethylamine, triethanolamine, and the like.

N-acyl derivatives of an amino group of the peptide or peptide variants
may be prepared by utilizing an N-acyl protected amino acid for the final
condensation, or by acylating a protected or unprotected peptide. Q—acyl

30 derivatives may be prepared, for example, by acylation of a free hydroxy peptide
or peptide resin. Either acylation may be carried out using standard acylating
reagents such as acyl halides, anhydrides, acyl imidazoles, and the like. Both N-
acylation and O-acylation may be carried out together, if desired.

40



40 WO 02/ 090503 PCT/ US02/ 14329 1361.009W01 Acid addition salts of the
peptide or variant peptide, or of am no residues of the peptide or variant
pepti de, vmwzh)msps epared by contacting the peptide or anipaa/usot/M3ene or
nore equi val e Soo the desired inorganic or organic acid, such as, for

exanpl e, hydroc?ﬂ ol c acid. Esters of _car boxy!l grqups of the 5 geptl des may
al so be prepared Eihedditian salfs of thgertids Mo@saptRERHAS: o1 ohamyjorresidygs

i nvention al tROBedtide opore (3
am no acids. %gbh%ﬁ;%ﬁ%‘pglargag%n?e&ds caﬁp%éeﬂg%%gfﬁfgﬁgdgﬁgongsiﬁﬁef r0 pepti de
backbones by amiige With bu@osmbet dquivatemtssof tl&mémsdltmxrgamremczrgman a¢idc| ude

cyl coal kyl , cl oal kenyl , and tero c rings.that enconpass the a and 0
car bons of tﬁ%éi“/ g@eb@ﬁﬂed@'%‘é ségréo??q{agxﬁ%O@é r exanple, C3

-8 cycl 0gl kykpides gg@éow& pdEd Waﬁr@mshéw FriefH33s RAWMeh @Bartor nore
nitrogen ato as thé sole” heteroatom and can be substituted or

unsubsi t ut ed. The Thabstentioralss coremplatasicygic Rﬂptldﬁ? qomepogehpliong atar bons  of

t he f3-peptide can he, X n br anched

G o alkyl | TR BRI afily S hyaing Ay e oq bestoiRled Ao hEPEREHS 15 a1 kyi
C-C6 -al kyl B%dkbokred by&ﬁ:t@lt%g)@{bs@l&hé’ﬂts ﬁm%bstltﬂéﬁtﬁ@an ieae ¢ dﬁéoedkylc - C6-
al kyl am no; carboxam’do; carboxam do- Cl - C6- al kyl ; f onam sul fonam do-

Cl- G- al kyl , cyeleakenyj.and, heferm'lho rmtghth@t ercompass-the I@yillltdrﬁ earbersrs thef- bi cycl i c

aryl; o- or,.bi.cyclic terar ms sel ected from
N 70) and0 oo dperd elicof B PP elEr R Ca S G ik

and the i kec y@Balkéhy?BEh &R IR Mgs habitg 046 bf Mofe3ninftd 4t6ms af tHeheld nvent i on
can have an amino acid sequence of forrmula VI: (Zl)p -(Z2)p -(Z3)P -(Z4)P

-(Z5) P - (Z6) petetamym, andzan fe symgjysed gramsypsitasdy T zsulzstmz:mszo n.the ripg. z Z -(Z
20-p ~ 19-p 7 gttpeaarild 3 Barp orl?s6 theBiwg%the can bePror e%%rlorﬁw% ol 115%38 each 71

wher ei n: eac I'S Separa an 1 ger rangl ng

Z3, 75, 77, ZQbraﬁ&Hsd Q1Gs-alkih ,alk?;&?l alapnlyl ZHRirosy-€efiaatityd] amiao- C1 Cs-
nonosubstituted (3-am no_aci d 22, 74 6, Z8, 710, Z1 Zé4 Z16,
718, andl¥20alkyl; s(élp%fr‘&p%ﬂl‘ii‘ya 1&}6 ralkptlei-Ca: AMTios MARPEOT

alkylamino; carboxamido; carboxamido-C,-Cs-alkyl; sulfonamido; sulfonamido-
C;-C¢-alkyl, urea, cyano, fluoro, thio; C;-Cs -alkylthio; mono- or bicyclic aryl;
mono- or bicyclic heteraryl having up to 5 heteroatoms selected from N, O, and
S; mono- or bicyclic aryl- C;-Cg and heteroaryl -C;-Cs -alkyl and the like.

20 In one embodiment, the cyclic B-peptides of the invention can have an

amino acid sequence of formula VI:

[ 22y -Za)o <Zs)y «Ze)o <29y “Ze)y L) 2o -Zo)p<Z10)p ]

25 (Z20)p~(Z19)p-(Z18)o-(Z17)p~(Z16)p-(Z15)p(Z18)p~(Z13)p~(Z12)p-(Z11),
VI
wherein:
each p is separately an integer ranging from 0 to 7;
30 each Zy,Zs, Zs, Z3, Zo, Z11, Z13, Z15, Z17, and Zs is separately a

monosubstituted 3-amino acid;
each Z,, Z4, Zs, Z3, Z10, Z12, 214, Z16, L3, and Zyg 18 separately a

disubstituted B-amino acid; and
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WO 02/ 090503 PCT/ US02/ 14329 1361. 009WOL wherein the cyclic (3-peptide has
a sequence of fromthree to about ten honochiral (3-am no acids.

Supr anol ewolns®vs uct ures 5 According to the present invemCirarsot/s2eyclic
pepti des pr ogwﬁ(gwlgﬁr ein are believed self-assenble into supranolecul ar
structures. assenbly neans that a coll ECtIPn of cyclic peptides can
associate to for m“éleéqllﬁ)F@WF%‘%:@TP&PU“S]MS@C‘F%HE@C%H Bemythiegto abpud gy | ar

menbr ane Wltl’lllout t.he .assi stange of anything other than the conponents of
the cel lul ar ﬂg’r%k? @ g géneral, the physical 10 and chem cal properties
of the cellular menbrane faC| i tate sel f-assenbly of the cyclic peptides.
The interaction between the conponents of mcrobial cellular nenbranes and
the cyclic pSyprayaslegalasSgiuctreyhet her the cyclic peptides are selective
for thoseccel | ul ary res by the
pepti des %f t he mven@lﬂcﬁtIa qﬁ%p‘rgg“g%egﬁrg%‘e%gaﬁ%hr g%jllgﬁgltd?%%&?%gl ng using
cryo-el ect r0ra,remechlemﬁbmassemblecmm(snpldmbfacakat stmcturEmuSeléassbmhb&hmm i nfrared
spect r oscopy,_  and | ecul ar ram) ecul ar str res have been

further char &&térp %CﬂloﬁffFFé’llcé’ﬁBE@‘?s&g‘EG lafeo%fii%’%és@?ré’(’f‘f’ e(‘}Hfg‘Fn croscopy,
and the anal x&u&u&fonedr%tma cemlﬁrfm%faﬁélmbaﬁhgasm%&imé\%@@ﬁﬂmﬂg to the
present invention, cyclic peptide structures that are made up of an even
nunber of al todtemitanrt@e mpongnts-of thernsllaler thembsangu ds gatmal thelphzsiead t 0 adopt

or sanple.a fl rin for t|on bac am de
Punct 1 ond? o eed i RBlre e as SR R il s RS e i ng
structure. Sichillcsdplides: YiHelifiteRREbA Ba&S/cBR AR cofmpoherfls 8Niwolisl @Hukan al so 25
adopt a flat-ring structure. In this flat-ring conformation, it is believed
that the pepdnhsanasisodithescyskiapentidex detemgaes wgeiberatbﬁ eydsrmeptidesmes t o
furnish a con hol | ow tubul ar structure that is
referred to héegyvﬁ%ggthgxgge%ﬁ?gpmg%g Figures 1 and 7). For exanpl e,
control I ed aci di f iFoahition dfsupdakidcnbar sohdiieobs tiafpepeipés afehS8iv&itonl D NO 1
(cyclo[-(An-DDAla-Ju DAa)3-]) yielded rod shaped crystalline naterials
that appéar eds swaered ?h%h%@ihﬁ’f?néméélﬂlgé‘ﬁm&célf%@E@EﬂP BLCIRERN™I zed  bundl es

8f2/ ;[)Iggg'([){’gy Pp %@g‘}fﬁfﬁ 5‘128; , PO LIRS m Lo 8P %cﬁ&%%pw ADHORGERNar 42 VO

modeling. Supramolecular structures have been further characterized by IR
spectroscopy, low-dose electron microscopy, and the analysis of electron
diffraction patterns.

20 According to the present invention, cyclic peptide structures that are
made up of an even number of alternating D- and L-amino acid residues are
believed to adopt or sample a flat ring-shaped conformation in which all
backbone amide functionalities lie approximately perpendicular to the plane of
the ring structure. Similarly, cyclic peptides made up of -amino acids can also

25  adopt a flat-ring structure. In this flat-ring conformation, it is believed that the
peptide subunits can stack, under favorable conditions, to furnish a contiguous
hydrogen bonded hollow tubular structure that is referred to herein as a nanotube
(see Figures 1 and 7).

For example, controlled acidification of alkaline solutions of peptide

30 SEQ ID NO:1 (cyclo[-(GIn-D-Ala-Glu D-Ala);-]) yielded rod shaped crystalline

materials that appeared under transmission electron microscopy as organized

bundles of tightly packed tubular structures. Low dose cryo microscopy,
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1361. 009WO1 according to the method of M Adrian et al. (308 Nature 32-36
(1984)) and of R A Mlligan et al. (13 U tram croscopy 1-10 (1984))
reveal ed worgiovasds nal O striations with spaci ng of approrcratsey432d A as
expect ed foré_% St er to center spacing for closely packed tubul ar
structures. e'c({ ron

di ff ti tt i | i i f 4.80 A
That 15 i ageeuiBato amebeopuphiden 6 Acoh a2 PSTRAT 8 of 11 ght
network of hwwgﬁp' Refiﬁﬁg'@-@z%%crwo%y?rtlrol{@wgﬁevmed1 ihgiami al spaci ng

in the electron ractionh patterns di'splay spacing of 2.670.06 A and
21.940. 05 A clriutians withspadingdf apptueciagielysdS A asyxmeteddpetdic cpatckioregnicf

nanot ubes. Hexagonal l|attice resulting fromthe clpse packi of 10
cylinders of SP%‘P&J@“F“&F]Q’&“&]@ tpya g‘r“%‘?serélg‘it?o(’i‘ ‘ﬁ@&?cﬁ?l? H%tp%?se lattice

pl anes of 5 0 4; &3] HSallsp@ick bf £YCR (R i§ PP RPNV {8 sfabkidgafd A and r
=21.94 A).5 Tﬁlclasrp%é}eér*?ac%gpcilty In thits 6acki ng pr oducegéj%%iflfrgcti O%aspots at

1/r, 2/r, andhsformatioroftight netiork ofimdiregen boadetl b-shesh typEistruetbserfhed el ectron
diffraction patterns on.the ri.di opal axes extend.to third_.order
reflections (CILORR @%m%?itbfgg?%@%ﬁwﬁ%fl%%é% A 0N state of
nanot ube stryotdye9e ATRR 2 6440803 A QRarBetbi ICNST atHeX OponAPYERIY cedtetti t cel | with
an angle of 99 and no other symmetry than the center of symetry pursuant

to Friedel' s paeking Af ndnotubesli Hexagooaldhttise psaliink diom He clase peelingofodel was

built usipng th ar ters,.obtained fromithe electr i ffracti-on

pat t er na i e B PR i B R S T B e Mk pARSIEl i rer).
b=c=25.66 A (Rd2r SRt )as tiohdQbseragthds (A19%7.A Iker apded Ashtne structure
factors simlar to the patterns observed in the electron diffraction thus

supporting t peripdisity Selisnicliag pmdvsessdibietionspris at I/pven, padenen.gnd at

i nt er nol ecul ar, g opdi ' = |} ly is also
supported byqlérT- (gigbé{gitgr%o@égg}g col%g%]rg?({/é;lf(‘é&d%sag%%grgﬁF%\tg&?%&?ﬁlgo nmet hod of S.
Krimm et al. nfeMiNentesesiextdidad tirl dzhareRédtivhs (4AhA) sigrifying thdordefedsal |, J.
T.; Richards, F. M Eds.; Academ c Press: Olando, 1986, pages 181-364).
Nanot ubedSdi ¢pfl spystaiineatate pf ranotubetrpeyteasy die ditfractipngréiems alspsheved e

signified not, or . e ] ° - M cml1l and an
am de Il band u%?ﬂc%g%t%% %ﬁ?)dalaglgrﬁg? tﬁg}r@&%&r&%ﬁ%&ﬁ@&t%&fim ng
frequency 30 sginn@d9puesiait o Upiedeltsilng. formation of a tight network of

hydr ogen bonds. The IR spectrumis simlar to tubul structures that have
been di scovered i‘hties-dimensipgsl SéRr&Hgﬁlleé}‘ﬁiﬁéWb“tt‘ﬂﬂﬁd‘P%‘%{ s EEﬁWH’@tP%r sone of

the present Q)%ég% obtained from the electron diffraction patterns—unit cell with =9.6
20 A (2x4.80 A for the antiparallel dimer), b=c=25.66 A (2x12.67+Cos9), 0=120°,
and B=y=99°. The model shows structure factors similar to the patterns
observed in the electron diffraction thus supporting the proposed three-
dimensional model. Involvement of intermolecular hydrogen bonding network
in a tube-like assembly is also supported by FT-IR spectroscopic analysis
25  according to the method of S. Krimm et al. (Advances in Protein Chemistry;
Anfinsen, C. B., Edsall, J. T.; Richards, F. M. Eds.; Academic Press: Orlando,
1986, pages 181-364). Nanotubes display characteristic IR features of a 8-sheet
structure signified not only by the amide I bands at 1626 cm™ and 1674 cm™ and
an amide II band at 1526 cm™, but also by the observed NH stretching frequency
30  at 3291 cm™ supporting formation of a tight network of hydrogen bonds.
The IR spectrum is similar to tubular structures that have been discovered

in nature. For example, nanotubular structures for some of the present peptides
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43 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WO1 can be conceptually related to
the structure of crystalline linear Gamcidin A that is know to form

di meri c Owbekiogsb3 structures. Gramcidin A has amde | baodasat/148680, 1685
cml, an am de II band at 1539 cm 1, and an NH stretching frequency at
3285 cm 1. \H\/l Nk et al. in Bi ophys (1986), vol. 49, pages 5
1147-1154.) 'Plaebeb@@epfeléllf r@qg@tvctye@nruqmeﬂf ﬁ@ﬁ@ﬁinﬁdlmﬂ@r%ﬂdé} tes to an

average 1l e AR oS ARSESle dndfafbabel Soldhichps raghAgEgNt i th the

val ue of 4. om "he electron di tion
patterns. Thebaﬁ@srz& 155@,61689rcm nteanale mbmmatasw of'sald arelSHestioichihgnanot ubes
can be adjusted by the ring size of th t| de sgbunl tvo?n})d oyed. A

twel ve-r esi ddEquencyp2ed gapt (M N3k et r’é‘ %ﬁyse{( ges
cycl of - (Gsn- %%qa% ﬂe%@@e&ﬂé@%&y‘&ﬂ%&%hﬂ@ﬁo@e I RIRERH aRf about 13

A. The eight residue’ cyclic peptide cyclo[- (Trp-D-Leu)3-Gn-D-Leu-] (SEQ
I D NG 2) has aaexdgarrﬂzd&rmbunft daaqnmce)of Ao t;hat?xsfm clasé wgrdcraaﬁtveth thAvalycI iC

pepti de haV| NQ, 2 nt heti c. phos dyl choli ne |i posones
di spl ays an RO P Sadendents S SRS T BdiongatE Sed N 1
stretching f r eque pRte .ﬁgg%r fifrndl &1511%&15 pré?f hssERB IR HaRGtuBEs can bei ght

networ k of a-sheet-1like drogen bonds W'th an average iIntersubunit A o
di stance of 4djustkdtby the ﬁng,&smé‘ héthﬁIpapt;derSUhgllstrapleded:yAItWCIVpemuihdaes of the

present invention are not on str ctur ose

it or ol dBut dvchoeaidesristireotr cSebig Lot atE AR AT ASERIP 1 o

sel f - assenbl ey@N) %ﬁk%ﬁﬁl@etéﬁ&ragmﬁb AeThe éﬁgﬂﬂéﬁt}@@cﬂﬂﬂ@ pepRdd BRIl i ze cells
t hrough formati on of pores or other nmenbrane destabilizing sStructures.

For mati on of (§quaIn®i)eGm -BrLat (}AQ MR NQ:Aphasgahapetenebdpproximaiebnbp anes  was
also inferred fr rot on trans act sicl wer e prepared having
25 pH 6.5 méAH’elﬁIH feh i §YGICPRP ‘ff’ehaé{liigs%%@%m&é‘am%ﬁ?ﬂ? The col | apse of
the inposed p ogﬂﬁdaﬁﬁoun@ 1¢ph§§§es\m§iw}ls%$m%zwyw{d AN604 chHanput ati ve
t ransmenbr ane chann tructure, was studied by nonitoring the fluorescence

i nt ensi t y5of aawbesivehNgEatreirhing fisnuengs a2 quv. that ﬁmpﬁﬁcfﬁlﬁ@ltloépfal in JAm
(?Sglmo[ S ?'(I:'r p( %@ﬁgﬁgﬁ%fél %}heis_ Eg% Sdr%g%é(?a% Nﬁﬁ%?llazvgragﬁ g{t\erglé élinhtl es
suspensi ons GRMUsRSe ofi4. 7TRR flgdol | apse of the pH gradient.
The flat, ring-shaped cyclic peptides of the present invention are not only
structurally predisposed toward intermolecular interaction, but are also
20  energetically favored to self-assemble on selected microbial cell membranes and
permeabilize cells through formation of pores or other membrane destabilizing
structures.
Formation of supramolecular structures that can permeabilize membranes
was also inferred from proton transport activity. Vesicles were prepared having
25 pH 6.5 inside and pH 5.5 in the outside bulk solution. The collapse of the
imposed pH gradient in these vesicles, upon formation of the putative
transmembrane channel structure, was studied by monitoring the fluorescence
intensity of an entrapped pH-sensitive dye. (V.E. Carmichael et al, in J.Am.
Chem. Soc. (1989), vol. 111, pages 767-769). Addition of peptide cyclo[-(Trp-
30  D-Leu);-Gln-D-Leu-] (SEQ ID NO:2) to such vesicles suspensions causes a
rapid collapse of the pH gradient.
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44 WO 02/ 090503 PCT/ US02/ 14329 1361.009WOL Uni |l anel | ar vesicles were
prepared by the reverse-phase evaporation using DPPC, OPPC, chol esterol in
the rati owofozhdsn®2 in a solution containing 5(6)-carboxyfricaarseyesen (20 mM
i n phosphat e{lfﬁgl’dg buffer: 137 mm Nadl, 2.6 mMKC, 6.4 nM Na2HPO4, 1.4
mM KH2PO4, p . ggﬂccordl ng.to the met h g 5 of F. Szoka et al. in Proc.
Nat|. Acad. Sci. aped 4’183351%Iwer73re%r§§ ¥ thejrgaersorphgse el‘_’i‘%%téﬂ?es wer e then

si zed by mul gglag?)f% OB @R AoAERYANNBAIANOL (K ) soldfbY EhRRR! & MBnbr anes

(10 tines, using G. x0.4 mcron ter stacks) and the
unt r apped 5( 616)exarﬁmyﬂﬁdmesrreas@@innl\dvm$>homlnamédhineyblsffezel37e1x1M NeCbiR.6

phosphat o) ARG b AT Lea TG b ATEM RECR DL ki o teb B TFe fogod | ,

Bi ochi m 5Bi @pkySzokA%t &, {nlBr6R) Na Hcad St Uﬂ@@l@ﬁ’S?'v%ﬁ 75Vesdeshess-formed in
this way are approximately 150 nanoneter in dianmeter as determ ned by

el ectron m cHd9%obiposonier, Wr@thwedm mlﬂtlpb%m@on@kr@gh Nuslopppes®t y Press,

1990). | h t 3.5 10 3 M
o osmhor + gpbestoREs TEMbried (Y cikr. SDsh R AR LRI At 5 >
mM KCl, 6.4 Nedkiy@4d thelurfra K{&P@t )cz&B@ixﬂ'luaﬁd%dem maare’lm@\redq;yasiztez cuvet te

cket ed

inside a stlrrlng t hernoj a nple hol der of the flugrescence
i nstrunent asyclagon Phﬂ@ﬂb’&f%arﬁlb’ (Q‘pr@d?’bﬁ 2becolym bk 3 ey uHNGHSISR@ESt i rri ng.

To the cyyet eoc hcRuah. Bk ALEEAAL POleimeRS 81 Bisod B ARBAME,T ssol ved

i n DMSO nuous fluorescence 20 nonitoring at
(excitation @®iophifl Aund (197BE vobSE7,adedt223 Wesielet fiemednnthinivay ek for

conparison into the fractional change |n fluoresc nce ( | 0-1.t ))
(V. E. Carmi cRa@oxgpatgly 150 ganomgfer etejps de 8@;‘ roﬂﬂlc‘)"ﬁ ¥s 767

769)) . Contr?#lébul%\%sEd%pbgo%s @xﬁ)maurﬁ@érﬁﬂslereg’g 19@6)bm£éhuorescel n dye 25

entrapped in'l'i posones, indicated that the collapse of the pH gradient was
not due to tekperimgttifd myobihe stoek Ivespdsscntetsom@d)d@é Man phespbelgitls)anount s of

organic ol vent (<2% | n .t tu Fu re, the
cont r ol gept"Yaﬁ@ %ng%f%n@eﬁ%i M‘é@kz t‘ﬁ@%ﬁbﬁo&ﬁ?ﬁ “Sur face
characteri st I1Q$Kﬁ9rfo4matpndcb@m zngcmnfl@rt& bevdtic RRS@IESirridlg BferMBfackéted! ay any
i on transport activity under 30 simlar conditions. A second control

peptide cycl eimpimbiidor Af thePhweyescdnee rstrutvast andtequidibsatedin 25 Wyfrdphobi c
e D S S e b haek, e LAPADS O] Bt R 4 RALED 1
the peptide dissolved in DMSO was added with continuous fluorescence
20  monitoring at 520 nm (excitation at 470 nm). The observed data were then
normalized for comparison into the fractional change in fluorescence ((Zo-1;)/(Zo-
L.)) (V.E. Carmichael et al, in J.Am. Chem. Soc. (1989), vol. 111, pages 767-
769)).
Control studies, monitoring the release of carboxyfluorescein dye
25  entrapped in liposomes, indicated that the collapse of the pH gradient was not
due to the rupturing of the liposomes nor due to the small amounts of organic
solvents (<2% DMSO) employed in these studies. Furthermore, the control
peptide cyclo[-(Gln-D-Leu),] that lacks the appropriate surface characteristics for
partitioning into the liposomes, does not display any ion transport activity under
30 similar conditions. A second control peptide cyclo[-(MeN-D-Ala-Phe)4-] that has
the desirable hydrophobic surface characteristics but lacks the propensity for

participating in extended hydrogen bonding network, was also designed and

45



45 WO 02/ 090503 PCT/ US02/ 14329 1361.009WO1 tested for ion transport
activity. The ring structure of this peptide is N nethylated on one face.
Such N-nmewbykzabison does not adversely affect the abilityPpaffi/usemiqsepti de to
interact with.lipasQmel nenbranes but predisposes peptides toward a
dinmeric cylindrical structure that _cannot span g normal 5 Hposomal

menbr ane. Thgﬁ%g,tedaﬁo_f HOUEHSRHBAGPY i dac Aa8 studpred s perRsidsds Nt i on o
effectivel v ¥ ibioRO78Bace! SulfRoindRlIaREPEREGOPLAARIY SRARRRIL activily

in the above vesicle experinents. Toget t hese experinents support the
i dea t hat notabilitpmbfthapeptideco sutehacichah hposhnsp heydbdares baywedispgsept | des

inportant for nepbrane . ipteraction, but also the peptide backbone shoul d
be able to p&FPH Sﬁ%‘f’@diaﬁﬂ‘fﬁ”%%lgﬁﬂl@@ %%JYHF‘@F%?%P%%?HPQ%S%H%PBHE bondi ng, for

exanpl e, %0 flﬁaﬁ&drﬁél%&nﬁfﬁﬁ@rﬁﬂﬁ, alﬂ%ﬁ%ﬁﬁféide.?ﬁd’é habeeMiRS Mttitidne The
present invention is directed to nethods of treating or preventing 15

m crobi al i nfeéfettivehsintnliposomest dosgsotpromotgsprotdndrangportradtiyitydudie as farm
animals and birds..These .met ho i.ncl admi.ni sterin Q. imal a
her apeut | caltPove Gsiell BREETRHGL PetP, Sk AP RlehlsibPg: t AR pa R
invention. Tioaftir8MHe side cHains dﬁslgﬁa?/%'d B8 cytlicyepliies inipdttast fopAfembsanent ended to
include the alleviation of or dimnishnment of at |east one synptom

typi cal | y asdueieragtien) b elpo the@eptideacklepne showldpgablerta partisinataiiso i ncl udes

al l evi ati;gn ar, di,m ni 0 t e e
treat rrentlecu%étsegdéea ‘E;l"t gﬁ%@fﬁ%’fﬂéﬁyﬁo@l géﬂ)? ﬁéﬂnglg?%tr?g%hgg%} %Pratgpi m nat es
t he synpt ons pagaebilddadonw th the infection. Mcrobial infections that can

be treated by the present cyclic peptides include infections by any target

m crobi al organisnms that can infect a mammal or 25 other animal. Such

target m croljiadhofs gpﬂlk ms include essentially any single cell organismor
parasite that has a cellular nenbrane and that can infect an ani mal,
i ncl udi ng manmal s.Thepresextanpdngion tisdigeetedrtp aratiidslof ineatang arpeeventhgide

bacteria, _ fungi,.yeast.strains and oth single.cell qrgapismns. clic
pepti des lar e M {qb\‘/% InfEFAnA St @ BBTHR Taéﬂﬁ(eﬁa&t\[;%é‘nﬁwﬁsﬁ}‘&h%p%gﬁap%a acteria.
30 Hence, forng%aaP! Ehesk Meffdds AtudfadhiifisfeAhs RMHB Anindi] dQherBpatioRiyal

organi sns can be treated by the present cyclic peptides: Aeronpbnas spp.,

Baci | | us spp.cffeBactamaingeba eynhic peptadepyf]thbpresant inygption. Cligstmangiphier spp. |

sEBt erobact er tr%ggﬁg, rrll':igrto {ar5i3E&idRs ?sqgt'ehde%st%qgglhgeht'hg aﬁP\Hation%?‘fsotrr ospirillum
diminishment of at least one symptom typically associated with the infection.

20  The treatment also includes alleviation or diminishment of more than one
symptom. Ideally, the treatment cures, €.g., substantially kills the microbes
and/or eliminates the symptoms associated with the infection.

Microbial infections that can be treated by the present cyclic peptides
include infections by any target microbial organisms that can infect a mammal or

25  other animal. Such target microbial organisms include essentially any single cell
organism or parasite that has a cellular membrane and that can infect an animal,
including mammals. For example, target microbial organisms include bacteria,
fungi, yeast strains and other single cell organisms. Cyclic peptides are active
against both gram-negative and gram-positive bacteria.

30 Hence, for example, infections of the following target microbial
organisms can be treated by the present cyclic peptides: Aeromonas spp.,
Bacillus spp., Bacteroides spp., Campylobacter spp., Clostridium spp.,
Enterobacter spp., Enterococcus spp., Escherichia spp., Gastrospirillum sp.,
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46 WO 02/ 090503 PCT/ US02/ 14329 1361.009WO1 Hel i cobacter spp., Kl ebsiella
spp., Salnonella spp., Shigella spp., Staphylococcus spp., Pseudononas
spp., Vi bwoo2ep03 Yersinia spp., and the like. |InfectiomeTiusar/143an be
treated by t 615)9@,?)§:nt pepti des include those associated w th staph

infections (Stap ococcus_aureus), typhus, (Sal npnella typhi), food 5
poi soni ng ( EteHer C’@Fﬁraip%o({fle,bs@ﬁﬁﬁp% @’TS"@W&PP" @6}1‘!’ FRR-y dysentery

(Shigella d ' 16PN dpiRpIagp 2 L AActhOlike.
Pseudononas X‘(P; p%%?g()ac,)u 3%1%%@%??6h0|%§235 %}‘u&?'ggrg@a( Hel i cobact er

pylori) and dtfeeticns tifat cacbe irested by theer&taiheapiidérincinde thoserpispeiatedd i n t he
pat hogenesi s qof diar.rhea emprrhagic coliitis, h | yti.c urenkc ,syndronme
(HUS) and th%wn%en*%_evm@ﬂg%f%%wwwrﬁa’aP%s W’%@”ﬂ’ﬁy_é’h@gt;‘{%es of the
i nventi onsar &,RbsiAg #Edn¥AchiAesi; Neth 8§ 0057 HT), Yaddillarg R séhudrl i(PhiYellly Ug

resistant strains of bacteria, for exanple, nulti p%- resistant strains of
St aphyl ococcysseateraprgnaionian Csadomanas agsiganas asy ot seudqihonas

Ent er ococcusf aeci. um,and t er ococcusf i i - m,crobial tivity can
be. oval uat ed “GaGTayiia Lo TR EFEEFAT AR A NG

avai | abl e t 0 coigerofyps kil 57:H7rhak beersiiiplicAtad in thc patlopedesisaddiaritiey, f or
exanple, is determned by identifying the m ninuminhibitory concentration

(MC) of a clempehpgpeelis, Bemelytic gresue syndrome i Vsnapddropbiifent s  growt h of

a particyhar 4y i |.es. i inveftid 41 Lde activity
is the atllr&[))untﬂWS%%tB %ggé)eé%?mﬁ?égirp?{%s&gg&%o@%gl m c(%no e%rs\%%gt?\vezo
measur ed usi ngaigitainnaradistms endmutiipdedrugspostse sireink odl bactdiieg for esent

invention also provides a nmethod of evaluating therapeuytically. effective
dosages for F?‘%P?ﬂ’@“ﬁ‘pﬂﬁ‘ﬁqsﬁfﬁnéftral‘?ﬁ‘éfc?‘i"’g’r’{}w Wsﬂﬁq’ﬁgéngﬁélﬂﬁo &8 descri bed

and cl ai med hes@if stiiat of Pri-HIBScH4 R MdBnihRobhRifd s | Nhi bi tory
concentration of a cyclic peptide at which substantially no mcrobes 25
grow in vitro. SudmtiamiszolhialhacpEityrcansbeceviabialedtagamsiothesevarighes @i mat e anount

of cyclig¢c peptide needed r vol to inhibit,. mcrqbial.growh or to kill
S0% of  he’ herBBLETEREOR seaTiante b RUb b hh hlu AL e by

standard M ggdiy, WrieRBmPR, R ermhRd bs@diffing theshimieEmOhhiKiteFobi al cul ture
tubes containing the sane volune of nedium and the substantially the sane

anount of 30 conasniiéen Q)M esaelicpeptide obe Mrsquignverionylatipeevisalst i de i s
scdes Tne By SRR TR BBl BB L1 N,
cor r espondi ngctivatyois ¢he Andudif of the peptide that kills 50% of the microbes when
20  measured using standard dose or dose response methods.
The present invention also provides a method of evaluating
therapeutically effective dosages for treating a microbial infection with cyclic
peptides described and claimed herein that includes determining the minimum
inhibitory concentration of a cyclic peptide at which substantially no microbes
25  grow in vitro. Such a method permits calculation of the approximate amount of
cyclic peptide needed per volume to inhibit microbial growth or to kill 50% of
the microbes. Such amounts can be determined, for example, by standard
microdilution methods. For example, a series of microbial culture tubes
containing the same volume of medium and the substantially the same amount of
30  microbes are prepared, and an aliquot of cyclic peptide is added. The aliquot
contains differing amounts of cyclic peptide in the same volume of solution.
The microbes are cultured for a period of time corresponding to one to ten

generations and the number of microbes in the culture medium is determined.
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generations and the nunber of mcrobes in the culture nediumis determ ned.
47 WO 02/ 090503 PCT/ US02/ 14329 1361.009WOL The optical density of the

cul tural WBdlizmmsoan be used to estimate whet her ni crobi alPCgrusoe/i3bas
occurred - if.Ne.8c9ni ficant increase in optical density has occurred,
then no si gnl?l cant m cr.obi al growth has occurred. However, the optical

density incr de optical depsity; of tpruliura) meitn faboesed te éﬂlmq‘BW&‘@E}‘SF mne 5 how
many mi crobi glict iéhgrav@tmwo&\luh\é@ @fﬁ@&gﬁ?ﬁ%ﬁl{ﬁ&e Qih B?tl&}'ﬁédsﬁy@ﬁé)t ide, a

smal | al i quot o cul ture nmedi um can be rermve he tinme” when the
cyclic pept |odeurresl thetded S(grmﬁmnizmom()blalrgtowﬂvehasaiccmreghlwaww,ef thal s
t hereafter.

cul ture plat 8P4 t‘Eaﬂéle'gﬁ”é'tlgcr%seg%%fcé@%%g%h’%r?é?‘?r?eéiﬁgfoc%%%f%%/gb; gl

mi crobi al 5gr ewiin iARA @0b RN aRRPERE expdire tdAhdeyang peptidel Rose
colonies is counte According to the present invention, the cyclic

peptides pr ovingd dlinesteif the cidiurpomedinmsan dasernayad ai thegime midies theeryclioxi ci t y
agai nst HBHTT%[BEI”? 1; g%ée%ll(g ZQF ) aﬁ% bR aﬂe fh %tgil;'/ fmﬁlere&f?erb %h% éu otd.

Manmal i an or enoly e whet her a

cyclic pepti @€cglaite @ddsitn mﬁ@uroaw atmmcblwcﬂﬁrea;gauenﬂlb phaetssheatedel | s or
the cells of other animals to be treated. If a cyclic peptide can

sel f - assenbl @nggr coBdONREGIGHCIXE EhmicrakiahaPIEhansk Wé‘ﬁ? ﬁﬁ]Pn’(?élaPPeaﬁé%r ane, the
nenbr ane ;gay b vdi §ft}{9§eeé$ ont&ds p&ﬂﬁ&i cells are conveniently wused to test

for menbrane Bl sruption, ecause t hey undergo henol ysis, which can be
detected as the reﬂoeasﬁg)ﬂo thepmgdmlmvrenﬁommhet¢}el1cpb1bt1deb1@myhc§eshlsra'ssays 20

can be perforned by nethods available ta .one of skill .jn t art. For
exanpl e, af tdéﬁoéﬁ%’ég Sibstanfal rdind SAHeLy agamst F’@FE%@@“GF nté‘al obi n can

be observed  SREGEJHRGIARRAED beGhiel. Man%él%wmrdtre@b%a%maﬁsly@w light at
wavel engths characteristic of henogl obin, for exanple, at nm Contr ol

sanpl es can leonamsadto mcﬂsu@mlmﬂmac{yhlecnmﬂudanamcauﬁhumﬂﬁtrhétmllys are tested
or nmint nedca 25 selv zerp b k.Aeodcanc.beusedto
St orm na5 e sumaliatcsR oB kSR SEaRS RS IO REERIL! BackBle o b
sanpl e that ipgphidiesahiseillasdetbldBy hR64iati TR b inddinGiglidn sramphd ceyt whi ch had
been soni cat ed to conpletely disrupt the cells. Additionally henolytic

agents such aephspnd, thamembigng say beylisseptedt Redelepd cellsase spmvsnisatlyised t o
establ i dh 1091%c{]t%qgst ¥(§IJ rﬁet%gra}lg ﬁlsrd’p?gn,brleggﬁjse ?ﬁé)J Lﬁldelsg% h%ﬁ{o%esng, Qs says

can be detected as the release of hemoglobin from the cell. Hemolysis assays

20  can be performed by methods available to one of skill in the art. For example,
after exposure to test compounds, the release of hemoglobin can be observed
spectrophotometrically by observing the absorbance of light at wavelengths
characteristic of hemoglobin, for example, at 543 nm. Control samples can be
used, for example, the medium in which the cells are tested or maintained can

25  serve as a zero blank. A second control can be used to determine the absorbance
value for 100% lysis or hemolysis that can be a sample that is identical to the test
mammalian cell sample but which had been sonicated to completely disrupt the
cells. Additionally hemolytic agents such as mellitin or a variety of detergents
can also be used to establidh 100% hemolysis of test red blood cells.

30
Screening Assays

Screening or other aséays may be used to identify, confirm or evaluate

cyclic peptides that can selectively interact with, rupture of kill a microbe or
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Screening or other assays may be used to identify, confirmor evaluate
cyclic peptides that can selectively interact with, rupture of kill a

m cr obe owoO 04890463 02/ 090503 PCT/ US02/ 14329 1361. 009WOL otrlagrusomid32e ype of
interest. A V\%dﬁogv riety of assays may be used for this purpose. In
general , suc A séay can involve contacting a mcrobe or other cell type
of interest wihencelltypeatintemse. &ywidevapeptaf@esaynmayibsarsed g ket her t he
cyclic peptide interac i ] . cel | . i rest
and/ or has 5P4e1% 'eﬁll eﬁélsalé%%ﬁg?@auﬁgé&tqﬁ\é@(’?ngéﬁrlg tlé&garllﬂbc% e‘reor%fgfe;r @%lgpe.

Met hods avai Il of ihtereshweitiat leadiond eydis@epfidy ardedbserviny whetidrehdieycliche

cyclic peptides of the invention, for exanple, jnteract with the nenbrane

. OT, | e
of a cell t)P’ﬁlé“‘%?fmteﬁ‘tcésr‘ég}ﬁ?nFB‘iOb%QE?FBFre‘feHéVE‘T plinjsaest ppder ]E%?_n be | abel ed
wi th a repor td@fetexﬂ%_gg @ﬁ%ét?u%&?thaﬂﬁfc%ﬂe%r@ﬁ{e?%ﬂ cOf the peptide. After
Ic 10 pepti

| abel i ng, the cyc es can be contacted with the cell type of
interest for a ti Methods ayadahle ircthadittchwhs usddafor getemminingi witkithey ther

i ati f th tide t | ]yl mh T | b hed
w o physt ol agrteerlif e et G RoBiRR S R e o 1

peptides, andefl RPeBfeitORAS Mk c&fhpls, Golic péRidedan RDBBENEithQ tain
whet her the reporter nolecule is bound or associated with 15 the m crobes,
cells or cel mdlequlabpipeamits detepticinefithepepsidso dh iariabelisgethetydici 11 in the

whet h h | i c..pepti i h
oL oo 355 RS UL GRS SR o PR S BBP L L,

done, for exasmdifondHatpeamitintingbreisbasiatione fiigpssptide tedleddtl € remai ns
associated with the cellul ar nenbranes of the m crobe or cell type of

interest or 2enyaraer he kelly @pdiereshebit phusipagisAERluions & wmayewi th the
interior of tungom{@ ruQQs%oasteggpéué%e@ﬁg&t aﬁ@ﬁq%rn’ﬁgfogegsnlgf%ltégﬁré fRheeul es that

can be enpl oyed 1 ncl ude any ect conpoun r aval l able to
one of skill obsgertdictoastertairatvhéetheraherapgatedoledule échdundarr assodiateglotitly t o a

cyclic peptide of the invention. The |abel. may itself be 25 detectable
(e.g., r 1ai oiﬂafowﬁ%bqw@ﬁ or gllufqr pesrayeRsst maﬁéh%r)enbqulmﬁnttw skl of an

enzymti ¢ | ahelne fin 98t Yhide: BRI cpRlibS) ahl Rficfleld piithily @k compound

or conposition that is detectablé or nolecul ar epitopes for
pr ot ei n/ ant i boahybremgstofi particalad mi@bkestdrother Bekdededlbiypef Fas ey bpon t he

m crobe or cell t ype of i prerest .can g s ebe o 0 dgfeg&te?gme%ﬁs an indication
of “an | nt er adenerohgedistn b Sk Bughdee o
associated with the cellular membranes of the microbe or cell type of interest or
20  whether the reporter molecule becomes associated with the interior of the
microbe or cell type of interest.

Reporter molecules that can be employed include any detectable
compound or molecule available to one of skill in the art that is conjugated
directly or indirectly to a cyclic peptide of the invention. The label may itself be

25  detectable (e.g., radioisotope labels or fluorescent labels) or, in the case of an
enzymatic label, may catalyze chemical alteration of a substrate compound or
composition that is detectable or molecular epitopes for protein/antibody capture
and detection.

Deleterious effects upon the microbe or cell type of interest can also be

30  detected as an indication of an interaction between a cyclic peptide of the
invention and the microbe or cell type of interest. Such deleterious effects may
be confirmed by any evidence that the cyclic peptide has had an adverse or
cytotoxic effect upon the microbe or cell type of interest. For example, one of
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invention and the microbe or cell type of interest. Such del eterious
effects may be confirmed by any evidence that the cyclic peptide has had
an adver swoor/090593 ot oxi ¢ ef fect upon the m crobe or cell tgpaSot/143n4 er est .
For exanpl e, ,one Q49 WO 02/090503 PCT/US02/ 14329 1361. 009WOL skill in

the art can test, whether the cyclic peptide(s) kill the cell type, or cause
menbr ane depdkBkinhg b pandtestydrcthes ghq GysHe P?Pﬁ‘dﬁzs) %‘HLthﬁ\Qﬁﬁ PR’ CG%/’E@( he

m crobes or f i : gl 1 r reeni ng
%ﬁﬂraﬁé’%@?@zaﬁﬂ{aﬁr aveabqézal%ﬁ bf e AEmbALE She RG0S

assays for c C pe st e low toxicity for normal human or
ot her ani mal ocetll g/pbuidf inteagst.nave good anti- mcrobial properties

(depol ari zing or perneabili.zi ng mcrobi.al cell_. nmenbranes ing or

ot herwi se Kkilli ngQ#{ )‘r.ltegg © EFETIRE HEPYS %E%%WGBWW%%Y‘Q i nteract
wi th normgl HeWRekiGty R R6fmaAMufRh of BlhkSarifial QIE bastHahEWeHABE ahtew t OXi C
effects on such norral human or other animal cells. 10 Generally, in the

testing of mumhiciobiadppapoettied édepalgsizingairipeymesbiligingecrobial celansrobranes, i n

el w diff . ' e i G ' d
Gt feront " corteat vat FoNA s AFRRIGSpr Rt AP IR " ous

concent r at i ORgteralyWitk abinyal hainah @asthepMEmabedls @b @SR Yhéyshdvedewdedc i n t he
testing. Such a control can be a negati ve control involving exposure of

t he i cr obes effiects 5n sueh roraral hympat esatherangngisgts-ol ogi ¢ sol uti on cont ai ni ng

no cycli¢,pepti de. e : ' : : m cr obe or
cel | typgoof i nt erGeés%tg&?lg’ 1%1 tlé%/%?‘lt‘ﬁcg%fprggl?ﬂfg)\éphg(% aﬁﬁgg&gwgaa%a}}gggen observed
t o adver sel y paffbeedd inlparaifeLwithdiffaretelytlic peppides)whichi mapbt intoducedsaecond cel |

type that is related to the microbe qr..cell type of _interest. Another
control can idhﬁf?fP’%té’OE‘keﬁ’é@Pﬂ‘bst&‘%i?faé‘??)ggfe&?m’éHeF Wppe e VRHPEY est 20 to a

known therap%h&eﬁtf@g&g{r@t gty@%}lg,aa% 1R ofFoBfE 846 iRudedsn MeaEaRg. or cell

type of interest, , an anti-mcrobi"al or cytotoxic agent with
known ef fi caaygh acomrgann be anagatvevorimtlnavdlong sxpehusagighe Meaobds ki || in

the art n readily sel|ect, control .conpounds. and conditi.gns,that

facili ta_ﬁg S&Eﬁs %ﬂ)ﬁ%fﬁff }OO%gh}fSt%%f _ﬁaal‘f‘téémﬁp@itql?:mﬁélﬁtc?'glécsp%’fl e'oﬁ‘fla?’ﬁred froma
wi de vari ety cghtrSIQUh EBDIvelexpbiifit BEihBGhikioBE of L&BtypE of Mftdrtst tPERYdIRES
generated as described herein. Cyclic peptides can also be individually or

rational | y despidedtatdrad abgatythesn pbsried thadecrsedypafiedtitlee miareheancgll f eat ures
seleeted oY o Sl e kDS e A5 od WA MUAIAED Gyl
m crobi al or jnersRl Aihécoadlrtah it@lve dxppsing amib@be or cell type of interest
20  to a known therapeutic agent that has a desired affect on the microbe or cell type
of interest, for example, an anti-microbial or cytotoxic agent with known
efficacy at a particular concentration or dosage. One of skill in the art can
readily select control compounds and conditions that facilitate such evaluations.
Candidate cyclic peptides are obtained from a wide variety of sources
25  including libraries of cyclic peptides generated as described herein. Cyclic
peptides can also be individually or rationally designed and synthesized to have
specific structural features selected by one of skill in the art.
Any cell type available to one of skill in the art can be screened by these
methods. For example, any microbial or mammalian or animal cell type can be
30  screened to assess whether the cyclic peptides of the invention can selectively or
non-selectively interact therewith. Such microbial cell types include any single
cell organism that is capable of autonomous replication. Examples include any

bacterial, fungal and yeast cell types. Mammalian or other animal cell types can
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30 screened to assess whether the cyclic peptides of the invention can

sel ectively or non-selectively interact therewth. Such m crobial cel
types i ncwode/ngty3 single cell organismthat is capabl e offcautsozyossous
replication. &gs include any bacterial, fungal and yeast cell types.
Manmal i an or other ani nal cell_tyges cgn 50 V[)é?[090503,PCT/U802/14329
1361. 009WOL a@fsederseresesciarnaseriol Waetber'ae RERUJES ALTCIMENBRDINERY of the
nvent | on LNtk @Gin ahdI6¢ & WeldimARArAWnfith %Eﬁ%ﬂh@%eﬁﬁde@%@ftﬂerimé‘i@i%hher the
pepti des of the Invention o not interact, bind, Tyse, kill or otherw se
adver sel y af fdectot irteractj bilnid) liysey kot ort dikerwnsradutrsely affiectahteiabiity abthecel | type
of interest. 5 In one enbodi nent,. nma lian red blood cells are screened
with the cy@WW@nﬁﬁﬂ?&é5?¥%”%§68¥P@gﬁﬁ%ﬁgFﬁer the cyclic peptides have an
adverse effect on bR emBOMiRIROthaafthdlfun rddBloBB EBIPAE Screénddasitipiheod cel |'s
tend to be nore sensitive to [ysis than nany other manmalian cell types.
Hence, red blcyolit paptides tarascestainiwbéthér thetyclicypgptidashaye e kdversseiigetimg

whet her a cyclic tid | d be 10 ed t rse.effects
on these or ?%gﬁﬁﬁgﬁHﬁﬁf:ﬁH%%WFE¥?%%§ﬁ£ﬁ%%¥%6ﬁgsggﬁg%ggéﬁﬁgég?%&enannalian
cell lysis anglwahhdhlgy bfhet Me@matalian Bl types aHplce, red dilowd qeiloaedur es
described herein, red blood cells can be tested.to ascertain whether

henol ysi s hadisefabealkype fpyamickibprsesnmewhether aeystic prpsideyyauldbe pept i de of t he
inventio kg4 i j [ ittle 15 or
no undes?9egQﬁéﬁ%%§§??€§?ﬁf%ﬁéﬁﬁgg%agEP??%gﬁ%&%39%%§H%§§§g§§§§5$nst ot her
manmmal i an celMethy@ss sorecning dorf aamimalian eadl tyss biferayailable irathdartd Fani mal nodel s.
Condi tions for screening cyclic, peptides.include conditions that are used
by one of skiCKPMPl, BHBS Bioee uéesg‘}eéWPbeﬂgﬁeFﬁ‘%ir?Aﬁ]Pogf e B4t Qre cel |

types of in HehRBski i r

condi tions V\/rt?géegahvggéhéro WO (lzléjfE)ag Oggglfet%ﬁ%)oggg Hésgfé)t@hag%?%(ggﬁggmgf t he
cyclic pepti gpepsde ofGbeinventsonc aiWhbeit ipestdbdisinsldhattreryslic heptits| dausey pidtée ar e

D g SRS R oL EEL A bR T B RRRES 2 e

vi abi : : t yt ﬁf trﬁzﬁﬁmﬁl‘?%i &Il iR r?@fals%fok bn i*iFo tebtﬁrlgaﬁltslt&ﬂardae}@ggl rﬁ@clleﬂf rmthe asa ay
on cells at have been washed in sinple physiological sol utions, suc

as buffered sal i n&ondgiosb iferisaeeering shclicarptifiesrinclydy congitiansdhat re ussét ween t he
cyclic peptides ar .cell.s and th o] 2 i .he t i-a. However,
cul ture conditi®RS f%%‘b ¥ ﬁhee agtstg g%‘g’grgﬁg{r]‘lgrp{)@mb%(‘?{l% él?&pi%eoé\% lg?'}?]gg%dotfhe cells

wi th the apprgpfdsatCelL@pessttifiididsodhoald bessdyed ufderbyditiohoghealthsal ts,

buf fers and ) i
20  would be healthy but for the presence of the cyclic peptide(s). Controls can be

performed where the cell types are maintained under the selected culture
conditions and not exposed to a cyclic peptide, to assess whether the culture
conditions influenced the viability of the cells. One of skill in the art can also
perform the assay on cells that have been washed in simple physiological

25  solutions, such as buffered saline, to eliminate, or test for, any interaction
between the cyclic peptides or cells and the components in the culture media.
However, culture conditions for the assays generally include providing the cells
with the appropriate concentration of nutrients, physiological salts, buffers and
other components typically used to culture or maintain cells of the selected type.

30 A variety of other reagents may be included in the screening assay. These
include reagents like salts, neutral proteins, albumin, serum (e.g. fetal calf

serum) that are used to mimic the physiologic state of the cell types of interest.
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ot her conponents typically used to culture or maintain cells of the
selected type. 30 A variety of other reagents nmay be included in the
screeni ngwasgaysoThese include reagents |ike salts, neut rar/ysopisens,

al bum n, serqgg %&3\\%}1 fetal calf serum that are used to mmc the

physi ol ogic s A e of the cel|l types of interest. 51 WO 02/ 090503

PCT/ US02/ 143%pnditipgs andmediz fonediurinangrowHg anddnainieging mempaliag celly owi ng and
mai ntal ning NRATALEAL of BireP midB6aPAR Bd Rlaillfic 8 B o WA BlthabnCel | s are
avai |l abl e to one of sKi In e art. The selected reagents and conponents
are added to the &mayletted tdrgents ded compdrectsede bdded ne thefassdyiihthe ordethe art .

In general, the cyclic peptjdes are _added last to 5 start assay.
Assays are péF]FBtF%@M og¢ Ogﬂ?hérhﬁ’f:&ﬁtt énlggrifﬁ%lr&?&?'%l}c RSP ﬁ*&sa"}fwaf@e?t‘ﬂ%i% 4 C and
40 C. Tenper aff s a&%g.eAs_%hware9&%&@%@%%&&%@%&%@@ (about 20
C) to about 37C. Incubation periods are selected to ascertain the optinal

range of act ibeiwaendr°G andi 408\(¢.eTerhprratutes geyerhllyrapgpfiodeabodbroeot  adversel y

affect unwanted cel|l types. However, incubation tinmes can be 10 optini zed
to facilitat éemﬁ‘if?‘&f%ﬁ%%uttzl‘?r @Gé%b‘iﬂutézgrﬁeﬁicﬂ@“%yﬁpe‘iﬁ X s?lﬁ‘(‘fﬁ%ﬁ’ti on tines
are between - 1A : ki : rom
about 5 m nu{% gge%@gg]gﬁigﬁlgl I%gger g%@%fl Eﬂagggpl?? g@snﬁg\#fﬁg&?ﬁg@ﬂ%&éted

sel ectivity addersalyiaffedtyundaniedgell nypes.t Howesay meubatign dimes\cah bat i on nay be

tested for activity and/or lack of toxicity in vivg .15 i.n an .appropriate
ani el mBel OPIARAR Mk ot S s e asaP e ing: Dypir e SRigEl s P dogs.
pigs, goats, adtdErQlveltPsRAE1 nfifite BXE IR 24 HBGrsNBHSCiAOhefb Rl are
conveni ent ani mal nodel's for testing whether cyclic peptides of the

i nventi on habeuttSomimtesfté ebous Szwatwr t o det ernmi ne whether the cyclic

pepti des can conb m.crobial i.nfection 0..One, of. skill. in the art can

readily performi ?XfﬁﬁBe%tbieégﬁYlﬂ%h’c?f&tglﬁ%cps 31/65%?”(9' mb%?ﬁt]ivbtééjung fHéPhvent i on.
For toxicity stRekihBOr ePal®fiohesayHe tested fof ab@dty ARForadck slitbtiet it vitest

dosages can be separately adm nistered to different animals. A single dose

or a serilés dhadeppigpsate amntsd medal iush enierl mpdekdnelndavaice, mts; edbbits,period i s
sel ected that SeéOmSE %é%lsg%gt%;‘%%@% %rﬁ'[ofréelgeFg{)%%ﬁpzeﬂgﬁedfgl§§%e%atthéjﬁg §I)e on the 25

ani mal . Such A"t % rom a 0 about sever al
weeks or noRrbhgenichhaniafal apideRfortesting witetipe pi/tlitaiep)idesofahe mvemidn can be

determned b observing whether the peptide adversely affects the behavior
(e.g., let ha%‘@‘y’? toxic effects and/or to determine whether the cyclic peptides can combat a
microbial infection.
20 One of skill in the art can readily perform in vivo screening of the cyclic
peptides of the invention. For toxicity testing, a series of cyclic peptides at
different test dosages can be separately administered to different animals. A
single dose or a series of dosages can be administered to the animal. A test
period is selected that permits assessment of the effects of the peptide(s) on the
25 animal. Such a test period may run from about one day to about several weeks
or months.

The effect of a cyclic peptide(s) on an animal can be determined by
observing whether the peptide adversely affects the behavior (e.g., lethargy,
hyperactivity) and physiological state of the animal over the course of test

30 period. The physiological state of the animal can be assessed by standard

procedures. For example, during the test period one of skill in the art can draw

blood and collect other bodily fluids to test, for example, for various enzymes,
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hyperactivity) and physiol ogical state of the animal over the course of
test 30 period. The physiol ogical state of the aninmal can be assessed by
st andar d wpriepewos es. For exanple, during the test periodpomaisot/issee || in
the art can qiawewd)00d and col I ect other bodily fluids to test, for
exanple, for varjous e éﬁ V\D 02/ 990303 PCT/ US02/ 14329 1361. 009WOL
proteins, mePEHENS{EEaDYIEH, ?‘Pﬂethle ‘Ik@ O ot 8Ll di thejarg Gang tV€an al so

observe whetfigind it AfthiBlas 'Bﬁ)%ul%‘é qeésldwppétf@@ Qhé?fheﬁ})ﬂﬁﬁﬂnhg blsbBin'hea,

vomting, blood in the wurine, |oSs of consciousness, and a variety of
ot her physi oludgedass qfrcob:toecmnesﬁandra \talmetytCéﬂthqxe)hymdlogtmleprahleml can be

sacrificed a at om cal at hol a i st.ol o i cal ot.her studies
can be perfopﬂfeetﬁ %te?tﬁ)éniafi’stgfu%%m’(?fgaé’rcbgeaﬂgmg?e g an Fﬂ%ﬂl aIt i Wreral, to
det er m neswWhedeib 1@519an@rotﬁ@rs@1dfe¥%bﬁﬁeP@Eﬁrhﬁ@%n(ﬂfle fidQes brrbfgﬂislo@rmecan combat
a m crobi al mfec%lon mce or other test aninals are ected with the

sel ected m crobealand a sel ected test dosage of one or nmore 10 cyclic

bepti des i s admi nigsteten NGk SALIANMeREEIPLBLILARY £l Aasgyld me per i ods

or intervals. Test gnl mal s served over e Co ,Pgé@&?’ several days to

weeks to asgerendbmcaheinkteit atrﬂnerob;ad;infentlpﬁpmwde)rpt}&tesst snitrB aad1i mal s from
the m crobi al infection. At the end of the test period, the test aninmals
can be sacri fipfgetgd B th"e%‘?ﬁtmlctr@eeﬁé’éé‘rSFEFWd%fiﬁ%‘ﬂePﬁ@n“b?fdp?r@ pepti de has

optimal Iy prgg@g@%u Elsgxetag@ nistered e?@ajﬁ%r Qtr Rdihfidd %38 45% r%ePLQdéjet erm ne

whet her any ect S ave oc urre Prior to ni stration,
the m crobe @&tnth@al\saﬂ"hﬂdmlmalsanm;lbeervmmdlaxglumlofsasl'anmlldaystotweakermve

t oxi ns or other rrB rhegjf t hat dversel af f cg the m.ce .a1ll:or

exanpl e, mcrt%B%CST‘al artfe e&&l‘?%h@l’ © protesss the gnimals Fogythe Mictohiaf o

hours to a stgbiRRarAt tRbaseof dib %‘erspﬁérﬁh Hehdse aﬁﬂﬁl@&n%'sh&?ﬁ&@i Ry
centrifugation, washed twice with saline or phosphate buffered saline (PBS)

and resuspenﬂmm@d telpdcattad whether deeyelid paptide bhg ommmgmteﬁt@d thetgsipl e, a
cell den ty of out. of .abou -5xl 07¢ eve al an to be tested
Wt vard? ng A EepReulh Hiberts Feter g Mabler FRLEH BipARHER smt 1 Vo arre
of the m crobpgve &rufredg. about 0.1 to about 1 m). Infection can be
performed orally, intraperitoneally, intravenously or by sone other route
sel ected by one ofrigkfq admipistratien, feemicpgbesan bpashddon siple ani mal s are

alloved to B ﬁ§s1§18glc§1t s%@ﬂ[o F}d Eﬁxo@@?q)&?se& ot RAEBmBBAIHR thhPmby R th 2

different do ani m
affect the mice. For example, microbial cells can be grown at 37 °C with

20  agitation for 12 hours to a stationary phase. Microbial cells can be collected by
centrifugation, washed twice with saline or phosphate buffered saline (PBS) and
resuspended or diluted to a convenient cell density, for example, a cell density of
about of about 3-5x10"cfu/ml. Several animals to be tested with varying
amounts of each peptide five are infected with a small volume of the microbe

25  (e.g. about 0.1 to about 1 ml). Infection can be performed orally,
intraperitoneally, intravenously or by some other route selected by one of skill in
the art. After infection, the animals are allowed to rest for a short time and then
each animal is treated with a different dose of peptide. The animals are
monitored for several days to weeks.

30 Controls are used to establish the effects of the microbe when the cyclic
peptide is not administered. Other controls can also be performed, for example,

the safety and efficacy of the present cyclic peptides can be compared to that of
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nonitored for several days to weeks. 30 Controls are used to establish the
effects of the m crobe when the cyclic peptide is not adm nistered. O her
cont rol s wan2abwses be perforned, for exanple, the safety ad/shtiaacy of

t he present %6?“ gggeptl des can be conpared to that of 53 WO 02/090503
PCT/ US02/ 143 it 009WO1 known anti-m.cr ob| al agents (e.g., penicillin,
kananyci n, ewwe'ilwmwméra}@mca rpenisilling kangmucingy@eemyHns ur t her pr ovi des

a met hod of gg@lto ‘!nn r evaluating a D, L-a-cyclic peptide or a
(3-peptide ca sel ective association with a target 5 bionol ecul e.

Such target bi onpolTeeuhesnticafurthecprosales hmetlmcbafpﬂmtifying paeedliatingra, D-,

extracel lul ar or nenbrane-associ at ed pr.ot . enzynes, | ei ¢ acids,
receptors, orgfhlEsl lce%epga%l‘”i‘h “PEPYIE Cap ti’lgoﬁé‘g%'de@%ﬁ?c}aﬂf)’éw arechcting a

solution s of peotfidibGuPeRlchiaetbibilolcRiel BdiliaklubE ATPLERINES iRl dr 0gen

bond- pr ormtl ng con Itrons and determ ning et er pept i des Sel ectively
associate w tehtradeﬁulhﬁodmsmbmﬁehsmcmltabprb@msan&ypmsmkﬂdaaomdlsag| cal activity
of interest. The tar on the

b for.
surface of arequW%@ fl’sat‘} ﬂ? an ﬁ"BHI EIQHB%EWC(?&‘%E?E%% Hté(@} ed cel

or on the suifg f&lccﬂepﬁdesl\hﬁpﬁlg@Fet'%lérﬁél@@dlb ViBdof hylifdgeR 86 d-PRnfAMgbe
contacted with the target biomolecul e under othér desired assag condltl ons

avai |l abl e tocomatlotfls mhdetermmmgwhethsr the pept@gs bélectiyeht dssensath athrtbe good
antl-mcr ert invitro o_that al so have
subst ant i 3‘ ﬂgedﬁ—ﬁ%mgte?‘ias %‘8&808?%5@8103%1%?&%% Iétﬁregtel |  types are
particul ar I y good Thahsetdisholeaile tRebPdieplaydd, a5t eQﬁmﬁIépéﬁJﬂfel satfecdsrage
forms, as described in nore detail below 20 Dosagil For mul ati ons and

Routes of AdmiviiesteHaen the spca ¢fe sapiicallusnginecrpderl] erean the sufeceiodgent i on,
i ncl udi ng thﬁggso%ﬁé.tﬁlterﬂgt egﬂ%erﬁ]eﬂlﬁég l?e o%?actetdqyf?f?meq¥geta reduction in at

| east one sy om associ a |on ndi cat on or di sease, or

a decrease |rmdrhkﬂecaﬂ@umerofheadésm’ed)dysagssmnnaﬂs@d/amtimtddsm: ofkili indheat i on or
di sease. To achieve the desired effect(s), the peptide, a variant thereof
or a comdinattion thereof, may be adm nistered as single or divided

?TS/S ig?sb ¢ f g[ | Zxar@ycﬁc pEHtld@g hé\ﬁﬁggéo&pﬂﬁ m%%al@éﬂ%iés@n%fwgmﬁ&qnt o 750

vivo that also have substantially no undesired toxicity against unwanted cell
types are particularly good candidates for the prepartion of appropriate dosage
forms, as described in more detail below.

20
Dosages, Formulations and Routes of Administration for the Peptides

The peptides of the invention, including their salts, are administered so as
to achieve a reduction in at least one symptom associated with an infection,
indication or disease, or a decrease in the amount of antibody associated with the

25  indication or disease.

To achieve the desired effect(s), the peptide, a variant thereof or a
combination thereof, may be administered as single or divided dosages, for
example, of at least about 0.01 mg/kg to about 500 to 750 mg/kg, of at least
about 0.01 mg/kg to about 300 to 500 mg/kg, at least about 0.1 mg/kg to about

30 100 to 300 mg/kg or at least about 1 mg/kg to about 50 to 100 mg/kg of body
weight, although other dosages may provide beneficial results. The amount

administered will vary depending on various factors including, but not limited
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about 0.01 ng/kg to about 300 to 500 ng/ kg, at |east about 0.1 ng/kg to
about 30 100 to 300 ny/kg or at |east about 1 ng/kg to about 50 to 100

ng/ kg of wodgp/o9eses ght, al t hough ot her dosages nay provi de Poans/cizas
results. The ampynt,, admnistered will vary depending on various factors

i ncl udi ng, but not I]‘i mted 54 WD 02/090503 Pvcgéu 02/ 14329 (i.l361. 09WOL t o,
the cyclic pé&ptheeychnpsaiiie ahpgenytheddiscase, theaveightyihe physigal sRYER, the ondi t i on,

the health, jthe agzeagefoftﬂéqnmg?eaﬁgwhem?%&ggw%eaﬁ%w%é@srtotueeat ment is to

be achieved, and If the pepti s che no Such factors can
be readily detievedi aetlifithe pdpeide isi ahemicatly emplifpgd. pchfactads cambetsaddy ot her

test systens that. are gvai.lable in the art.. Admnistration of the
t her apeuti c Qa@m‘@ei?hyé‘bec@%ﬁbgn&w‘ﬂgtaﬁ@%%%d& or rﬁ?‘ﬁfé‘?f??’f?ﬁe% e in a
singl e dose, gidnvauhbit Bl @cdases, in a continuous or intermttent manner,

dependi ng, for exanple, upon the recipient's physiological condition,
whet her the pur podeinghisirhgornefrthetherapgeticoagents in peqoagange wathghe pigsent

hyl iC, her f . sKi ot . Th
Bt st at | SReBPoT eS b f R SRt Ry o I Rl LBRE: Poy 1)

continuous @yeimigteitirRgRks dbpshdiey, fR@xahple] WibnCthe FEYpiOA'siphyslodgicaks of
spaced doses. Both |ocal and system c adm nistration is contenplated. To
prepare the ecomdiben tyhether hagrurprss ofthe adypmipisationdy therapsutePhi se 15 obt ai ned,

purified;as . i E[%jwﬁ : i dd stabilized. The
pepti de (lzgn ?ﬁ%ﬁ?@@%gﬁ%g?&%k{% f e ap%%&&%&?gdtg%ﬁlg‘gh??gti on, and
optionally adniistesioniof theqtebgdesafelnt inverfioa nad)siod essentially ghtitimfous gi ven
peptide included in _a unit. dose can vary w dely. For ex I bout 0.01
o about 5 ovee BB PEiodgY SR Ot seresar Peesddohe Bfc  de of the
invention, of,& Ydd&lehdiy a®hin®fraB6Plsd Ge&npRAEd.fi ¢ for a particular cell
type can be admnistered. Alternatively, “the unit dosage can vary from

about 0.01 g to abowrefde the compnsitibmpeptided Brgsyntheszbd ot oBErvgse f r om about
0.1 g to, gbout, 25 g, fraomabout 0.5 g.to about .12 fro out 0.5 g to
about 8 45 T PBHEor o ger g febied aRd e 1§ Bizst g suBBEE bt 2
g. 25 Daily dug@spirfe dahieheise ddfusRARG iteteppRipriatteconbuiitioRarddptivadlly as wel | .
Such daily doses can range, for exanple, fprom about 0.1 g/day to about 50

g/ day, from cambimed with qjhetagents Hisabsolps vwyighty! afgivam pepide ingludedjirday t o
about 12 gf d%%hgfdé?e%ayavgﬁgi&ié lgér%Qmef%, %?1'["50% tgélg(?t}fi gf, ro?QBo%RBHt 0.5

g/ day to about
to about 500 mg, of at least one peptide of the invention, or a plurality of

20  peptides specific for a particular cell type can be administered. Alternatively,
the unit dosage can vary from about 0.01 g to about 50 g, from about 0.01 g to
about 35 g, from about 0.1 g to about 25 g, from about 0.5 g to about 12 g, from
about 0.5 g to about 8 g, from about 0.5 g to about 4 g, or from about 0.5 g to
about 2 g.

25 Daily doses of the cyclic peptides of the invention can vary as well. Such
daily doses can range, for example, from about 0.1 g/day to about 50 g/day, from
about 0.1 g/day to about 25 g/day, from about 0.1 g/day to about 12 g/day, from
about 0.5 g/day to about 8 g/day, from about 0.5 g/day to about 4 g/day, and
from about 0.5 g/day to about 2 g/day.

30 Thus, one or more suitable unit dosage forms comprising the therapeutic
peptides of the invention can be administered by a variety of routes including
oral, parenteral (including subcutaneous, intravenous, intramuscular and
intraperitoneal), rectal, dermal, transdermal, intrathoracic, intrapulmonary and
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fromabout 0.5 g/day to about 2 g/day. 30 Thus, one or nore suitable unit

dosage forns conprising the therapeutic peptides of the invention can be
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of the i nventnﬁagﬁcegf Sge%rsgﬂgge%’l ?C)ﬁxel?)éﬁméadsr%%gl S %%%Cg)lﬁd?%{et%gr e generally
conbi ned wit hh@eqfhafdﬂtaexeufn@atslaw, auneptiap loe shaparg the prodatt m&nﬂhe or exci pi ent

to forma pharnmaceutical formulation, or unit dosage form For oral
admi ni strat i éesredrdelivenytsyeed- ey be present as a powder, a granul ar

fornul atijgn, a solyhiPie t&r@eﬁﬁeﬁgatﬁi@s o%emhﬁbﬁ)ﬁrecﬂr%da%@fopéfa'}"al or 15

synthetlc pol ymer or resin stion of the active ingredients froma
chewi ng gumadihiastaationyihep emtgedeallyragmbmsd) whth apleseateaticaly mctphhls,
el ectuary or Orally. d t herapeutic i des of the

t t t
i nvention caﬁgaseé’gmb‘gntfoére E{Tnflos erg‘ﬁ@faé’fa\’lé%??wggg’g oyt (Porgﬁ%e pepti des

can be coat egerpi p@rqfrerheﬁﬁﬁlgdrﬁ;cﬁldtheq;e tl&Hshﬁé})"be;&esEHn@S@Q YWddi o a sustained
delivery device. The total active ingredients 20 in suc f ormul ati ons

conprise fro grawiar fomgdatdys byolwaewytatsusfensing, dnomibign ooin a ng@yral or

"phar mac tlcal tabl e it a _carrier ent, . exci p| ent,
andror oabt eRubeiaEREERErin b ResTRE Ok e R bt ¢ pBlegicln AR e
fornul ation, gamd THeqktidep&ptides Md§ als bk Peeseed P £Bblut,edéctiry oFfateraceut i cal

formul ati ons cont ai nmﬁgg t he therapeutlc pe Etldes of the 25 invention can
be prepared Byajy wed hsepsutihpeptidesef the giveptiomtan-asedunioangatedeadi | y

avai | abl e 'n%res%gt% e relERE £X2MRpRpid8aRBELAE, SABDEL AL i th

common excl pl ents, I fuent S I’I ers or I'TE
capsul es, otherwise placed within a sustamed delivery device. The total active ingredients

20  in such formulations comprise from 0.1 to 99.9% by weight of the formulation.
By "pharmaceutically acceptable" it is meant a carrier, diluent, excipient,
and/or salt that is compatible with the other ingredients of the formulation, and _
not deleterious to the recipient thereof.
Pharmaceutical formulations containing the therapeutic peptides of the
25  invention can be prepared by procedures known in the art using well-known and
readily available ingredients. For example, the peptide can be formulated with
common excipients, diluents, or carriers, and formed into tablets, capsules,
solutions, suspensions, powders, aerosols and the like. Examples of excipients,
diluents, and carriers that are suitable for such formulations include buffers, as
30  well as fillers and extenders such as starch, cellulose, sugars, mannitol, and
silicic derivatives. Binding agents can also be included such as carboxymethyl
cellulose, hydroxymethylcellulose, hydroxypropyl methylcellulose and other
cellulose derivatives, alginates, gelatin, and polyvinyl-pyrrolidone. Moisturizing
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like. F i ni LG id f
| K€ ??i gn ; 1% coh?al%gﬁl‘g% ﬂch‘é@%ﬁﬁn% %ag} @‘u%hﬂ?g%&ﬁ ‘Sf géﬂﬁ arfbid Pt | des o
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i nclude inactive _15 ingredients such as cell uigose,. preg&l ati ni zed starch,
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citric acid, corn starch, mneral (% ', pol ypropyl ene gl yco%n, sodi um
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lauryl sul f abespyd bt celfuddse; magksiunt SBArbid) £hi@sdrdQalliaBdelligsel stkRh, as wel |
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Moreover, etdlertitenivnatiedds denanisad, ctablagids cratasghninigereheil.or nor e
pept i des of ‘L | AXEALIAN) Arf.deslaned LaTRSISL i Slnueonsian i the

stomach and &°s8GIRE™ nor e f ine environnent of the
duodenum Theelatig capales contpi@iig 4dessodneldyeli¢ parideioBheCiaverdion@ake f or nul at ed

as 20  contain inactive ingredients such as gelatin, microcrystalline cellulose, sodium
lauryl sulfate, starch, talc, and titanium dioxide, and the like, as well as liquid
vehicles such as polyethylene glycols (PEGs) and vegetable oil. Moreover,
enteric-coated caplets or tablets containing one or more peptides of the invention
are designed to resist disintegration in the stomach and dissolve in the more
25  neutral to alkaline environment of the duodenum.

The therapeutic peptides of the invention can also be formulated as
elixirs or solutions for convenient oral administration or as solutions appropriate
for parenteral administration, for instance by intramuscular, subcutaneous,
intraperitoneal or intravenous routes. The pharmaceutical formulations of the

30 therapeutic peptides of the invention can also take the forrh of an aqueous or

anhydrous solution or dispersion, or alternatively the form of an emulsion or

suspension or salve.
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i sol ati on of ast@pehdingGtabilizrig Md/drydigpeidingadehn Altepiatizelythiedtivd or
constitution with a suitable vehicle,  e. sterile, pyrogen-free water,
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nyri st at ani mal,, m neral d vegetabl e 0ils.and polysil oxanes, It is
possi bi e B0 i ephyagiagialJindbRig Aty aubiioRask nf S, ©
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t - but yl hydr ogeldriwder the pamg [ Rewanely drodyalwslsaideolynthylene glucds driokyt ol uene
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triglycerides such as the products marketed under the name “Miglyol,” isopropyl
20  myristate, animal, mineral and vegetable oils and polysiloxanes.

It is possible to add, if necessary, an adjuvant chosen from antioxidants,
surfactants, other preservatives, film-forming, keratolytic or comedolytic agents,
perfumes, flavorings and colorings. Antioxidants such as t-butylhydroquinone,
butylated hydroxyanisole, butylated hydroxytoluene and o~tocopherol and its

25  derivatives can be added.

Also contemplated are combination products that include one or more
cyclic peptides of the present invention and one or more other anti-microbial
agents. For example, a variety of antibiotics can be included in the
pharmaceutical compositions of the invention, such as aminoglycosides (e.g.,

30  streptomycin, gentamicin, sisomicin, tobramycin and amicacin), ansamycins
(e.g. rifamycin), antimycotics (e.g. polyenes and benzofuran derivatives), -

lactams (e.g. penicillins and cephalosporins), chloramphenical (including
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cyclic peptides of the present invention and one or nore other
anti-mcrobial agents. For exanple, a variety of antibiotics can be
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r
lesser  ext enP§ SFRIDE PYiges an
(e.g., sprays or Fopfjical admiaRrati6i e Gerbsutid flehBisaytic foakiaatedfas $0ap.
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t he invention can Vi a patches or ‘er na
adm ni strat i gsls, dbpetsiombt medryemuilbiong égtidnd ehiclaaned eo & greauck at dsert 0 be part of
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20  for this purpose include wound dressings, coated bandages or other polymer
coverings, ointments, creams, lotions, pastes, jellies, sprays, and aerosols. Thus,
the therapeutic peptides of the invention can be delivered via patches or
bandages for dermal administration. Alternatively, the peptide can be formulated
to be part of an adhesive polymer, such as polyacrylate or acrylate/vinyl acetate

25  copolymer. For long-term applications it might be desirable to use microporous
and/or breathable backing laminates, so hydration or maceration of the skin can
be minimized. The backing layer can be any appropriate thickness that will
provide the desired protective and support functions. A suitable thickness will
generally be from about 10 to about 200 microns.

30 Ointments and creams may, for example, be formulated with an aqueous
or oily base with the addition of suitable thickening and/or gelling agents.
Lotions may be formulated with an aqueous or oily base and will in general also

contain one or more emulsifying agents, stabilizing agents, dispersing agents,
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The pharmaceutical formulations of the present invention may include, as
20  optional ingredients, pharmaceutically acceptable carriers, diluents, solubilizing
or emulsifying agents, and salts of the type that are available in the art.
Examples of such substances include normal saline solutions such as
physiologically buffered saline solutions and water. Specific non-limiting
examples of the carriers and/or diluents that are useful in the pharmaceutical
25  formulations of the present invention include water and physiologically
acceptable buffered saline solutions such as phosphate buffered saline solutions
pH 7.0-8.0.
The peptides of the invention can also be administered to the respiratory
tract. Thus, the present invention also provides aerosol pharmaceutical
30 formulations and dosage forms for use in the methods of the invention. In
general, such dosage forms comprise an amount of at least one of the agents of
the invention effective to treat or prevent the clinical symptoms of a specific
infection, indication or disease. Any statistically significant attenuation of one
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[

conposi ti on PRYIBEOHPRUHAR BEY R PLRFItCd BsuYbdqsgssnionm, ing fgF le, capsules
or cartridge ; Py inBlok ki g r ' g powder
may be adm n%tS @%séo m@mggﬁgﬁg%ﬁ%e?ﬁgg 0ik E%gl&al?%r%(ﬁf)%s%@eg@%r a

met er ed- dosemi be nthalmstered eath the pidex{ anpila]ateth sspfiseuel zmdtenadtdosed dose

i nhal er | ) and the. dr owder inhal er disclosed jn { n S. P. in
Aer osol sl((g/ﬁdknpﬁl&r {sgrdor e’i%”&’&%\é\ge @?SWZ%G&% J:f,s‘_e }ﬂg‘akﬁl Qu%\?})?}’ad%@? 224,

But t er wor t hsgryLRRARPiInhEREIRNEsed ih 3eMWinan] BePaARrbplPMA thdeangf the present
invention can’al so be admnistered in 15 an aqueous solution when

adni ni st er edClarkeai8. ¥6rand avisy Di. pdalned 190224, Brttgsvorths; hendage Eagland,
phar maceut i CEE% éor mul ati ons may conprise, for exanple, a physiologically
acceptable b %4 Ted saline solution containing between about 0.1 ng/m and

about 100 ng/m ofh&agewdic peptides Of tHeliRePaPinvelRon@hn ke bekaskisteredivent i on
specific for the indication or disease to be treated. Dry aerosol in the 20

form of 1§ netyaqiepisgiwdutinn Whenpddpinigieradrin gnapiosel aidnkplgsbiorme T84s.t hat are not
di ssol ved or I I OpUd I Hﬁ@; ; ractice of the
present i nv%t?}fl!'J Lls%g&%ggﬁrﬁlégesddg?l Lﬂoﬂ%ﬁéﬁ%@eﬁnﬁl In ersrjls!tei %’E e%r%ﬁ 1E’eaaf ormul ated as
dusting powpleysiolegichlboatpeptside buffiakey salineisdrtiopaohtaimirgsbdtawemadpoan.aver age

article size of between about and 5 |terngtiv between 2 and 3 m
Ei nely divi gag/ml and about 100 mg/ml o%one or moer of%he peptl?les ofe t&\gpresent

invention specific for the indication or disease to be treated. Dry aerosol in the

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

25  particles may be prepared by pulverization and screen filtration using techniques
well known in the art. The particles may be administered by inhaling a
predetermined quantity of the finely divided material, which can be in the form
of a powder. It will be appreciated that the unit content of active ingredient or
ingredients contained in an individual aerosol dose of each dosage form need not

30 in itself constitute an effective amount for treating the particular infection,
indication or disease since the necessary effective amount can be reached by

administration of a plurality of dosage units. Moreover, the effective amount
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25 particles may be prepared by pul verization and screen filtration using
techniques well known in the art. The particles nmay be adm ni stered by

i nhal i ng wo qanewes er m ned quantity of the finely divided matrarsSozii4329hi ch
can be in the form of a powder. It will be appreciated that the unit
content of atfi¥&"?hgredient or ingredients contained in_an individual
aer osol dosemay beadhedsue ltssithamtbe doseon tixodasags fosm eithes istiyidvally, an

ef fective ampunt for &ra%%i .ng t1; he particular infection, indication or

di sease si nc® PRSHERSSEIY 28Rt i ve anmount can be reached by

adm ni stration of Fé gdnuhidiration t0ftheh@speethasdl) dSlowvbrapirabry tedvebpef f ecti ve
anount 61 WD 02/090503 PCT/ US02/ 14329 1361, 009WO1 may be achi eved usi ng

| ess than t hiahalg§en,ithe thepawicappptidesththeinysrtion s cenvenignily delivgred n o series
of adm nistraLi 1Nl [ QL hower
respirat 05?y ﬁé%%{'l?e@ﬁ?{rr?gg{Eg{}%%ﬁ]zfeﬁﬁ)h@@ﬁf&l}%&éﬂ%@&%%@?ﬁ@@%@ Ertuhé; i nvention
are conveni em herosdd bpragrRrdssubizéd moksamag boahprdsera oitablepresslant sneldapack or

ot her conveni ent ns of delivering an aeroso|. ray. Pressurized packs
may conpri sedlﬁﬂ@iﬁrgﬂe@‘ﬂﬂrgmﬁ?hﬁ’b"e Itﬁl‘gﬂ?mgﬁ%rﬁ% ang; Aé?hﬁg‘i%%’faﬂiuw ffethane,
trichlorof | ugsOsTREBR/AE or SiHEPLRHaB1eSkE AhiMOEREbNAPRssurfzRd Radsdli @yi de or ot her
suitable gas. In the case of a pressurized aerosol, the dosage unit may be

det er mi ned bgospgowiitimay ba detatmimed by gedviiding a yalvetiedelivet @ mmtereht . Nebul i zers
i nclude, but are n limted to, those described in U S . .Patent Nos.
4,624, 2540 B?I??)@}ti%!’u{éz,%%lfd,ugﬁ’zhu& %dloﬁﬂgétgdéoz .osﬁg%célifm H]e?its\?ery syst ens
of the type gisgased chensi s 20%18Y S, iAbUed;fahama33mm270 Aerdso @ Vel
sources including Fisons Corporation (Bedford, Mss.), Schering Corp.

(Keni | wor t h, sysemsaafdhertype disaleseehizareip semvadapble floyanwneOESs caumyercidy
intra-nasal 15 adminpistration he..: [ ] S0 be

adm ni st er edsW%Fsﬁ%cglé 0% lpsgl?s go}ppfaalhoﬁgﬁgdéﬁ%?\fagggﬁlgg g&? pl astic bottle

atom zer or (RéEeUthINSearidiaketan Phlithbal Cof (\adlariz €/4). doe irtfaendvhist onet er
(Wntrop? and the Medi haler (R ker). Furthernore, the active ingredients
may al sole admamistiatienthy Marapewiadgent may plsp be AdmubEered ¥ladipsh Py

exanpl e, pai el jeve L0,.- . t : ﬁlgﬁ% s8R st am nes,
br onchodi | at g?‘éﬁggrgyt ughlalgﬂltg,aéf{%fg!tc%?r{ﬁfagérrxltz e co‘?ltgrle'fli%%rsls aescri bed or sone
ot her condi t Tgpical Bfatopiieaeaie thavistometer { Wirthgy) apeé theaVedihaler @Rikergkaged
pharmaceutical conposition for, controlling mcrobial. infecti.ons.such as a

|
kit or other cont Bpgrmorey aetiye preredimtsinA plsp 8F geedincRmMPLIEAR Ml | v
effective anpypf th@?ap@utﬂ:%’éﬂ@%%keﬁ@le, pain relievers, anti-inflammatory agents,

20  antihistamines, bronchodilators and the like, whether for the conditions

described or some other condition.
The present invention further pertains to a packaged pharmaceutical

composition for controlling microbial infections such as a kit or other container.
The kit or container holds a therapeutically effective amount of a pharmaceutical

25  composition for controlling microbial infections and instructions for using the
pharmaceutical composition for control of the microbial infection. The
pharmaceutical composition includes at least one cyclic peptide of the present
invention, in a therapeutically effective amount such that microbial infection is
controlled.

30 The invention is further illustrated by the following non-limiting

Examples.

Example 1. Materials and Methods.
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25 conposition for controlling mcrobial infections and instructions for
using the pharmaceutical conposition for control of the m crobial

i nf ecti onwolh@oosphar naceuti cal conposition includes at | eastr/woi4syelic
peptide of th resent invention, in a therapeutically effective anount
such t hat m@?‘o@?‘é{ infection is controlled. 30 The invention is further
i 1lustrated Belid Rhasedlepsigie Synthesis| i miti ng Exanpl es. Exanple 1. Materials

and Methods. 62 503 PCT), . Sol i d Phase
Pepti de Synt hesi sX@é?’%/!e%?agregﬁﬂztgégeggﬁé&éi‘ggy éé?t?%l?%ga%f ACN, optinma grade),
di chl or onet haiaRlofdkivhardCB M AAEY grddeN-NINraitdeyHyl formamidd DMINF,  sequenci ng

grade), diethylether (Et20, ACS grade), N N-dii ropyl eth mne 5 (DI EA,
pept i de synt HE¥FCIRE Hads), q\l@@é(l%ttﬁréﬁtaéeﬁcgr%?ﬁdebﬁ éﬁg‘p“ @HY%%@W{’WOM
further ri frgat Len: 1.1l i i T ar bon),

2- (1H bgzo{é% ??@‘df-%gh? %Lig%&g g&l%%tp?gdr}rlgiéﬁytfﬁl% #mgﬁ%gy I“E%lro gghosphat e
(HBTU, Ri chéiriheupBifatatomriodfogresytic acid (TFA, New Jersey Halocarbon), 2-(1H-
benzotriazol g- 1-yl -oxy-tris-pyrrolidino-.phos ni um hexaf phosphat e

( PyBOP, NovaB‘?n&B%@Fﬁl'%éb'el’ﬁé’gﬁfeté%rnitgﬂBm‘Frﬂgla’an%@ﬁ?@%@% {}-H:’gf}z’l | abl e ami no
acids and repidhsliMeBRARSlogies)OBdbitRdolel 1 A Bagiigfrol@abi ochem or
Advanced Chentech. The side-chain protections were as follows. For Fnoc
synt hesi s: AplepspRipfiym hieicafloBerdipsphajes(PyBoY) NogabioghenByyere apedl ahr  (t-Bu). Al |
ot her chem cal s. were used. as obt ained. fr i.£h, , ' or Fl uka.
15 Pepti ge s%@’lﬁl\é\@i Onérﬁﬁr%a?/lg Iaiv%ltéat%:l%%gl iaggsé‘\h%?ééﬁg&%%[‘%%pﬁsi" Eag&\?\ler e

synt hesi zed gBmI@AcKShYNEMiSheintbraadvanedd Clsnitecta The yidetchbinrzbiectisi zed
resin and cyclized in the solution phase. The first Fmpc-protected am no

aci d was | oatees asdplleyvs Fer Finpg syntbesiss Asg (Fbf).iHig (BegakpotBachtsst Gridiip
fol | ow t ' , - A ' . with
Fospact 20" r AR Pl BS SER UlhEReneg RN Skl ol e SHTREECTLROAREIH, Agol 28 50

mL/ g of resiBjgnaet HiGA (4 eq.). This mxture was added to a fresh
commercially available C-trytil rfsi n (l.oadin 0.6-1. and

; - . 4.amol /g) al
cont i nuolsly shakBePtidgsynhesignd p(iEasined 19F28 BReTd RIPUIdGRYFCngs with DOM
(220,10 MEEACLERL Ry by T o AR o201 10 o
cyclized in the solution phase. The first Fmoc-protected amino acid was loaded
onto a Cl-trytil-resin via its a-carboxylate group following standard procedures.
Briefly, dry Fmoc-amino acid (1.2 eq. with respect to resin loading) was
20  dissolved in DCM (dried over NaHCOs3, 20 mL/g of resin) and DIEA (4 eq.).
This mixture was added to a fresh commercially available Cl-trytil resin (loading
0.6-1.2 mmol/g) and continuously shaken for 2 hour, followed by sequential
washings with DCM (3x20 mL), MeOH/DIEA/DCM (1:2:17, 3x15 mL) and
DCM (3x20 mL). Loading of the first amino acid was estimated by removing
25  the Fmoc group with base from a measured amount of resin and then measuring
the UV absorption and concentraion of the product in a known sample volume.
The rest of the amino acids were sequentially introduced following standard
Fmoc protocols. J. M. a. Y. Stewart, J. D., Solid Phase Peptide Synthesis 1984.
After the last coupling, N-terminal Fmoc group was removed by treatment with
30  20% Piperidine/DMF. The peptide containing resin was washed with DMF
(3x20 mL), then with DCM (3x20 mL). The side chain protected linear peptide

was cleaved from the resin by sequential shaking with several portions (10-20)
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25 the Fnoc group with base froma nmeasured anmount of resin and then

measuring the UV absorption and concentrai on of the product in a known

sanpl e vowome/sthe rest of the am no acids were sequenti adnyusSozi43educed

fol |l owi ng Stﬁs’&p&%\g Frmoc protocols. J. M a. Y. Stewart, J. D., Solid Phase
SIS 10

Pepti de Synt 84. After the last coupling, N_termnal.Fnoc group was
removed by t PERFMENeManixturs 6l/98hsoticruts the ﬁ‘gﬁmgltqﬁgaﬂ%ﬁ?‘?t@é“%nt aigni ng

resin was washad AL DU MoBIPE L) ThOGSdh BN (4R donicle Si de

chain protec ear’ pepti was” cl eaved fromthe resin by sequenti al
shaki ng w t hwhew theatsipohdnged its €d10or @0jark 68. ibeo 2088503 sPEFhtdeith 14329

1361. 009WOL of TE m xt.ur / oll ecting.the solutji.on into a flask,
cont ai ni ng W@ﬁﬁ/ﬂ}m) ?@)Maﬁhl( %?@“}g %35.6 ngnéﬁﬁﬁfee?qll&mn q‘wqhe cl eavage
is achieved NRRJMTE ERHARe SHRNERT THeSoBRhOWad &vaféfated fder Vdtaiimt(ne resin
was washed with DCM 2x10mg&)tband MeOH (2x10 nl). These washi ngs were

combi ned wi t mnsHgphndeide gdri ¢ bnsea geptiis|wasiasspssedtyaMAIRIeMS aRds

evaporated u r, wacuu 1 j & I pepti de was
assessed by B&Eﬁl - oa?ﬂ]ﬁ&eﬁly@y%h é?m@fi ¢ ngsag? ,%b%&/uer;}q{())‘/&; e@? y%l#emglﬁ ude |i near
peptide al | owglogeior patifietionWidtheiseplinar pgptides weed puaffiecdByhevessse, | i near
peptides were purified by reverse phase high perfornance Liquid

chr omat ogr apblyas¢ Righrerforeanceliquicchremateographyr heHPIAMNAB )18, &)@ i zati on was

performeg,in -\ tide concentration of 1-5 nM using a m xture of
PyBOP (5P°eq.TJR|XF‘H%r%I§/5§??' to crude peptide) and DIEA (40 eq.). The anpunt

of DI EA was adj usCegdlidationehs pudoraredap DAVE at a péptidle tOncenhnidn ofia§ nAdsessed by
applying a draop of reactjo i xfure .to a wet paper. 1 ction was

Tl 1 bwed by NACGR TSRl TP G v %H“';:%E@%egﬁﬁ@ a“a&ﬁ%?‘e@ in less
than 2 h. Th@@).DMEe %g@rﬁ%mﬁﬂm AHRARAGHERE LiPharehPFIY0 (| WHRR HI) at

tenperatures fess t 30 C and the residue was dried under vacuum (0.1 mm
Hg) over ni ghtvas Esessdépy ep@yinganirop of teactopohixturpépe wgepHipdperchai ns, the

dried crude peptide 0,, was, di I in ture of .

TEA/ PhO—yﬂzoﬁf’gﬁt’B’&ﬁ’f %3?%9%@%’%@%55&“%@%@? POStERESH Y of pepti de)
at rt for 1- gorfli_ﬂ\éfeqn 1658 €han P! BherODMIf wad R0V €RBY ERipovdBnfudliéoned by HPLC
and MALDI - VS. e TFA solution was concentrated by 5 tinmes by evaporation

under vacuunvchumnil bgin HE)ras tanowerathres {ese thab gl 1 endiis rpsidus wesdtadd by addi ng
It to an iceycal da &0 i Bigf blenighe dri ed
For deprotection of the cyclic peptide side chains, the dried crude peptide
20  was dissolved in a mixture of TFA/PhOH/H,O/thioanisole/EDT/TIS
(81.5:5:5:2.5:1) (~ 100 mL/g of peptide) at rt for 1-3 hours. The completion of
the reaction was followed by HPLC and MALDI-MS. The TFA solution was
concentrated by 5 times by evaporation under vacuum (1 mm Hg), from which
the peptide was precipitated by adding it to an ice-cold Et,O. The purity of dried
25  crude peptides was assessed by HPLC and MALDI-MS. The crude peptides can
be partially purified by dissolving in boiling ACN/water/HCl mixture
(30/70/0.1) and cooling the turbid solution in a fridge. In case of peptide high
solubility in this mixture, the precipitate can be obtained by adding acetone (3
vol. eq.) to the above solution. Further purification was achieved by preparative
30 reverse phase HPLC (C4, radial compression column, Waters) using, for '
example, a gradient of eluent A (0.1 % HCl in 99% H,0/1% ACN (v/v)) and
eluent B (0.07 % HCl in 90% ACN/10% H;0 (v/v)) using a flow rate of 24
ml/min.
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25 crude peptides was assessed by HPLC and MALDI - M5. The crude pepti des can
be partially purified by dissolving in boiling ACN water/HCL m xture
(30/ 70/ 0.wp cafebsedol i ng the turbid solution in a fridge. PoTA®SD14309 pepti de
hi gh sol ubi || ta/ i nlthl S mxture, the precipitate can be obtai ned by adding
acetone (3 8 ) to the above solution. Further purification was
achi eved by preparatlve 30 reverse phase HPLC (C4, radial conpression

colum, Wate usi or,. . s i eluent A (0.1 %HA in
99% H2QY 1% Agﬂ)r?l{};l\'/t)%? faé%ﬁ‘;""eﬁwk%'(@"gﬁ/@%ﬁ%r% 90% ACN/ 10% H20 (Vv/ V)
using a flow rat eMiter2ds forbéptide. syﬁﬁheﬂ%ﬁ%@@%ﬂﬁtr?@&éﬁﬂﬂhébé&ﬁ@ma

1361. 009WOL Conbi natori al  Pepti de Sy heS| S: ﬁﬁafre Li brarl Nat eri al s
for peptide ¥YRLY 85 FUMIBETCE SOWREsi EOT SIBGF EétcSePP’@HP‘é ’@5‘?? ety of
conmmer ci S tion libraries 5
of pepti Zées 8#%21%% @%E@%@gg%ﬂg&g@l {d Mgel 3%’“9&1?%{}?}& hyl

benzhydryl anbé}&hgz&@htﬁimé eMBmlA)hmugfhoug}sltssldeclmacnb@;@rlhxextybmﬂe t hen the
resin was split 1nto_four equinolar fractions. of 0.25 each for the
rest of the r@thw%mter@%sewml%{cfﬁcsﬁnw@ %%@moéaa@%o r e re @f the

N- Boc- pr ot ec%}%‘gh&)‘ samfgg?chat?dcﬂén vJaX%%%ed SR TOREN- @Ac%x%f@jc_:?ed@ hfhinPr serine

(4 equival ents usin aza zotriazol-l-yl)-1
t et r amet hyI uamds rkymdlemhhu@immmsthtoeser(dd/ﬂldquwaleqls),\uaingrmsw 1

- hydr oxy- 7 enzotrl oI e J, 4 e vaI en

di i sopr ob@l ef1 PRt Ii’ﬁezo ngs}]t?fr\%’le&éf ‘E?nlfnr‘fmbk}?‘aﬂ‘r‘?)roﬁggsfpthf‘t(?ns 3 through
7 were coupl atiA%rfwéEth@leﬁifs) - 18I0 B R SHeREbtAL AN Q{O Irew@glﬂemmaj i ne,

phenyl al ani ne, and tryptophan, at a molar ratio of 1.35: 97. 4.47: 1. 1

(10 15 equi v ahddii sprapy ity lamisie (DMBAN eqpivalentdonpiviEaile positionhd di f f er ence

in the cou I|n ficiencies | o lle, S. E.;
Dool ey, C. p cWF%ercouﬁfeg (‘é’lx ué%ﬂ%ﬁJB Ochﬁ)m%gﬁgah% rhe Bﬁcmﬁ a'} g’r satility
of positi Onabhé@i’dldiﬂlﬁ@ an ¥ tbghmatcaaﬂf@uaaétwcuaﬂ 33:i1ty7adi4gs 1 pe10t he

identification of individua ounds. Drug Dev, Res. 1994, 33,
133- 145) 15 2oe®tlaﬁm aerﬁuws}ad@%&ng)é@ éOTGP‘i’HSthé@F the diffagngeda theynt hesi s except

o i s ol e FARPRIAEE ABRD PR WMol €L BbbEY, AN, LhE even

posi tions am'nh oSl t1ron ‘uré of
N- Boc- pr ot ec Egshide- RDsteesh aIcMisHohghiem(R, Aargersatiéty ofbusidonat samnmg and
serine, at a nmolar ratio of 2. was . G

.34: . 1.31:. | e
equi val ents $BHRgHS wé@pwqr@é&m@fs f%fﬂ'tl‘é#de?@?ﬁ?\?ap opndjyidu udl o Comp unds
Drug Dev. Res. 1994, 33, 133-145).
20 Standard procedures were utilized for peptide synthesis except that the

odd positions contained amino acids of L-chirality and the even positions amino
acids with D-chirality. In position 8, a mixture of N-Boc-protected D-amino
acids, lysine, arginine, glutamic acid, and serine, at a molar ratio of 2.24: 2.34:
1.31: 1 was coupled (10 equivalents versus resin loading). After removal of the

25  N-terminal Boc from the peptide chain with neat TFA, the a-Fmoc on the
carboxyl terminus of the glutamic acid was removed with 30% piperidine in
DMF to allow cyclization of the peptide on the resin, using HATU (2
equivalents), HOAT (2 equivalents), and DIEA (4 equivalents) in DMF/DMSO
and/or benzotriazole-1-yl-oxy-trix-pyrrolidino-phosphonium

30  hexafluorophosphate (PyBOP, 1 equivalent), N-hydroxybenzotriazole, (HOBT
1 equivalent), and DIEA (2 equivalents) in dry 2M LiBr/tetrahydrofuran over a
period of 24 - 48 hours. Peptides were cleaved by standard high HF cleavage
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25 N-termnal Boc fromthe peptide chain with neat TFA, the a-Fnoc on the
carboxyl term nus of the glutamc acid was renoved with 30% pi peridine in
DMVF t o alwowzo9isbs zati on of the peptide on the resin, usi rgTHAILNA329

equi val ent s) 16l 555 (2 equivalents), and DI EA (4 equivalents) in DVF/ DMSO
and/ or benzot¥iaz0e- 1 -yl -oxy-tri x-gyrrol i di no- phasphani um 30

3
hexaf | uor ophBesedire washegbmith ptheg thepsxaatisd withr Ve seiip ariddeiowedone, (HOBT,

1 equival ent b%ﬁn?ﬁ‘%ﬁéﬁ%?&gggiﬂ?%g@& %’Fhiﬁz 'y 2M Li Br/tetrahydrofuran over

a period of e cleaved by standard high HF
cl eavage 65 WO 0Zhé9phdRGhnt)S0a¢ dABR Peptiiedibr@® Svienpesohodungethe washed

with ether then extracted with 10% i cid foll oywed DVE. The
extracts wer &"pt5e glogical 23K _KIPWfO%ﬁ\.%ﬁEI'H%“gp‘@%ﬁef‘fté’a‘eﬁﬁ‘?rﬁgg&?ﬂe&asnoBf t he
peptide |4 brgf me%eﬂ%ﬂs%%rm\m Ji8sddient g%@«aﬁ&gsto@e?ﬁ&gﬁmﬁeméﬂevi ty (I owest

M C value) were retained for the generation, of the next set of »
libraries. Sepskagiredtn geinglaafishion, withpegipliting ofitherasimsafiee the copplintgesi zed in

a simlar fashjon, with the splittin the resin after .the.coupling of
the specifi eap%%%c\f_@%frmmaé‘f@? H‘netﬁ%g‘F&grmtﬁg pbervé({}’lscﬁﬁgerété%?g Gon. The
peptides of pLHRIFEBPIHBRbMbIMtorlal Hb@FitEwettadentifdablicldcadsiisy-mass

el ectrospray-nass spectronetry (ES-MS) or MALDI - TOF mass spectronetry. 10

When a pept i erecirpiety yESPHEPrardd 1T meps RPECiERrBeiaY-at i on of a peptide
showed agtivity, kndiVvi i . - I urified and
tested ag%i n for mnvﬁ %%yahigﬁﬁgzgﬁ%‘f@"g‘ éf%@é%@g%gﬁgr??fc%ﬁ%p? dg pepti de
having a | oghoWddi aatimity, ildibiduelpeptdesoedit ratyrhesizat JEPLC-purified and
cyclo[D-Arg-L-G@n-D-Arg-L-Trp-. D-Trp-L-Leu-Trp-L-Trp]. (SEQ.,ID NG 10), was
resynt hesi zetfstefPgandor 3t iviy, Feexanwle aSTwls AreRaralian; J-frﬁ REPHET g"f"‘%&:i‘ ivity,

and was foun : 6l 00i Vi 1 bak ot - e AW GeTro-
Si ngl e- @mo%r%ﬁlﬁlgfﬁﬁ%é%mgg%ﬁ?ﬁg?%ﬁg Mlgl ‘iajg F[»Qg’?‘fgég Cil?%? %r?ggTacl ic D
L- a- pepti de ©oTip-bdteorTrpdL-Ti)(REQED Nerle),pvaspasyathesizeddIRL Giperifiad)

bead- one- conpound strat egy. on.macr.obeads by _.a | it and pool nethod. See,
<8 Lants M Brbeted v e ishabial eeian gnb S savdie bev Bl e na or i o
| i brary met hgehiiar @@ crddey. 1997, 97, 411-448. Each bead contained a single

sequence and was dispersed into mcrotitre plates using a density of one
bead per well. C eavage of the peptide froma single bead provi ded about

;gb?gxi. Ergt Ce)r §i2n5£6c86:3h{p%%n %rer elacll Cokmiﬁa%%v @ycﬁéc Pg[?t%ei: El r%nQilerls d be used for
Cyclic D, L-a-peptide combinatorial libraries were prepared using a one-
20  bead-one-compound strategy on macrobeads by a split and pool method. See,
K.S. Lam, M. Lebl, V. Krchnak, “The ‘one-bead-one-compound’ combinatorial
library method,” Chem. Rev. 1997, 97, 411-448. Each bead contained a single
sequence and was dispersed into microtitre plates using a density of one bead per
well. Cleavage of the peptide from a single bead provided about 70-80 pg of
25  peptide per well. This amount of peptide could be used for approximat‘ely 100 in
vitro anti-microbial assays. Mass spectrometric peptide sequencing strategies
were used for rapid identification of selected peptide species within a given
library.
Solid-phase peptide synthesis was performed on polystyrene macrobeads
30 functionalized with a TFA-labile trityl linker, which considerably facilitated the
synthesis, handling, solid-phase cyclization, and final side chain deprotection

and peptide isolation. The growing peptide chain was linked through the first
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vitro anti-m crobial assays. Mass spectronetric peptide sequencing
strategies were used for rapid identification of selected peptide species
wi t hi n a wowem9oshs brary. Sol i d-phase peptide synthesis waecparshoi4sed on
pol ystyrene macrobeads 30 functionalized with a TFA-labile trityl I|inker,
whi ch consi d?rﬁh??f’y acilitated the synthesis, handling, solid-phase

cycli zati on, aming dcichsifle ehaire(feheiamplelysve O hisidinehiodhe apyl maietsol ati on. The

i t chai i o : ' /:090503
DT o2 1 SRR s HE s A i . ROlkaliB of by B BROPIOP0% o o
hi sti di ne) t gedubgcetdnl ol stippcet. yTheal-tarbbrg ghup sfthe6itst Weo Hiegchrhiaot ai |

cyclization of the conpleted pgﬁ)ti de sequence on solid s_upgggt . The

a- car boxyl gaadpraspratered asanaliyl estermdiesinipading andipepiide shap slngelils an al |yl
ester. Resin_|oadi ept | i I i d under
standard rm%'agB%if(g%ﬁagggap%ﬁdgﬁeﬁggén I@ﬁ g&i‘%éﬁg\??ls r%}é\@s%u%ﬁgggé lorotrityl
pol ystyrene ggiag ofleadrityepolpstine nE6fdbead rePRIE 0060 ulp Peptivati onal ) as t he

solid support, with HBTU as a couplin ent and . 20% piperjdjine in DW
for Fnoc depHBer@aiqnsh.asphg @rlldéBPtRﬂrEt"‘f‘g‘rﬁg%%taﬁél POHRLRE EEABTY anéé&,é coupl i ng,

the resin mgiﬁgﬁ&mé%%m RAIEnAfl ik @ foRk AT EARBROYA BRASHALNMInd0 and

N- et hyl nor Ine to renove the Ctermnal al protecting group.
Subsequent Nadiécoupialg, fhevesinvps otpostd wrpalledivovettalds(trggtehylpbgspbye) i zat i on
with PyBop(r),. proyided the desired | c _peptide generally in high

yi el ds. B nghed NFFH@%%‘B%’%‘O %todFI?B‘é$§%§'}eﬁflg’ag?@ﬁrpé‘%gc 5r8‘¥}?'n mcrotitre
pl at es manuak|yseQfedd N-tehfiHABFRoP 8@ REERERNBed AHEtR 19 Sfliesliohweih ¢ pept i de
was released fromthe solid 15 support and deprotected in one step using a

95% TFA (5% ExBop®, youed terdsyiredswyiclie peptidesgenerelly inckigh geelds: fanglel vent was

removed in vacuo,to, yield cycli.c peptide, W th.hiah rity. e ge

condi ti ons aﬁﬁc'(%??éj-sd”basdgs@@ﬁﬁfgr‘%tg %?eete wEeHI I} cf/t%{)e ?tﬁ‘ic‘ fi“éﬂu‘%cﬂa’ %?ﬁl%m nat e
non-vol ati | eu§ifay BBALAiSpchset. Merdte@tbd Yyclidplplidy wasisldabddefrerh dgatid from the
final peptide. Peptide libraries obtained by 20 the above procedure were

suf fici eht | ysynpoe anddeprotected iaRng stp 8588 %‘?ﬁ%ﬁé&é"(@ﬁti%é@dﬁger%t erials:
Aot ont 12 LR Bl L A1 QAPLAPRE BB TRUAIRM it o
(sequenci ng gemide)wittdhigh ppritypyQledviayé estidittons h&®Ark-pp précddursy weteesi s gr ade) ,
f2 > and piper grie?zﬁl (c? rt]irr]r}/igédotgse imvi\ﬁz{tee ng#-rvglgtalfées(ga\ternoé?s Elng hgtrengﬁfi used wi thout
urther g y op g Y y
deleterious side products from the final peptide. Peptide libraries obtained by

20  the above procedure were sufficiently pure for use in anti-microbial selection
assays.

Materials: Acetonitrile (HPLC grade), dichloromethane (optima grade),
dicyclohexylamine (DCHA), diethyl ether (anhydrous), dimethylformamide
(sequencing grade), diisopropylethylamine (DIPEA, peptide synthesis grade),

25  and piperidine (anhydrous) were purchased from Fisher and used without further
purification. Trifluoroacetic acid (TFA, New Jersey Halocarbon), and 2-(1-H-
benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU,
Novabiochem), benzotriazole 1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (PyBOP, Novabiochem) were used without further

30  purification. Tetrakistriphenylphosphine palladium(0) was purchased from
Strem Chemicals. Commercially available N-Fmoc amino acids for solid-phase

peptide synthesis and trityl chloride PS (1% DVB, substitution 0.5 — 1.05 mmol
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purification. Trifluoroacetic acid (TFA, New Jersey Hal ocarbon), and
2-(1-H benzotriazol- 1-yl)-1,1, 3, 3-tetranet hyl uroni um hexaf |l uor ophosphat e
(HBTU, Naoahiogasbhen), benzotriazole 1-yl-oxy-tris-pyrroli écmasohosphoni um
hexaf | uor Oph?%%g\;v (PyBOP, Novabi ochem) were used without further 30
purification aki

stri phenyl phosphi_ne pal | adi up( Q) hased from
Strem Cheni c8l )sfeS@dﬁ?féPé‘?cgf} aptaires ﬁr%ll‘@vﬂg ﬁ%nahgﬁﬁleﬁblf)‘ét%?ﬁi i d- phase

pepti de synt ubstitution 0.5 - 1.05
mol 67 WO Oglﬁgﬂggg%f}gg%#%g%ﬁa?#{ggquﬂ@egGfg%rg%ﬁv%?o%ai1) resin were used as

obt ai ned from NovE&peaapveionay FeacHewineBact-Pallph| RmoadbysindBoop@adlyt esi n was
obt ai ned from Pep nter ati gnal

id i f
Frroc- Lysi ne(B’@E?laéﬁF‘%S‘/’F ing-fothe p ?‘H’é(oégé?e rt Oln\/\ﬁ sArd s8R ng to the

protocol of {§ahes, DS Bdany, 8P! Ribeiof¥. Te@r@tma@r‘éﬂieg 1993, 34,9 sWodsgn, D. ;
Barany, G ; Albericio, F.” Tetrahedron Lett. 1993, 34, 1549- 1552,

Froc- Lys- ( BoEinoGHys%Bgc)-Q8L @ sxid6)mmel wee @dded to allly] yrontido@Sdel(329 ni, 0. 29

'rltﬁle) re;glt: g\r/]ved byéﬂwﬁ H(I?%)E?o@% mggcfhl ttlﬁae %Wﬁeai]gi?a&%gvgfoogg Fo];l?raﬁdh

after dil utirpérdattidh Rhdyllovasiad abs, mﬁ:emétedy witirly eRaporfticn, bhdHiter 2 x
saturated sodium 10 bicarbonate at pH < 9.5, followed by brine. The

organic | ayedllwml with etlyberetate wagWasheg adthol x §i 1| NEHClgd x sahuatedpedivir at ed t o

afford a d Thi w th e whi te powder
that was! lcﬁlibf’g%tﬂ 61%%%}%%“?‘?@%5““ 'gie 3r§$ ¢ @@8%%%’5@%8@ Chai n Boc
Protecting Q}Qéﬂgh dedTIRi1RArdePAR cohberdriudrtd aﬁfbrd:amﬂrdLSrh{sﬁoﬁdv@AI lyl for a
resin loading of 0.5 mvl g 1 was placed in a round bottaom fl ask.

suf ficient divesliedrvotieetherte Provids s wbitg povaer thywas ured diserdlydn ths nexhed by an
equi val ent arrgﬁlnt of TFA. After stirring for 1 h the solution was
evaporated and“the residue of Fnoc-Lys-QAllyl was dried in vacuo. 20 Resin
| oadi ng. Trityl cmepfdzdﬁzohe)f“memnsmPmaeatmgd?ryuﬂeAmﬂprropaalte ( Na2C3)

di chl oronet hane for. 20 min. A sol ution of

di chl or ohet hameuief Fapseleys(BoYHA l¥dpha rqsmqleaﬁflas 8?9%@9{)&5&"‘% 4 eq. of

DI PEA. After LSt !
di chl or onet hgﬁ‘ll%a&<f r%ﬁhs%bﬁté%ﬁ\% ta% ﬂ%%%@d%%%%%ﬁ%%ﬂ? a%%d%% WelsBiia

di chl or onet hameadded falowedby A eqrivalers himognie i TF Al Alikostorieg farleh thed dryi ng
'n solution was evaporated and the residue of Fmoc-Lys-OAllyl was dried in
vacuo.

20 Resin loading. Trityl chloride resin was swollen in dry deacidified
(Na,CO;) dichloromethane for 20 min. A solution of Fmoc-Lys-OAllyl in
dichloromethane was added to the resin, immediately followed by 4 eq. of
DIPEA. After shaking for 2 hours the resin was washed resin with
dichloromethane, then shaken with 10% MeOH: 10% DIPEA: 80%

25  dichloromethane for 10 min. After washing with dichloromethane and drying in
vacuo the resin loading was evaluated based on Fmoc released monitored by UV
absorption at 290 nm. |

Peptide Synthesis. Peptides were synthesized using standard solid-phase
Fmoc protocols (see Wellings, D. A.; Atherton, E. Methods Enzymol. 1997, 289,
30  44-67) on the Fmoc-Lys-OAllyl loaded trityl resin. Following synthesis of the

linear peptide the resin was swollen in dry dichloromethane for 20 min. To the

resin was added a degassed solution of 0.5 eq. Pd(PPhs)s in 90% CHCl;: 10% 4-

68



vacuo the resin | oading was eval uated based on Fnoc rel eased nonitored by
W absorption at 290 rim Peptide Synthesis. Peptides were synthesized

usi ng st awdan@oesos i d- phase Fnoc protocol s (see Wl lings, POT/US02/1482her t on,
E. Methods Eng %55%' 11997, 289, 30 44-67) on the Fnoc-Lys-OAl Iyl |oaded
trityl resin. oW ng sngé |s of he Ifr g% wge trd.e t he rE%Ln was

swol  en in dmethympPsPBR%t F‘SPgEB A forry hp GEesinVaRabSatftied a
degassed sol 02/ 090503
PCT/ US02/ 143%{}105‘%?@%"8‘6’3\}\@”‘1?‘% Bﬁﬂn%%h a%ﬁ’ éﬁn g;%@ﬁ/l ﬁé Zﬁﬁ%@? Ar for 5

hours the rest DA (RS hefin) M DM ASRE tel fﬁm Efnowepxecacuam (25%
di met hyl thi ocarbamic acid in DVF (3 x 2 min), |1%D PEA (3 x 2 mn) in DV
After the fi pa:ierlmma;nﬂéﬁ? et o), {e5ysin mapéraﬁhﬁdﬁéoﬁongmwp\’ltmDMFl@ mn), the

D) P 3 3
o) 05 o SR e O, BN UM PR o
5 eq. HOAL, ?élnﬁqas@a?é%ims@qwoﬁlﬂd Bdaf, 00 e&tntmﬂn d@MlOUFS After
washing with n) followed by MeOH t he peptide

was cl eaved U@VDMﬂFefor etsleast aﬁdiourdemftwt wcaslenlg wilthtDMFF30x<T3 ®8in)2D6M (20: 95%
TFA. Pepti des were recovered by 10 precipitation with ether or by
evapor ati on &f3 MHQ M@Féepu%ﬁ’ﬁs @vehirgm tbé%?&/“ﬂ‘l@e anti mi crobi al

activity of hgﬁar%&%hlvﬂ $OSTI4CE SMNPGYSTIN, Bl harfldetdbip@ssay

essentially a escrre e gurde I nes |ona

t he Cont tol pfecipaﬂamsmwahyetlﬁt anblaedpofacoS)he[dNavagaaixt@emmi t t ee for 15
Clinical Laboratory Standards. Methods for dilution antim crobial
susceptibility  tests for bacteria that grow aerobically. Fourth edition.
Approved St aﬁd‘é’r"&fm{tbi $aY Docunent M7- A4. (NCCLS, Villanova, Pennsyl vania,

1997]. Test tubegpf a&%&%ﬂlwabeﬂtmm@géptm@s Wa@ﬂ@t%frﬁﬁéd piag 8Broth
(mcrodilution nethod) containing two-tfold serial dilution of peptides

wer e i nocul adddtion atSISaW@Wrrmﬂy 29 d¢ssnedin the guidelingsed the@datiangl Somputtesded

Comrer oi al 1y G +abRY Tadharelty SndGR GRECRSEM R COfmEa sl

concentr g§ i Oﬂ;fhnﬂzﬁfiLﬂﬁiratb@SSt%’da@dng&ltm zErtzKﬁQMmzcl"@bzw Suls€epkibBiy t s using
both nmet hods were reproducible and in all cases MCs fromthe

macr odi | ut i ofesadenbarieuit bakgngn aarebicyhy. Bﬁe“rlurdlutm grrseyedwtandded | nhi bitory
25 concentraiiqns G GhdH: VA ARY NEEL8 W hdhd AN PEERY R ahigefooY). FO%! an.

Antibiotics n
tubes (macrodilution method) or microtiter plates (microdilution method)

containing two-fold serial dilution of peptides were inoculated with various

20  Dbacterial cultures. Controls included non-inoculated medium (sterility), vehicle
control, and various commercially available antibiotics for which minimal
inhibitory concentrations against tested organisms were known. In vitro results
using both methods were reproducible and in all cases MICs from the
macrodilution assays were equal to, or one dilution below, the inhibitory

25  concentrations determined by microdilution tests (See:V. Lorian, Antibiotics in
Laboratory Medicine, Williams and Wilkins, Baltimore 1991). The
microdilution method has the advantages of requiring less amount of peptide for
each assay and the possibility of multiple simultaneous inoculations and was
used in most studies. Several of the strains of bacteria tested are further

30  described in Table 3.

Table 3
Species Strain Type Special Properties
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Laboratory Medicine, WIllians and WIkins, Baltinore 1991). The

m crodi lution nmethod has the advantages of requiring | ess anount of peptide
for eachwesgagosend the possibility of nultiple sinultane@as/isapeskat i ons
and was used in st studies. Several of the strains of bacteria tested
are further 38'%&%liped in Table 3. Table 3 species Strain Type Speci al
Properties 6%RAEED2/ 09C3RIN PCT/ (¥PS/ 143%RF E’P BsswoL Species Strain Type
Speci al  Pr operfacles cagSi AT s 110éS &igmATCC 11778 Gram positive Enterococcus

ATCC 51299 Gagntevmwmc/xfba@&b? Hh - (vapBkom EReSLAN bR EERLE posi tive
to vanconycin &gﬁg mcin and s [BRERNY CloNancobtif 'JR@ 180 Gram
Vanconycin reS| stant (vanA); resi st ant  §tReGHyéem.posi t | ve to rrul tiple

anti bi otics SteyarydoeeRCcaip1@52 G @rtmsS auvandsmiisietistdft (=naRhedistmoccu ATCC
33591 G am Metrhéoint | | n-r esi st ant .positve autoeudipfecstitiotice St aphyl ococcu ATCC
33592 G am MetStamilobacaw r@sd st ant ;Graresi stant to nultiple s. aureus positive
anti biotics Styapuscoccus ATCC 6@9&“‘@ am pneunoni ae positive Listeria
ATCC 19115 Géﬁphmweyt%%@%bﬁrﬁmve Me&'&i'ﬁé?ﬁ'%qﬂta K12 Gram Ref erence

PgSi |
sl ool B e, SeL LRl Lon LPER) Lol call R

(tol C :kan) neﬁfﬁ?fo}{&:cus ATCC 6301 Gram

pneumoniae positive

Listeria ATCC 19115 Gram

monocytogene positive

s

Escherichia K12 Gram Reference strain
coli negative

Escherichia JM109 (DE3) Gram

coli negative

Escherichia EL744 K12 Gram Lacks key efflux pump component
coli (tolC::kan)  negative

Hemophilus.  ATCC 49247 Gram Reference strain
influenzae negative

Salmonella ATCC 14028 Gram

typhimurium negative

MIC Determination; Broth Dilution Method

Preparation of peptide solutions. Stock peptide solutions were prepared
in 5% DMSO in aq. sucrose (9%). Determination of peptide concentrations was

5 done by quantitative HPLC analysis using known concentrations of internal
standards and/or by measuring UV absorption of tryptophane-containing peptide
solutions in H,O (A=280 €1rp,: 5690). Serial 2-fold dilutions were made in the
above DMSOQ/aq. sucrose (9%) mixture with concentrations ranging
approximately 400-2 pg/ml and aliquots were dispensed in test tubes (100 pl) for
10  the macrodilution test or in microtiter plates (20 pl) for the microdilution assays.

Inoculum preparation. Overnight cultures of different microorganisms

grown in suitable media were diluted 4000 times to an approximate inoculum

size of 2.5 x 10° cfw/ml.
Macrodilution method. Macrodilution methods were performed using

15  procedures similar to those described in the National Committee for Clinical
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Henmophi | us. ATCC 49247 Gram Reference strain influenzae negative

Sal nonel | a ATCC 14028 Gram typhi murium negative M C Determ nation; Broth
Di | uti on Wietdhmeos®s epar ati on of peptide solutions. Stock peptride2/sakuti ons
wer e prepar egmbnwg% DMSO in aq. sucrose (9% . Determ nation of pepti de
concentrati ong Was done by quantitative HPLC anal ysis _using k

concentr at i oﬁ@b@ﬁtomﬁ@ﬂ%ﬁs Hethest/asdiatier sripyer Agursrenyid Wéﬁ:ié‘cfn Phtion of
tryptophane- gont g ma?gm%}?é»oﬂz%fukg @oﬁgh Qfiioh. “@{%&é@swﬁ@a@d ﬁ@@/g 5690) . Seri al

2-fold dilutirons were sucrose m xture with
concentrati oﬂmacmaaglM@]—Azapmccxswrﬂlehqmaémﬁnﬂylpgmaj 1991). dwoqmbtlsjuats e

di spensed in st tubes (100 | the macrodj |l uti test gr.in
oot ter pPhBLOYHDMPSuE v ASREFO ek ion caetuyee SetGE hritide
preparation. SMEsH gmer%euwﬁ&ﬁat@h @i it SRRIng o T PREEE MeIBRestdr own in
suitable nmedia were diluted 4000 tines to an approxi mate inoculum size of

2.5 x 105 cf uqmdentrawhmranmhhqhnmbacmlahmth@s obideredi vors mearteshas ther e

per formed usi 15 procedures simlar to those described in the National
Committee fo "inical 70 WD 02/090503 PCT/ US02/ 14329 1361. 009WO1
Laboratory St andapfigrodVeiidosiemb@r Mitlobillitivh raethbds wérepleatbrbed et i bi l ity
tests for bacteria that grow aerobically. Fourth edition. Approved
Standard ( 1991K)C6durﬁ)b@mm1§h'{0 tmmmscr(hqé&@e\wa}uoaﬁl&@nmni&?rfgycmlﬁala 1997)
Two m a f r

cont ai ni ng d| 1El cér?% éﬂﬁdﬁﬁ ?ﬁ’% 'i%ggr{}g%a% l?’écfrglglﬁg c%lglc]f?\l%g%es C W th

shaki ng for bBctBﬁ&lﬂ&ztghﬁv h@wmzlly Fonrtk nditiah i AppravedBtandard 1994kt eri al growt h
was observed was recorded as the MC. Mcrodilution nethod. Mcrodilution

met hodsI wer eD@é\dmém;Ma-Ai’siﬂﬂ@aér‘é'élém}'iaege@ﬁsm"?@?’ {1t h%’@htydé%ﬂﬂ?}?'d in the
Na
e o S oS ok AR KSR 8081 R ARSRE s

aerobi cal l'y. dﬁwﬂéﬂt@eﬁtﬁhetsoﬁi’ﬂloné\mmmv&lﬁhteﬂﬁﬂdahdit 8190 With shBthIQjﬂlitesM? Ad.

(NCCLS, Vil I'anova, Pennsyl vani a, 1997. ghty al i uot ?ﬁ he_above
i nocul urm er ¥ei sspledul w%féingf@ ayeid eXﬁ?%wat%@ratﬁﬂrw é’é‘ B g

?:O fferent peghd MACSO e raRa N BaR GAPWRL pbiBomrdd 4t 163kt Sidedartl difdrshaki ng
were typically + one dilution.

MBC Determination

20 Minimum bactericidal concentrations (MBC) were determined according
to the guidelines of the National Committee for the Control of Laboratory
Standards (NCCLS). National Committee for Clinical Laboratory Standards.
Methods for Determining Bactericidal Activity of Antimicrobial Agents.
Approved Standard (1999). Document M26-A. (NCCLS, Villanova,

25  Pennsylvania, 1999). Fifty pl aliquots from MIC, 2xMIC and 4xMIC assay
wells were removed and plated in antibiotic-free agar plates by using the
lawning technique. Growth and sterility controls were sampled in the same
manner. The lawned platés were incubated for 24-48 hours and the MBC was
determined as the lowest concentration at which 99.9% killing was achieved.

30

Membrane Depolarization Studies
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15 were sealed with parafilmto avoid excessive evaporation of culture
medium) and MC s were recorded. Each assay was perfornmed at | east tw ce
and errorwo oeep@sos ypi cally one dilution. MBC Determ nati eaTaGoM4zzaum
bact eri ci dal 3(:6?@3\9%r ations (MBC) were determ ned according to the

gui del i nes of*tHe" Rat i onal Conmttee for the Control of Laboratory

St andar ds ( NCCLS) Mahrarsrdgpolzsiatian wes mepitared by & shangs i fI4016F5F1%% andar ds.

booroved 3 < RLPT 08 B LRt b PRIt Ao o
Pennsyl vani adipt&8&hiadfdaftioyydnidd iodidet(8iSTanImdcES. 2xdhGranrdgrdwdhiSassay

wells were renoved and plated in antibiotic-free agar plates by using the
| awni ng t echfC guih. aglEatowt to middogpbasel(Dt.co a1l.$oCsllswers wanifhiged ad t he sane

manner. The | awned pl at rein ated fo - r.s .and the MBC was
det ermi ne a§va\é¥%§ Q%Wé'f‘%é%ﬁ{:é(?t@g{fg%osﬁ’tgW%P%.&&HﬁjW?ng was achi eved.
30 Menbrane RapgieAdde@tan@ DSH6H ©SS ihla SNRIIEPHURD 20t aftind GJPOZ/KIZ329

1361. 009WO1 Menbrane depol ari zati on was nonitored by a change in

f | uor escence Celisriversi ipenbatederidh 1 yMbeiSChandhasiahe reduatipmelcfluorescence

potential -sensitive dy ‘- L adi I olell di SC3).

I ntact S. auwgﬁgc%‘feg (%pgc\k’%mé qugg g@{){h}%&ggg ?‘g:tg %Q{H 690%%9?%3% ase

(O D. 600 = Otte)bacteaibl MmemBrage.C Pajitides weethddad fiommasdkedlaivne (Wigmbuf f er (20
mM gl ucose, 5 mM HEPES pH 7.3) and resuspended to an Q D.600 of 0.05 in a
simlar b@fféksS@Mm@iSr%EE/I%QinM%e}l? succ%aeé‘%%%c sedssitd it h 1 M di sc3
until a SFabllst?@ESﬁéeHQat?Jns.ﬂ uorescence was achieved (approxinately 15
mn), indicating rncorporation of the dye into the bacterial nenbrane.
Pepti des were added from stock solutions (1 ng/m) 10 dissolved in 5% DVBSO
i n agueous sucr o?e,(ggﬁg,to achieve desired 0.1 to 10OxM C concentrati ons.
Henol ytic Se qlyfi¢ HMaBtivity of cyclic peptides for bacterial over

mammal i an cel |'s Wag|eciatyeMRlyHiRd ShtiaYs 15 8adEid1GvEtaihRneh 68lslwdienol yti c
activities as described’in "Tosteson, MT. Holnmes, S.J., Razin, M and

Tost eson]5 D. €valddéd by ingasuyisigsedbloo®Redl! Ignolstic detivifeasias daseriBedin 87,
35-44(1985). Tl(;'gtgs%lili, M.f.eglolfrrxl{ési, g?].,tiia%%? MGRd Tosteson, D.C. Melittin Lysis of
Red Cells, J. Membrane Biol. 87, 35-44(1985). Heparinized murine blood was
centrifuged at 1000 x g for 10 minutes. The supernatant and the buffy coat were
removed. Erythrocytes were washed three times with 0.9% saline solution and
20  thenresuspended to a concentration of 5 % in saline containing 10% FBS (v/v).
Red blood cells were then treated with serial dilutions of test peptides in a 96
well plate at 37 °C for 30 minutes. Control samples included a saline solution
and 1 % Triton X-100 as 0 and 100 % hemolysis, respectively. In some cases,
mellitin was used as a further control. Mellitin is a linear peptide that is
25  hemolytic against mammalian red blood cells in vitro at a concentration of about
10 pg/ml. Plates were centrifuged at 1000 g for 10 minutes. Aliquots of the
supernatant were diluted 2 times with saline solution and the absorbance was

measured at 560 nm.

30  Preparation of Peptide Solutions for In Vivo Experiments
Stock peptide solutions were prepared in ageous sucrose (9%). To

facilitate dissolution of the peptide, the initial suspension was sonicated for 15-
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centrifuged at 1000 x g for 10 m nutes. The supernatant and the buffy coat
were renoved. Erythrocytes were washed three tines with 0.9% sali ne

sol uti on wod22s0hen resuspended to a concentration of 5 HCTrUSeali3ne

cont ai ni ng 19 §§§ {v/v) Red bl ood cells were then treated with seri al
di lutions of tes eptldes in a9 well Iate at 37 C for 30 m nutes.
Control sanpk@#inn h%@ﬂ@&lnad§(§ml%w%$tﬁiﬂﬁ?ﬁ bypssage shravgh H#eUe100 as 0 and
100 % henol ygi S sed as a
further cont?éﬁpm@ﬁwébﬁ)f?‘? ra?néegﬁﬁlgggs??dge?ﬁgtda%léﬁ fﬁ‘\%%rdrgl yt| c agai nst
manmal i an r egoritboredions Was dmﬂbNyUNcababrpaonuanmt(kaZSOcn}rpo%%hmm M'10 g/n.

Pl ates were centrifuged at, 1000 Al i quots o

super nat ant {@& rt’éfpﬁllplhéﬁ'éﬂ@mmg@éggﬂ%‘ﬁ pfdi égﬁegﬁ‘g aé‘g}s%st nsifogpdyta b Oag@d r bance
was measqr eg{ @k onéQords ncﬁff% kI §RAT AtdrRRtivRly, Bﬁ%'ngéhtéﬂl)ﬁg banRsiohor I'n Vivo

Experiments ock pepti e sofutions were prépared | n ageous sucrose (9% .

To facili tapq)mﬂessmk sdlubonsodert ldetepapiei by quadteative HPRC agalypensingn was

soni cated foy 15- 72 WD 02/ 090503 PCT/U 02/,1432 %l 0%9\1\01 20 min. The
obt ai ned sol HYhcWKENERRF PT g 5ig94a ag u?wglaﬁgw& SPUPHPE W a5m filter
(COSTAR, St apy rgigﬁ,ﬂélpgll{l@gvolthg;gﬂ% Jueids® H9gy. peptlde concentrations was
done by WV absorptlon in HO (a, =280 ETp: 5690 cm'M1 for

t rypt ophan-cont ai ni ng peptides) of different aliquots and found to be
60-70% 5 of the one corresponding to wv. Alternatively, the concentrations
of various peptide stock solutions were determ ned by quantitative HPLC
anal ysis using known concentrations of internal standards. Further the
pepti de solutions were appropriately diluted with sterile aq. sucrose
(999. 73 WD 02/ 090503 PCT/ US02/ 14329 1361. 009W0OL1 Bacteria Preparation for
In Vivo Protection Testing Bacteria were prepared for in vivo using
procedures simlar to those as previously described. See V. Lorian,
Antibiotics in Laboratory Medicine, WIllians and WIkins, Baltinmre 1991.
S. aureus MRSA bacteria (ATCC 5 33591) were grown at 37 Cin 5 nL of
Antibiotic Medium3 (AM3, Difco Laboratories) with agitation for 12 hours
to a stationary phase. Cells were collected by centrifugation, washed
twice with saline solution and resuspended
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in about 10 nL of saline to an O D.650 of 1.2. This suspension was dil uted
ten times in a sterilized 5% mucin (Difco) in saline to a concentration of
2 10 4x10wofa/omdsof act ual i nocul um size was verified by colpamyuSonwses on
agar plates). Vancomycin resistant Enterococcusfaecium (VREF) bacteria
(ATCC 51575)36w@pwogrown at 37 Cin 60 nL of Brain Heart |nfusion nmedium
(BHI, Di f coBaadepindrepaesijonfoi fn &piot Briokemtioh drestifig hours to a stationary

phase. Cells were_ collected by%(fﬁ)gtri.fu ation, ﬁ/ashe.d Fvvl ce with saline
sol ution and resuBpERERYCHEPIFRAT IRYIVE FFIN Precedures Ayt {9 B'9PC ¢ D. 650 of

9-10 (deter "in%@f%u@l%{' deddeitRd, S8 ©500@4n, AkBbRRicE R CadidibyadedieimB) €s and

correlating It to the original concentration). This suspension was diluted
15 times in Wiltasrsiand W dkinssBalidnore(I994 c o apreus MR B bactera (AbhEent rati on of

ol at os) . 20 P VB PG &f tire T et S AT AREA RRAr e” Cor od i

mce to ascef hRiritoBOWIE adifa@yn ford2Ildufrtotagedtionhts phasse Crlaweed bacteri al
i nfection usi nEegtprocedur_es simlar to  those described in N Frjinodt-M her
et al., The slsstedpercentifigationsepshied twise afith sphng splutzgn qnd rgsuspeded | )

HANDEIODX OF (M) MEDESLE. LNBTECT) N 2T -1ifs ocPERNSITLE BIRaRA290). Ml e

Bal b-C m ce ., appr oxi mat used 1 st udy.

St aphyl ococctimegii ©st6riMRIAS% amiciy (DifcoNhGElIBS ld Jonsernteatph@fr-at 37 C with
agitation for 12 hours to a stationary phgg{g Cells were collefte by 30

centrif ubfat i S0 cRadn@ca) ineculim sizearas yarHrdiby edlgay epnition 8BS RIASSH, 650 of

1.4. This suspensi j i A é ended to
PenslRthnffisy flis{st ﬁ?@%&&gﬁ%& bvﬁﬁq PRIGHAARSYSP

a concentration o 7cfu For each peptide tive groups of eight
mce per 74 YOBIMEO508nRCT7 (S026Q 432¢f Braod e a0BifGiorgmediumydHEL i nf ect ed

l.P. with 0.5, of the. above Staphyl ococcus, aureus MRSA aration

(1 et hal doseﬁ:‘f{yﬁéﬁ{’?}?ﬂr\?é ‘M%%‘@Oflﬁfa‘r?ofw&?tom%wnﬁm ?'(F)t???lgé”af:&% group
was treated Wiiddted i deh@ifegitiod ORashell tWRBWitiSaBisAuiiidddbsi@p@idRdr ecei ved
vehicle only. Mce were nonitored for fourteen days; death was defined as

the 5 enth poimté mIMdciakine foratheareiieny Qibs e OPTHEtewamed baltdunaPOélesss of | owi ng

(1S, e o SN T 3R o i GO LR T
peptide was suspension was diluted 15 times in a sterilized 5% mucin (Difco) in saline to a
concentration of 5-7x10%fu/ml (actual inoculum size was verified by colony
counts on agar plates).
20
In Vivo Animal Studies
Peptides of the invention were tested in mice to ascertain whether they
would protect the mice against bacterial infection using procedures similar to
those described in N. Frimodt-M ller et al., The Mouse Peritonitis/Sepsis Model,
25 in Zak et al. (eds.) HANDBOOK OF ANIMAL MODELS OF INFECTION 127-37
(Academic Press 1999).
Male Balb-C mice (6 weeks old, approximately 20 g) were used in the
study. Staphylococcus aureus MRSA bacteria (ATCC 33591) were grown at 37
°C with agitation for 12 hours to é stationary phase. Cells were collected by
30 centrifugation, washed twice with saline and resuspended to an O.D.gs5 of 1.4.
This suspension was diluted ten times with saline and resuspended to a

concentration of 3-5x10’cfu/ml. For each peptide five groups of eight mice per
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adm nistered inmedi ately after I P infection. 10 Toxicity Studi es Peptides
were tested for toxicity in vivo using procedures simlar to those

descri bedwpreempsos| y. See V. Lorian, Antibiotics in Labor@cargsoMedezi ne,
Wllians and Wl kins, Baltinmore 1991. Mce (rmale Bal b-C) in groups of 4-8
were given Vigidvwok P or SQ single bolucdoses of peptides and nonitored for

14 15 days. TeothGidrY¥ infféctsdihb ekitiah. sdasexhsaisoveSegasRdobras adran MR®Abehavi or
and appearance of the mce after peptide adm nistration conpared to
control m ceprepawtipylathabdesy) VEdihe e majugesdo gp hgurafier infeeteaqns §adhnc) uded | ack

of activity, Ig{q%gt £&heatedWhef ?hfffer{)n@ﬁ%ﬁ?flﬁ%gﬁ@;%rﬂ% co%%&?r&ﬁ??ec@ﬁzfehnEd as the

end point fo al” doses o pepti de ogy es Pat hol ogy
effects of pegtitldenlt MiceMRKkMbMIANd FCfowrtedn dyygd; death kEALIMAY askiBd wer e

accessed with Balb-C (nale 20-25 . pti des re inistered,.IP at a

| ethal dode &%d pejnirgYlkdiap Rmé%t’é‘ﬁ@?%‘?égﬁéﬂs SYrg° 9&%‘1’1“&6?‘% mgHieReed t hat
recei ved vehi t ( MARtibioficEASELSE ERERWWLW - HCL ) |
and on the nlé‘ﬁdtl Mﬁga{]ﬁﬁm@gsg&o OL@%:HI’O[%RII%V\EV\LV\]- H&tgﬁﬁl\q%:(g 1Were sacrificed
and anal yzed WiliamsGeldoWikins\MBaltimPeg il odios 1Y amd BQmodsais pepitidamiasal

Resources, TSRI). Pathol ogy, studi . dncluded blood cell count, and
hi st ol ogy exé?ﬁ‘i\’éﬁt?r(? “B’fneg%fe?%? ?{?ﬁfli‘flg‘gll?éls and 30 organs. Toxicity of

mul ti pl e dosing was al so tested with peptide cycl o[ KSKALWLW-HCI. M ce
(male CD-1, Charles River |abs, 20-25 g) were 75 WD 02/090503
PCT/ US021Q 43 ToxicityStudig9Wol used for this study. A reginent of 200 ng/ kg

per day of the peptide. sol uti I 9% < tq days was
adm nistered to SB%’r’i)%ee S I“%,re %F%ﬁé&{/}m%lﬁl{%%%%gﬁﬁsﬁ%é B%Cé(gﬂ?ﬁigﬁﬁsg@etbé%d vehi cl e
al one. On dayesliby®premiotslywsee Vs aoriad, iAagibiotizs th BaterytaedMedicineOsborn, Vet .
Pat hol ogi st, Departnent  of Aninmal Resqurces, 5 TSRI). Pathol ogy studies

i ncl uded bl odtillasny andolfHkins PaltimpEs bqgégyl\’léi?fe(maﬂf‘a??l@rp) BEIHPFOEFENL ti ssues
and organs. GRAr muGekh Aot s sGRALIRSCIBS FHepides aRE HoRibRd Hisig9 met hods

simlar to those
15 days. Toxicity of sublethal doses was assessed based on the behavior and

appearance of the mice after peptide administration compared to control mice
receiving only vehicle. Signs of acute toxicity included lack of activity, red feet
and tail, faster breathing. Death was defined as the end point for lethal doses of
peptides.
20
Pathology Studies
Pathology effects of peptides cyclof RRKWLWLW]-HCI and cyclo-
[KQRWLWLW]-HCI were accessed with Balb-C (male 20-25 g). Peptides were
administered IP at a lethal dose of 75 mg/kg in 9% sucrose, along with control
25  mice that received vehicle alone. After 50-60 min (in case of
cyclo[KQRWLWLW]-HCI), and on the next day (in case of
cyclo[RRKWLWLWI]-HCI) mice were sacrificed and analyzed (Dr. Osborn,
Vet. Pathologist, Department of Animal Resources, TSRI). Pathology studies
included blood cell count, and histology examination of different tissues and
30 organs.
Toxicity of multiple dosing was also tested with peptide

cyclo[KSKWLWLW]-HCI. Mice (male CD-1,Charles River labs, 20-25 g) were
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10 described previously. See V. Lorian, Antibiotics in Laboratory Medicine,
Williams and Wlkins, Baltinore 1991; W A Ritschel, G L. Kearns Handbook
of Basi c Wohanrmeasoki neti cs, American Pharnaceutical Assoc. petrtuseni4seon,

Washi ngton, DC 1999. 15 Pharnmacokinetics Studies Using c[ RRKW\LWLWHC |V

i njection: Sodeudbdewo1of peptide in 9% sucrose (1 ng/nlL) was injected |V

i nt 0 the tai hsadefonthod stBay.bAGegimeet &t208 nigke paf da3.d5 tigpdpgide Folation e bl ood

col | ect mredi ately fromo roup. of . mce (3 m er gr ) by
bheedi ng ¢ ha% HETos (aan ourom e R s c ity 5o P fghe 0s)
Fur t her CO' | %ﬁtk&mﬁcaalapfecalv@@demaealoﬂ@n@nfda%l@ﬁeﬂﬁﬁcamgacmcem ce at
times 20, 40, 70, 90, 120, 180, and 260 mn after injection. Plasma from

each bl ood sanpheslyeed (Begasermy et BpthadogistePgparipant of AnireddtRespuIBSs: s pi nni ng
down red bl Oﬁg&i)elfla?%oqverstﬁd@fmcﬁﬁe&’{)lo% 091119 dt, ﬁ@%gst{pl%é}/{eﬂnﬁn?&%? pl asma

was then dil # Bqua 5 e era unt i |
anal ysis. St @faggr@fttlsmphﬁsongaﬁler t hese condl tions 25 over a period of 1
nont h did not change the concentration of peptide. IP injection: Solutions
of peptide in 9% sucrose (8.1 ng/nL) were injected IP into Balb/C mce at
a dose of 10@, %E&klﬁ%t@%d was collected immediately fromone group of
mce (3 mce per group y bleeding the tail, separately fromeach nouse
(50-100 uL per noﬂ?hax)nacﬁhimeﬂirsmerebérémﬂednsingfmdﬁhmdnjsilﬁﬂamrthosdone from ot her
groups of mce a %?fter ect| on. Plasm

, .4, 6,.10,
from eachObl 36%?”%8‘5@?681%@ §€6Xr i‘P’é‘ﬁf‘ i‘ﬁ'ﬂ%’b‘?@? ey M€8’|° ction by

spi nni ng dowWRy{1eah L4 RIOF 1K R1s] Bal@¥BEe FORNEW. Qﬂ FGfscﬁelr@nLaKeeﬂ'QQﬁandmoﬂ\D
02/ 090503 PCT/ US02/ 14329 1361.009WOL rev./mn. Plasma was then dil uted

wi t h equal vofBasc BhamalcokleetmsdAmﬁcargléhae{medsutluaitmsoarﬁahl gdstian, St or age of

sanpl es undert,,t hese ¢ {dd.ons over a period of 1 nonth did not change the
concentrati OE{V%‘FI goﬁ'f ?)E:diédlget ection of cycl o] RRRWLW.W-HCO in plasma by

HPLC. Diluted 5 with saline pl asma (50-100 uL) was added to an eluent A
(0.1 % HA in 99% H20/1 % ACN ij/v)) 150- 300 uL vortexed, and parti al
preci pi t &% i oRharmacekinepicsStudieg bsingof WEWLYHRIG) ear sol ution was

et |0 o D B R L ISR .S, S
(v/v)) and elveib tik fal.veih SHBA/C mict @t 4 086ctdZCOMYKACT e the)hlosdsivag a f | ow
rate of 1.5 rcT1ol/Ier<T:1terc]1' immcgiigtgllylfr%vr\ﬁ gge group of mice (3 mice per group) by bleeding
the tail, separately from each mouse (50-100 uL per mouse). Further collections
20  of blood were done from other groups of mice at times 20, 40, 70, 90, 120, 180,
and 260 min after injection. Plasma from each blood sample was separated
immediately after collection by spinning down red blood cells over a period of 5
min at 4000 rev./min. The plasma was then diluted with an equal volume of
saline and refrigerated until analysis. Storage of samples under these conditions
25  over a period of 1 month did not change the concentration of peptide.
IP injection: Solutions of peptide in 9% sucrose (8.1 mg/mL) were
injected IP into Balb/C mice at a dose of 100 mg/kg. Blood was collected
immediately from one group of mice (3 mice per group) by bleeding the tail,
separately from each mouse (50-100 uL per mouse). Further collections of blood
30  were done from other groups of mice at times 0.5, 1, 2, 4, 6, 10, 15~h after

injection. Plasma from each blood sample was separated immediately after

collection by spinning down red blood cells over a period of 5 min at 4000
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gradi ent was used: 30 to 30 %B (5 mn), followed by 30 to 37% B (5 mn),
followed by 37 to 40% B (12.5 mn). Pharmacokinetics Studies Using

c[ KSKWLW.WpHZI0o@sB3 | V i nj ection: Sol ution of peptide in 9%psaxarsoze+3¢® ny/ )
was injected IVinto the tail vein of Balb/C mce at a dose of 5 ny/kg.

Bl ood was t hessi.omebhected i medi ately fromone group of mce (3 mce per
group) by bl eadiniig. PIabﬁatvsaislthenScﬁnw&’cﬁt/ﬁlh yqufat estua@ci satinesmd (rBigeOGdul per
nouse). Further, collections of blood re dong. from ot her ups of mce
at tines 30, Upll anpbysis. Stemage of gamplgs vrrleki S%F?@l‘“‘?“ﬁjoéfé’f?a‘?flocgq glsrra from each

bl ood ‘sanpl e e, aRRS alade I Ghialivh ofpdRiecol | ecti on by spi nni ng. down

red bl ood ce s over a perl mn at rev./mn. Plasma was then
diluted with an edleadctmmbﬂmldWLM@WMClnepmsgmrb&tléﬂL@nﬂllluteénaI ysis.

St orage of sanpl es under e ndi tiqQns, over a r nthddnot
changg th %ﬁ?%&? gbf)@p‘ﬁ?) ‘I‘S Igcﬁg Ei/nnfihée@ttlAgﬁ f ‘%gﬁiﬁl 1“23? Of pepltl de
in 9% SucrOS@Izb%%Atmmz))\w% 3OMLER W6fedeR, At parfBalgpdSpitiiop wak a dose of

100 ng/ kg. Bl ood was then coll ecte i mredi at el y from oneH%roup of mce (3
m ce per groophovsd bb’IC@emfn@tlpheTan%ﬂtaf sokitign vas dljscted mie emblkLepnddhg 50- 100

uL per rm_usei) @Fdé%%ecfe?cf) a?ggb%shno&?teﬁorglm% 1duosp fé @egtt(;}er groups of

mce at tine r i njec smafromeach

bl ood sanpl eclirft AEPACAHE in mdﬁm/e%yAaNt(erv)pmdl@@ammom %3G 1ini ng down
red bl ood cells over 0V{gerl mn at 4000 rev./mn. Plasma was then

di luted Wt h 187 HBy89° ¢Nr{'¥/Vé))f“S§bﬂ4ﬂ‘éWéﬁ8 of &ormiymimlbg fRliRWipganal ysis. 77
WO 02/ 090503%@"#@9 #@?g@hai@gj?ﬁg%\ﬁ%foﬁowee% 3®ttot3?575§6§ ’t i ons over a

period of 1 ncentration o Det ecti on
of ¢ ( KSKW.WLWy11dwad HyrB?rxbaa@eraBt(yz Bifhif}). Sanpl es were diluted with saline

pl asma (50-100 uL), added to an equal volunme of eluent A5 (0.1 %TFA in
96. 5% H2O/' 0. 9% ACN 2. 4% MeOH (v/v)), vortexed, and partial precipitation

was renoved ﬁ'éna?ﬁgwlélﬁ&ﬁ%@t@&'ms Ui CJ[KSKWEWL“?PI(‘Z@S injected into HPLC
and the peptide was detected at 5 “In"the 18-20 mn interval, using a

gr adi ent 15f el uent VAtzjéo@lom %OTIFanqu p@ﬁl@@ﬂ?’mt@r@%@mﬂf/mmwmt@// v)) and
o uent ' (0,05 o TEA it PR RO AN SO VR Mg, 10 1 ow rate
foll owed by Qol‘l&teliqgﬁ"ﬁ@dtag' ffgndne group of mice (3 mice per group) by bleeding
the tail, separately from each mouse (50-100 uL per mouse). Further collections
of blood were done from other groups of mice at times 30, 60, 120, 230, and 300
20  min after injection. Plasma from each blood sample was separated immediately -
after collection by spinning down red blood cells over a period of 5 min at 4000
rev./min. Plasma was then diluted with an equal volume of saline and
refrigerated until analysis. Storage of samples under these conditions over a
period of 1 month did not change the concentration of peptide.
25 IP injection: Solution of peptide in 9% sucrose (9.8 mg/mL) was
injected IP into Balb/C mice at a dose of 100 mg/kg. Blood was then collected
immediately from one group of mice (3 mice per group) by bleeding the tail,
separately from each mouse (50-100 uL per mouse). Further collections of blood
were done from other groups of mice at times 0.5, 1, 2, 4, 6, 10 h after injection.
30 Plasma from each blood sample was separated immediately after collection by
spinning down red blood cells over a period of 5 min at 4000 rev./min. Plasma

was then diluted with an equal volume of saline and refrigerated until analysis.
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Cal cul ati on of pharnmacoki netic paraneters: The area of HPLC peaks
corresponding to the peptide in analytical plasm runs was correlated to

t hose of woOle/oembs bration injections with known anmounts ofPfCpasp2/as?9 and t he
determ ned 15 concentration was plotted against the tine of blood

col l ection. hwiodewoiirst approximation the curve obtained fromlV
injection fiSeorbge 4t tieest comditiansceer & perétd of 1 mouthtdidnot(chpngd thdi cating a

si ngl e conpart ment m)detJ e V. Lorian, Antibiotics in Laboratory

Medi ci ne, WF?lim&H’ﬁaéﬂ‘i’oo\WPR& Baltinore 1991; W A Ritschel, G L.

Kearns Handbook ofcBaghs Kfs'I@VEWILWE HICS in PiSAL S HATE SRepWsivedb 20
Assoc. 5th editi one V\ashlojrfgt"on MCO’?)Z Kel *t (1) The best fit

of equation (ilyted M/lﬁlkﬁ@llee(plesmaréi& H0 Woi m%d\MBn eauat MblanwdbfzﬁlenbAng
Si gnaPl ot €0 f t of
I I\/gi nj ect? on?(&ffii: @iﬁgﬁﬁ’ %(;ﬁfgfﬁﬁkfgﬁ?fﬁcmr%é‘e nd%\%ﬁl nj Iectl ons

Co (gg/ nL) - pERIP:AALA Mab indied P ?I@Emﬁﬁlgaﬁoﬂmcﬂéﬁfr sbluffBn #@E tjedé@l info 1/ min) -
elimnation rate constant 30 T1/2 (mn) - half life tine (tlrre when C =

Co/ 2); TI 12 HRUGw tke pensideryasgietesied ot aRnds indhe d §i20 yringptervgl. ¥smEGo , where
Dis the dos ad?thFeMQ)t% déf%ﬁf @é& %Oﬁ/é/é%zﬁ(\éﬁ/éhﬁﬂ&\eﬂg/w)ect ed

peptide expr sse “total ear ance of de was
cal cul ated i and mlnent\mmsOSaMTEA(em ayddh, O/32 %LA GNDOSE MEOEL (/v/v)NIuemg aDose is

where m 18 ﬁi@g@%‘q e e ThepletiBy sraiet w36 Ve Qu B T used to
10007 (AU P OISR FEAL R ?ﬁ@piédﬁh;P‘eeZbec?pvl S area under the
concentration vs. Chi’améatmrquhdznnmpkz@euapceamw@rﬁs Thebirga afldPDCPeakse doses of
peptide adm Q(I)r?'ésggr? 1n§/ %o thle\éegt?(fie in Iznglg)it%a? plarsr%g elgstvlv;\ilseco}(felated to those of

the calibration injections with known amounts of peptide, and the determined

15  concentration was plotted against the time of blood collection. In the first

approximation the curve obtained from IV injection fits to the first order kinetic

equation (1), indicating a single compartment model. See V. Lorian, Antibiotics

in Laboratory Medicine, Williams and Wilkins, Baltimore 1991; W. A. Ritschel,

G. L. Kearns Handbook of Basic Pharmacokinetics, American Pharmaceutical

20  Assoc. 5™ edition, Washington, DC 1999.
Ci=Co*e™™ (1)

The best fit of equation (1) to the experimental points was calculated
25  using SigmaPlot. The following parameters were calculated from the best fit of
IV injection curve:
AUCy (ng*h/mL) - area under the curve for IV injections
Co (ng/mL) - concentration of peptide in blood at time zero
K ( 1/min) - elimination rate constant
30 T/ (min) - half life time (time when C = Cy/2); Ty2 = (In2)/Kg
V (L/kg) - volume of distribution, V = D/Cy , where D is the dose
of
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expressed in ng/kg. Exanple 2. In Vitro Antibacterial Activity of Cyclic
Peptides. 20 The eight-residue cyclic peptides used in the first

experi merw® 00f9tshs s exanpl e had three consecutive pol ar PeTIUSOEs132Nd
L-tryptophan and D-|l eucine repeats that forma hydrophobic surface to
pronot e effeaisipogwpartiti oning onto cell nmenbranes. In addition, peptides
were nost often desi gned t oirjextédipkptide expresssd imomg/Kgasi ¢ ani no aci d resi due

in order to enhance specificity toward 25 bacterial mnmenbranes. The utility
of these design featurgigﬁg{“kﬂ‘érfdﬂéﬁlﬁ?réﬁcebﬁﬁeﬂ“ ‘E"?Socal%%‘gglct?”&i al assays
enpl oying a repr esRps atd ve cyclic peptide with sequence

Lys-D-A@ n-Arg-D-Trp-Leu-D- Trp-Leu-D-Trp (SEQ ID NG 9). Cyclic peptide SEQ
| D NO 9 di spl ayed potent actaveiaggd agai nst gram positive Bacillus subtilis

30 and St aphyl ococcus re A| j : tLV cus
pneunoni eae and vancon% n?’%e:}f‘g]t(g%?b }%?1% gg%%c%@%@%ﬁ%a?%’tst{dg%%ﬁ%%). 79 WO
02/ 090503 PCp{US02/ 14329 1361. 009WOL Table 4. In vitro activity of

Lys-D-@ n-Arg-D-Trp-Leu-D- Trp-Leu-D-Trp, (SEQ ID NO 9) G am positive
bacteria MCa (g/m) Bacil MPYSSEHHESPSE 1 Bacil | us cereus 2

St aphyl i - cust i
aphyl ococcus aureus epB=ki gwﬁ;%@qﬁgﬁgg@qhg%gg%g&%ﬁg aecal i s

g 10 Streptococcus pneum)nl“é am negat 1 ve /m)
Sal nonel I a typhi nurium >70 Mamalian cells Red bl ood cell (nouse) 45 J

M21 (el anoma) >75 _a M ninmum.inhibitory . centration, b.Data.from MDS
Panl abs Bhar FAEHIG]y) Bat Weggg getegn@ek’f@%alf?%gﬁé?ﬁ)&%ﬁﬁ@ﬁlfﬁ% &2 RTCC25923;
f ATCC19115; [yyte

F= 100%*(AUC1P * Dw)/(AUCIv * DIP) (2)

15  where AUCypis area under the concentration vs. time curve from IP injections,
Dyv and Dyp are doses of peptide administered via IV and IP routes respectively,

expressed in mg/kg.

Example 2. In Vitro Antibacterial Activity of Cyclic Peptides.
20 The eight-residue cyclic peptides used in the first experiments of this
example had three consecutive polar residues and L-tryptophan and D-leucine
repeats that form a hydrophobic surface to promote effective partitioning onto
cell membranes. In addition, peptides were most often designed to include at
least one basic amino acid residue in order to enhance specificity toward
25  bacterial membranes.

The utility of these design features was demonstrated by in vitro
antibacterial assays employing a representative cyclic peptide with sequence
Lys-D-GlIn-Arg-D-Trp-Leu-D-Trp-Leu-D-Trp (SEQ ID NO:9). Cyclic peptide
SEQ ID NO:9 displayed potent activity against gram positive Bacillus subtilis

30  and Staphylococcus aureus and against gram negative Streptococcus

pneumonieae and vancomycin-resistant Enterococcus faecalis (Table 4).
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g vancomycin-resistant clinical isolate; h erythronycin- and
anpicillin-resistant clinical isolate; 'ATCC 14028; 10 Henvol ytic dose
wher e 50%vofozreasobl ood cells are henol yzed (HD50 (g/m)) PeTHRSD143g9m ). A
series of six- and eight-residue anphiphilic cyclic peptides were nmade to
further probessiéewanti bacterial activity of these peptides as antibacteri al
agents 15 and Fabletanhmard igivitg bALyondblinpAlgeddeed.caur-Tgebepbolrer t i es,

anti bacterial activities, and m%@@@g{g&_gti vity. Peptides were

synt hesi zed by standard solid-pha I\/DC synt hetic protocols,
cyclized in solutfon port], puri d( -HPLG and
characteri zed by MALDI@-EaO[—b()%RNe%a-C%g@q nectro%térvw%?: sequences of

t hese peptides ar quthwﬂsutédhsn Tabl e 5. 20 Shortharfd” represent at i on of
cyclic peptide seggentges—st R sthghe—tetiter—codes—=86—WO62/6P0503
PCT/ US02/ 14329 13%‘1 %‘ff FR/H was used to dllow facil % sequence fonpari sons.
Under |l i ni ng i ndi castg hﬂ%’@cuswém cacid i§ a Dam ngaci d resi due. Tabl e 5:
Pepti de Sequences| SEQ | D Shorthand Sequence Xaa-Definition NG Listing 1
- cyclic QAQAQAQAQI&@eGamm@rtO&EnﬁS Xaal 3 D-Ala A Xal-dn-Xaal - Q n-Xaal
-d n- Xaal - d n- Xagf WWW G- Xaai - TRp- Xaal = Leu

Xaal - Tr p- Xaal - Tr E&S{Gﬁcocc%yﬂég% ic KLWWW Lvs-Xallgi -Trp- Xaal = D Leu
Xaal - Tr p- Xaal - T | Stagodbceuspyelmaniba KLKLKL Lys- Xaallobys- Xaal D-Leu Xaal
-Lys- Xaal Lys- Xapd

Gram negative bacteria MIC (pg/ml)

Salmonella typhimurium ' >70

Mammalian cells
Red blood cell (mouse) 45!
M21 (melanoma) >75"

? Minimum inhibitory concentration;
® Data from MDS Panlabs Pharmacology Services;

5 ° ATCC 43223; ¢ ATCC 11778;
° ATCC25923; "ATCCI19115;
£ vancomycin-resistant clinical isolate;
T‘ erythromycin- and ampicillin-resistant clinical isolate;
" ATCC 14028;

10 J Hemolytic dose where 50% of red blood cells are hemolyzed (HDsy

(ng/ml))
“LDso (ug/ml).

A series of six- and eight-residue amphiphilic cyclic peptides were made
to further probe the antibacterial activity of these peptides as antibacterial agents
.15  and to examine the relationship between surface properties, antibacterial
activities, and membrane selectivity. Peptides were synthesized by standard
solid-phase BOC or FMOC synthetic protocols, cyclized in solution or on solid
support, purified by RP-HPLC, and characterized by MALDI-TOF or ESI-mass
spectrometry. The sequences of these peptides are provided in Table 5.

20  Shorthand representation of cyclic peptide sequences using single letter codes
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5 - cyclic SKSW.W.W Xaal - Lys- Xaal - Xaal = D-Ser Trp-Xaa2-Trp- Xaa2 = D-Leu
Xaa2-Trp 6 - cyclic THSWW.W Xaal - H s- Xaa2- Xaal = D-Thr Trp- Xaa3- Tr p-
Xaa2 = D-sero2/oX#a8- Trp Xaa3 = D-Leu 7 - cyclic RCDWW.W Xaear/uSyidaa2- Xaal

D-Arg Trp-Xaa3-Trp- Xaa2
KQRWWLW XaalssGhoowaa2- Xaat

D-Asp Xaa3-Trp Xaa3 D-Leu 8 - cyclic
D-Lys Trp-Xaa3-Trp- Xaa2 D-Arg Xaa3-Trp

Xaa3 = D- Leuw@s useagyto lallowKaIRAISA WL sorXparisords. gUndahning indi@tes thkaa2- Leu- Xaa2-
Xaa2 = D Trp Leu-Xaa3 10 - géi RORW.W.W Xaal - d n- Xaal - Xaal = D-Arg
Tr p- Xaa2- Tr p2minoasid S[ﬂé@lnoxé ofidic11 - cyclic KQKWWW Xaal - G n- Xaal -
Xaal = D-Lys Trp-Xaa2-Trp- Xagples: ngl?,u g%a,%n&gsp 12 - cyclic KSKW.W.W
Xaai - Ser - Xaal - Xaal = D1y Trp- Xaa? aa? = Dleu Xaa2-Trji) 13 -
cyclic SHKWW.W X:SEQHADs - Xfirtidadl = D- Sdequamge Xaa3] Xap Defimition= D- Lys
Xaa3-Trp Xaa3 = DNGu 81 WO 02/ 090503 PCIiktsiP/ 14329 1361. 009WOL| SEQ I D
Short hand Sequencg] Xagclief i QAQAQAQAQAQ i [SGlinaa; 3n- ¢Xahi €AW VW W
Xaal - Lys- Xaa2- Xapl = D Serp Trp- Xaa3- Tr p-| X@a&imXaatd $ Xaa3-Trp Xaa3 =
D-Leu Gln-Xaa,-Gln-
Xaa;-GIn-Xaa,
2 —cyclic | QLWLWLWL GIn-Xaa;-Trp- | Xaa; =D-Leu
Xaa;-Trp-Xaa,-
Trp-Xaa;
3 —cyclic |KLWLWLWL Lys-Xaa;-Trp- | Xaa; =D-Leu
Xaa;-Trp-Xaa;-
, Trp-Xaa;
4 —cyclic | KLKLKLKL Lys-Xaa;-Lys- | Xaa; =D-Leu
Xaa;-Lys-Xaa;-
Lys-Xaa;
5—-cyclic |SKSWLWLW Xaa;-Lys-Xaa;- | Xaa; =D-Ser
Trp-Xaa,-Trp- | Xaa, =D-Leu
Xaa-Trp
6 —cyclic |THSWLWLW Xaa;-His-Xaa,- | Xaa; =D-Thr
Trp-Xaa;-Trp- | Xaa; =D-Ser
Xaasz-Trp Xaaz =D-Leu
7 —cyclic |RGDWLWLW Xaa;-Gly-Xaa,- | Xaa; =D-Arg
Trp-Xaa;-Trp- | Xaa; =D-Asp
Xaaz-Trp Xaas; =D-Leu
8 —cyclic | KQRWLWLW Xaa;-GlIn-Xaa,- | Xaa; =D-Lys
Trp-Xaas;-Trp- | Xaa; =D-Arg
Xaaz-Trp Xaa; =D-Leu
9—cyclic |KQRWLWILW Lys-Xaa;-Arg- | Xaa; =D-Gln
Xaay-Leu-Xaay- | Xaa; =D-Trp
Leu-Xaas
10 — cyclic | RQORWLWLW Xaa;-Gln-Xaa,- | Xaa; =D-Arg
Trp-Xaa,-Trp- Xaa; =D-Leu
Xaa-Trp
11 —cyclic | KQKWLWLW Xaa;-Gln-Xaa;- | Xaa; =D-Lys
Trp-Xaa,-Trp- Xaa; =D-Leu
Xaap-Trp
12 — cyclic | KSKWLWLW Xaa,-Ser-Xaa,- | Xaa; =D-Lys
Trp-Xaa,-Trp- Xaa; =D-Leu
Xaa,-Trp
13 —cyclic | SHKWLWLW Xaa,-His-Xaa,;- | Xaa; =D-Ser
: Trp-Xaa;-Trp- Xaa; =D-Lys
Xaas-Trp Xaaz =D-Leu
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15 - cyclic SHHW.WW Xaal - H s- Xaa2- Xaal = D-Ser Trp-Xaa3-Trp- Xaa2 = DH s
Xaa3-Trp Xaa3 = D-Leu 16 - cyclic EKHWW.W Xaa, - Lys- Xaa2- Xaal = D-Qu
Tr p- Xaa3-wopr/oX@a2 = DDH s Xaa3-Trp Xaa3 = D-Leu 17 - cycliTiwsoXki§oy W W
Xaal - Lys- Xaal - Xaal = D-Lys Trp-Xaa2-Trp- Xaa2 = D-Leu Xaa2-Trp 18 -
cyclic RRKWLYWsVos@dh - Ar g- Xaa2- Xaat = D-Arg Trp- Xaa3- Trp- Xaa2 = D-Lys
Xaa3-Trp Xaa3 = [Of $E0 1Y - Shifrtlan dKRKW W \¥eaance\ 9- XaXlan Deinltion - Lys
;I'(r p; Xaaé— Xr p- 2I_(aa2NO D-Leu Xaa2-Trp 20 - Igy{;lg c RR W.W Xaal - Ar g- X\e}\i{/\}
aat = r I pF Ry Ceu T, H
Xaal - Lys- Xagl - Xga ﬁiﬁl s—Kﬁr p- aa2 Trp-r % Xagly gzie% p 22 -
cyclic KHKWLWLW Xaal - Hi s- Xaal - Xaal = D L ﬁa _ 2]2 D Leu
Xaa2-Trp 23 - |inpar MKKKVLVWW Tr p- Xaal - L aa3 aa3 = D-LGu p- Xaa2-
Mo cyalls [BHHWLWEYY KKK\REWW%%PTL) %Ca%aangA%al = D Lys
Trp- Xaa2-Trp- XaaR = D-Leu Xaa2-Trp 25 -| Trpreass-Tae- Kikkiara BeHis
-Lys- Xaa2- Xapl =Ac-D-Llys CONH2 Tr p- X26@s-Trp- Xaa? XaaDF Dylseu Xala3- Xaa4
D- Leu Xaa4| 1 Deyldlie- | EKNWLWLW Xaa,-Lys-Xaa,- | Xaa; =D-Glu
Trp-Xaa;-Trp- | Xaa, = D-His
Xaaz-Trp Xaas; =D-Leu
17 — cyclic | KKKWLWLW Xaa;-Lys-Xaa;- | Xaa; =D-Lys
Trp-Xaa,-Trp- Xaa, =D-Leu
Xaap-Trp
18 —cyclic | RRKWLWLW Xaa;-Arg-Xaa,- | Xaa; = D-Arg
Trp-Xaa;-Trp- | Xaa; =D-Lys
Xaaz-Trp Xaaz =D-Leu
19 —cyclic | KRKWLWLW Xaaj-Arg-Xaa|- | Xaa; =D-Lys
Trp-Xaa,-Trp- | Xaa; =D-Leu
Xaay-Trp
20 — cyclic | RRRWLWLW Xaa|-Arg-Xaa;- | Xaa; = D-Arg
Trp-Xaa,-Trp- Xaa; =D-Leu
Xaay-Trp
21 —cyclic | HKHWLWLW Xaa;-Lys-Xaa;- | Xaa; = D-His
Trp-Xaa,-Trp- | Xaa; =D-Leu
Xaap-Trp
22 —cyclic | KHKWLWLW Xaa;-His-Xaa,- | Xaa; =D-Lys
Trp-Xaa,-Trp- | Xaa, =D-Leu
Xaap-Trp
23 —linear | WKKKWLWLW Trp-Xaa;-Lys- | Xaa; =D-Lys
Xaa;-Trp-Xaa,- | Xaa; =D-Leu
Trp-Xaay-Trp
24 — linear | KKKWLWLW Xaa;-Lys-Xaa;- | Xaa; =D-Lys
Trp-Xaa,-Trp- | Xaa; =D-Leu
Xaap-Trp
25 —linear | AccKKKWLWLW- | Xaa;-Lys-Xaa,- | Xaa,=Ac-D-Lys
CONH; Trp-Xaaz-Trp- | Xaa; =D-Lys
Xaas-Xaay Xaa; =D-Leu
Xaa, = D-Trp-
CONH,
26 — cyclic | KKLWLW Xaa,-Lys-Xaa,- | Xaa; =D-Lys
Trp-Xaa,-Trp Xaa; =D-Leu
27 - cyclic | KHLWLW Xaa,-His-Xaa,- | Xaa; =D-Lys
Trp-Xaa,-Trp Xaa; =D-Leu
28 —cyclic | KSLWLW Xaa;-Ser-Xaa,- | Xaa; =D-Lys
Trp-Xaa,-Trp Xaa; =D-Leu
29 - cyclic | RRLWLW Xaaj-Arg-Xaa,- | Xaa; = D-Arg
Trp-Xaay-Trp Xaa; =D-Leu




26 - cyclic KKLW.W Xaai
cyclic KHLW.W Xaal
cyclic KSvolotwXses - Ser - Xaa2- Xaal
cyclic RRLW.W Xaal- Ar g- Xaa2- Xaal

Definition
Xaa3- Xaa2- XaaZ?

Xaa3- Tr p- Xaal

QRUUULWR d u- Xaal

hydr ophobi ¢ Xaa3

NO L

D Phe 31 - cycl
L- Xaa3- Tr p- Xaa
cyclic QRUUUAWVR {J u- Xaal -
hyd

-Lys-Xaa2- Xaal = D-Lys T -Xaa2-T Xaa2 = D-Leu 27 -
-H s-Xaa2- Xaal = D-Lys T -Xaa2-T Xaa2 = D-Leu 28 -
= D Lys T -Xaa2-T Xaa2preTrhzu3299 -
= D-Arg Trp-Xaa2-Trp Xaa2 = D-Leu 82 WO
02/ 090503 PCr¥sLmORO14329 1361. 009WOL SEQ I D Short hand Sequence Xaa
SEQN® 3IGhorthandi ¢ QRUUGRYReel- Xaal] Xdad¥efinitdett = D- Arg
FNO: Xaa3-|Tr p- Xaal hydr opHdbiig Xaa3 F D- hydrophobic Xaa4
GUUERER! - XadGluXedl, -3aal> Axga; X8abrg Xaa2- Xaa2
| hydrophobi ¢ Xaa3 = D by, Oj@{l‘gbl C |Xa3f-t D Tr p 32 -
Xaa2- Xaal :D%)FI gé agix} L-
r ophobi ¢ (Xaa3 = D- hydrgpho aad ?E 33 -l cyclic
-_Xel:afIZ- Xgqal = D-Arg Xaa3- Xaa2 Xaa?2 hydrophObIC Tr p- Xaal
Xaay = D-Phe
31 —cyclic | QRUUUWWR Glu-Xaa;-Xaa,- | Xaa; = D-Arg
Xaasz- Xaas- Xaa; =L-
Xaa3-Trp-Xaa; | hydrophobic
Xaay =D-
hydrophobic
Xaay =D-Trp
32 —cyclic | QRUUUAWR Glu-Xaa;-Xaa,- | Xaa; =D-Arg
Xaay- Xaa,- Xaa; =L-
Xaas-Trp-Xaa; | hydrophobic
Xaaz = D-
hydrophobic
Xaas =D-Ala
33 - cyclic | QRUUULWR Glu-Xaa;-Xaa,- | Xaa; =D-Arg
Xaas- Xaay- Xaa; =L-
Xaa;-Trp-Xaa; | hydrophobic
Xaa; =D-
hydrophobic
Xaas =D-Leu
34 - cyclic | QRUUFWWR Glu-Xaa,-Xaa,- | Xaa; =D-Arg
Xaas- Phe-Xaa,- | Xaa; = L-
Trp-Xaa, hydrophobic
Xaay =D-
hydrophobic
Xaay =D-Trp
35 —cyclic | QRUWLWWR Glu-Xaa;-Xaa;- | Xaa; =D-Arg
Xaasz-Leu-Xaaz- | Xaa; =L-
Trp-Xaa, hydrophobic
Xaaz =D-Trp
36 — cyclic | QRWWLWWR Glu-Xaa;-Trp- | Xaa; =D-Arg
Xaay-Leu-Xaa,- | Xaa; =D-Trp
Trp-Xaa,
37 - cyclic | QRUUWWWR Glu-Xaa;-Xaay- | Xaa; = D-Arg
Xaaz-Trp-Xaay- | Xaa, =L-
Trp-Xaa, hydrophobic
Xaay =D-
hydrophobic
Xaas =D-Trp
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hydr ophobic Xaa4 = D-Leu 34 - cyclic QRUUFWAR d u- Xaal - Xaa2- Xaal = D-Arg
Xaa3- Phe-Xaa4- Xaa2 = L- Trp-Xaal hydrophobic Xaa3 = D hydrophobic Xaa4
= D-Trp 380-epeishz QRUALWAR G u- Xaal - Xaa2- Xaal = D-Arg Xeadsheywsxaal-
Xaa2 = L- Trp-Xaal hydrophobic Xaa3 = DTrp 36 - cyclic QRWALWAR

d u- Xaai - Tr pi3éX@wawor D- Arg  Xaa2- Leu- Xaa2 Xaa2 = D-Trp T -Xaal 37 -
cyclic QRUWNWAR @ SIEQSIﬂ Xestidbrthtadl = D ArSpquiias3- Tr p{ XaaDefidat@dh = L-

Tr p- Xaal hydr ophobNo:Xaa3 = D hydrophobl Aistkeg4 = D-Trp 83 WO 02/ 090503
PCT/ US02/ 14329 1%%\/‘%@&@/@@0” Hagmig- )quuecﬂce Xaa, D@,tAlrgi tijon NO

Listing 38 -cycl G u-Xaal - Val -ngg%u-;d%z g(aggag Xaa2- Xaa2
= D Trp Trp-Xaal 39 - cyclic QRFWWAR d |up 15 Phe- Xaal g

Xaa2- Leu- Xaa2- Xap2 = D-Trjp Trp- Xaa, 142 - WAR @ u- Xaal Trp-| Xaal =
D-Arg cyclic XaaRAeu—Xaaz—Xaa2

1 —_ Trnrn. VYaal
‘é‘yc'l\f(l:aﬁRFWL‘WWﬁ g Glu-Xaa,-Phe- | Xaa, = D-Arg
Xaa;-Leu-Xaa,- | Xaa; =D-Trp

Trp-Xaa,
142 — QRWWLWWR Glu-Xaa;-Trp- | Xaa; = D-Arg
cyclic Xaay-Leu-Xaay- | Xaa, =D-Trp
Trp-Xaa,

Antibacterial activities were tested against E. coli and methicillin-
resistant Staphylococcus aureus (MRS A)-- currently the major component of
approximately two million annual nosocomial infections in the United States

5  (Background and History of Emerging Staphylococcus aureus strains with
reduced susceptibility to vancomycin, website at narsaweb.narsa.net).
Antibacterial assays were performed as described above using standard

microdilution methods. Results are provided in Tables 6, 7, 8 and 9.

10 Table 6: Antibacterial Activity of Peptides Containing D-,L-a-Amino Acids

SEQID | Shorthand S. aureus E. coli ® Hemolysis
NO: Sequence ¢ (MRSA) * MIC pg/ml HD50
MIC pg/ml pg/ml

5- SKSWLWLW 10 100 30

cyclic

6— THSWLWLW 100 100 100

cyclic

7- RGDWLWLW 100 100 100

cyclic

8- KQRWLWLW 6 80 45

cyclic

9- KORWILWILW 8 80 40

cyclic

10 - RQRWLWLW 18 90 25

cyclic

11- KQKWLWL 45 100 50

cyclic \\

12 - KSKWLWLW 5 40 100
yclic

13 - SHKWLWLW 10 100 35

cyclic
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Anti bacteri al

activities were tested against E. coli
resi stant Staphyl ococcus aureus (MRSA) - -

appr oxi mawelog/opose3 m | | i on annual
5 (Background and Hi story of Energing Staphyl ococcus aureus strains with

reduced susc

f.0dowbity t o vanconycin,

nosocom al

and nethicillin-
currently the maj or conponent of
i nfections i nPCraSomi43ed St at es

website at narsaweb. narsa. net).

Ant i bact eri al | SEQAE | wSherthantor nedSasurdescr i|beE.alotive uls Hegnadysindar d
m crodi | ution| mydrods. seqathdes are @IRBAYEd in MEOWeAnb, | 7,HB56Nd |9. 10
Table 6: Antipacterial Activity fof wodRs Gontaining O Lﬂgmfxrri mo Aci ds
SEQ | D Short hgngd—S: <§K§W@%\@oil D nolysi[s | Sequence (MREA) a M C
g/m HD50 MG d @c éM | g7 SKSW.W.W 10 100 3 cyclic 6 THEW.W.W 1Q0
100 100 cycl Ak ‘%"""% +Ho0—10g—cyette 01 \\{.\w_‘v"w"_‘v"v'go e}¥) cyclic
9- KQRWWLW 8| 8o~ 40 | SYBWLWIY [rorwiPw 18 90 251 %%ycrile 1120 KokwwL 45
100 50 cycliCYi92- | KSKWW W5 140 100 cyelilc 13- SHKWM W 10 100 35
cyclic 84 WO P -99050EKEYLYEDY/ (14329100361, Q09OWOIOBEQ I D ShHY hand S.
aureus E. col jcyglitlenpl ysis NO_ |Sequence' (MRSA) a MC g/ml HD50 |MC
jig/in jig/in[17- KKKWLWL 8 70 50

cyclic Y

18- RRKWLWLW 6 15 50

cyclic

19 - KRKWLWLW 10 40 50

cyclic

20 - RRRWLWLW 10 50 35

cyclic

21 - HKHWLWL 12 15 25

cyclic W

22 — KHKWLWL 10 80 30

cyclic W

23 - WKKKWLW 60

linear LW

24 - KKKWLWL 50

linear W

25 - Ac- 80

linear KKKWLWL

W-CONH2

26 - KKLWLW 10 17 80

cyclic

27 - KHLWLW 10 100 25

cyclic

28 - KSLWLW 75 100 90

cyclic

29 — RRLWLW 35 5 90

cyclic

30— |QRUUUFWR®

cyclic

31- QRUUUWWR

cyclic d

32- QRUUUAWR 37

cyclic

33- QRUUULWR

cyclic

34 — QRUUFWWR 25-3.8

cyclic d

35— QRUWLWW

cyclic |R¢
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14- SKHWWW 15 100 20 cyclic 15- SHHWWW 20 100 20 cyclic 16- EKHWWW
100 100 )100 cyclic 17- KKKWW. 8 70 50 cyclic w 18- RRKWW.W 6 15 50
cyclic 19wWOHBRKWASW W 10 40 50 cyclic 20- RRRALW.W 10 50 3PCTOysod/i43291-
HKHWW. 12 15 25 cyclic w 22- KHKWW. 10 80 30 cyclic w 23- WKKKW.W 60

i near LW 24136KBdWOWN. 50 | inear W25- Ac- 80 linear KKKWW. W H2 26-
KKLW.W 10 17 BSEQIRIi ShidFthatidL W W $0adi®@s 25 | cyEl dodi 28- | ERIWIWIFSF 100 90
cyclic 29- RRLVWNDSS5 |5 Squeitec] | £ 3MMRSRYIUFVIR MEE gigimal HD50
MIC pg/ml pg/ml

36 - QRWWILWW 25-38

cyclic R®

37 - QRUUWWW 25-38

cyclic R

38— QRVWLWW 25-3.8

cyclic R

39- QRFWILWWR 25-38

cyclic

142 - QRWWLWW 2.5-3.8

cyclic R

a. ATCC 33591. b. IM109(DE3). c. U is a hydrophobic amino acid selected
from the group consisting of alanine, leucine, valine, phenylalanine and
tryptophan. d. Activity against Bacillus subtilis at about 1.7 to 2.5 pug/ml
Peptide mixtures SEQ ID NO:30-37 are complex peptide mixtures and their

5  concentrations for the anti-bacterial assay could not be specifically determined.
The MIC values for these sequences may differ by up to five-fold.

The role of polar side chains in bioactivity and membrane selectivity may
be evaluated upon examination of the antibacterial activities listed in Table 6.

10 Cyclic peptides with SEQ ID NO:5 and 6 each bear one basic residue
between two serine residues, or between a serine and a threonine residue,
respectively. While peptide SEQ ID NO:5 [cyclo-(D-Ser-Lys-D-Ser-Trp-D-Leu-
Trp-D-Leu-Trp)] displays good activity against S. aureus MRSA, substitution of
lysine by histidine in peptide SEQ ID NO:6 [cyclo-(D-Thr-His-D-Ser-Trp-D-

15  Leu-Trp-D-Leu-Trp)] significantly decreases the activity.

Cyclic peptides with SEQ ID NO:8-15 each possess two basic amino
acids and one neutral, polar amino acid. These cyclic peptides vary in
antibacterial activity and in red blood cell hemolysis. A single glutamic acid
substitution has a deleterious effect on the antibacterial activity as indicated by

20 the large difference in activity against S. aureus MRS A bacteria between peptide
SEQ ID NOs:14 [cyclo-(D-Ser-Lys-D-His-Trp-D-Leu-Trp-D-Leu-Trp)] and 16
[cyclo~(D-Glu-Lys-D-His-Trp-D-Leu-Trp-D-Leu-Trp)]. The reduced activity of
the glutamic acid-containing peptide may be due to unfavorable electrostatic
interactions of the carboxylate side chain with bacterial membrane constituents.

25 Increasing the number of basic residues from two to three in peptide SEQ
ID NOs:17-22 provided high activities against S. aureus MRSA. Peptides with
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31- QRUUUMAR cyclic d 32 - QRUUUAWR 37 cyclic 33- QRUUULMWR -cyclic 34-
QRUUFWAR 2.5-3.8 cyclic d 35- QRUANLWN cyclic Rd 85 WD 02/ 090503

PCT/ US02/W03209050861. 009WOL SEQ | D Short hand S. aureus E. Pcorusoti43eqol ysi s
NO Sequence' (MRSA) a M C 14g/nl HDSO M C jLg/ ML JLg/ 36 - QRWALWN
2.5-3.8 cychistod®o37- QRUUWWN 2.5-3.8 cyclic R 38- QRWLWN 2. 5-3.8
cyclic R 39- SERAN MNORI & [&ycho-80-Acg-Arg®-LAR Trp-ORANTAVIRLEu-I18)] and §EQc R a.
ATCC 33591. b. JMLO9 3). ¢ Uis dr ephabi ¢ am pno .acid selecied from
the group comRiN@#h g[_(cg‘ﬁoépél_%‘isMS'Q'@EPCJIP%E?&&HT?%Q“EE‘HE FR)T%IIS% ﬁﬁaﬂhﬁ\%% d
tryptophan. o ,q4A6kd ¥tk #icaahiAtE Bagi The's: Siblahiibicdfal ARMiesbf7 to 2.5 g/ .
Peptide m xtures SEQ I D NGO 30-37 are conpl ex peptide m xtures and their 5

concent r at i ohsxdngarictyreptidestwitlh SEQdPI MOs:36 2\alsoondigata that iyee effessict i cal | y
determ ned. The M.C .val ues,for t e s enc . differ up to
five-fol o Tﬁ@l?Oo‘fcé‘%qulb%?yé’PC DERIIes Rl ﬁ‘gcc}?%set%ﬁ@%ag?%\#ww B e nbr ane
sel ectivity maprovbeelenplitydbeshctprNmerdrneat PeplideiSEQED NU:26dcycds(Bd
activities listed in Table 6. 10 Cyclic peptides with SEQID NQ 5 and 6
each bear onéypiyp®-kesTHye-Leu-Trp)], with two consecutive lysine residues, exhibits

broad-spectrum activity and has low hemolytic properties. On the other hand,
peptide SEQ ID NO:27 [cyclo-(D-Lys-His-D-Leu-Trp-D-Leu-Trp)], which has a

10  histidine instead of the lysine in peptide SEQ ID NO:26, retains high activity
against S. aureus MRSA but is inactive against E. coli. Substituting a lysine in
peptide SEQ ID NO:26 with serine yields the less active peptide SEQ ID NO:28
[cyclo-(D-Lys-Ser-D-Leu-Trp-D-Leu-Trp)]. However, peptide SEQ ID NO:29
[cyclo-(D-Arg-Arg-D-Leu-Trp-D-Leu-Trp)], which possesses two arginine

15  residues, displays potent and selective activity against E. coli with low levels of
hemolysis.

The spectrum of activity and membrane selectivity observed with the
above peptides indicates that even single amino acid substitutions can influence
antibacterial activity and selectivity versus mammalian cells.

20 The effect of plasma proteins on the availability and stability of cyclic
peptides in vitro was also examined. Antibacterial activities remained
unchanged in the presence of large amounts (up to 50% v/v) of fetal bovine
serum (FBS) in the culture media. However, most peptides examined have a
reduced level of hemolytic activity in the presence of 5-10% FBS in the assay

25  mixture, compared to analogous assays in the absence of FBS. For example, in
the presence of 10% FBS, peptide SEQ ID NO:8 [cyclo-(D-Lys-Gln-D-Arg-Trp-
D-Leu-Trp-D-Leu-Trp)] displays five-fold reduction in hemolytic activity (from

" HD5( =10 to 50 ug/ml).

Cyclic peptides having SEQ ID NO:13, 18, 26, and 29 were assayed for
30 proteolytic susceptibility. The peptides show abiotic structure and
conformational preferences, and were stable in the presence of trypsin, o-

chymotrypsin, subtilisin, and blood plasma. No significant peptide degradation
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bet ween two ser

i ne residues,

or

bet ween a serine and a threonine residue,

respectively. While peptide SEQ ID NO 5 [cycl o-(D Ser-Lys-D Ser-Trp-D Leu-

Tr p- D- Leuw®rop)pposas spl ays good activity agai nst
| ysine by histidine in peptide SEQ ID NO 6

of

S.

aureus PRBAISOZWM3ZT i t uti on

[ cycl o- (D Thn3eHpeeWD1 Ser - Trp- D 15 Leu-Trp-D-Leu-Trp)] significantly
decr eases t hevaaobsemtdym cmmat@grpmppbtae@d\ﬂonhRBE@MDom 82418 tisgch possess

two basic am nod
pept i des var §°e®

it es S0tef MRe T bl Dting B Fep Bt Bebrd ftsipclIf RS

cyclic

enol ysis. A

singl e gl ut amiae 1@GhH uRlePSiilhtfch@ibn@adidiodehal withiUsweldues whetplubel

anti bacteri al

activity as indicated by .20 the large difference in activity

agai nst S. am@mgnwhmdtpé@tr@n a between peptide SEQ ID NGs: 14
[ cycl o- (DSer Lys S
[ cycl o-( a u- Lys}%lﬁ fo }%‘II? glé%%‘ g%g‘%&i&%é’%gu ﬁ(l:)aec e%actl vity of

the gl utam Ca&cshdwmﬂtlablres mgn@epéspelalw aloag Gith domtrohasaynahlgeFDA
interactions of the carboxylate side chain with bacterial

menbr ane condPProvehyibigtivs| ner easi ng the nunber of basi c residues fromtwo
delivigragai nst S.

electrostatic

to three in
aur eus MRSA.

N021[c

Hﬁgtsh
ept |
ID NO 18 [Cymgtrre(nﬁn@\lagld,&ctgpr aecte,sgxacrpplbmbm -f3eifitale $eguerToeppinpansbnSEQ

bt &

es wt

aﬁg%prﬁgnﬂgg%%\%g

D Hi T
Ast h%t al{i‘ Ojaciorfd b W’taF

d%%

u_

Yded

03 P /USOZ

Tr DLe

14329

1361. 009WO1 SEQ
I D

0 .exhi bited
P?l%ﬁt activities

noder at e m'ﬁgﬁhé’énglé‘éaﬁc

of hexarrerl clrgﬁggéglgﬁthwpgﬁlﬁggeldpfcu@ 26-29 also indicate that use of basic
5 amno acids in the cyclic peptides may increase antibacterial activity

and inprove selectivity for bacterial nmenbranes. Peptide SEQ I D NO 26
[cyclo-(D Lys-Lys-D Leu-Trps consecutive |ysine
resi dues, exhibits broad- sgré’gh'l_ﬁ 53&%*/??\/“’8%&%%? | ow henol ytic
properties. On(the other hand.E. cpepUI2% |SEQcHINIAS | H. influenzae
[ cycl o- (D-Lys- Hi s- D- Leu- Tr p- P- A3 brb K Qldjaﬁa@ 10 heetiodiyne i nstead
of the lysine ip ¢ k| 1 D NQ 26, ret ctivig agdi nst  S.
aureus MRSA but f@ﬁﬁ]agﬁeve agai nst E. ¢ol ?UI guﬁstl tuting a lysine in
pept| de SEQ | DHNO-26 \I\l t h sef | ne \L1 n! d t hn ! acc activa nept : de SEQ I D
NG 28 [cycl o- (D-Lys-Ser- D LeMEE figmiy | MICI(ugimld, s MIC SEQ I D
NO. 29 [cycl o- (EKREWIAVFHE! ¢u- TPA28: Led- Trp) 132 whi ch| possdages tlwo
argi nine 15 resiKSEWLWLYAF ays potlddt and sel2@8 ve aftivi B9 agai|nst E.
coli with low |[[HZ&l s of henplysis.

[RRLWLW]-HCI 16 8 8-16

[RRKWLWLW]- 32 16 32-64

HCI

Kanamycin 4 >128 4

Norfloxacin 0.06 0.016 0.06

Penicillin G 32 16 4

Vancomycin 128 128 128

15
Table 8: Gram-Positive Bacteria
. E. faecalis E. faecium S. aureus
Peptide Sequence 1051299 SPI8O ATCC 33592
BHI broth BHI broth MHII broth
MIC (ug/mL)  MIC (ug/mL) MIC (ug/mL)

[KKLWLW]-HCl >128 16 32

[KSKWLWLW]-

HCI 8 4 4

[RRLWLWI]-HCI 32-64 8-16 32
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The spectrum of activity and nmenbrane selectivity observed with the above
peptides indicates that even single am no acid substitutions can influence
ant i bact ewpak/ognsbd vity and sel ectivity versus mamal i an c@CIraISo20:3The
effect of plasma proteins on the availability and stability of cyclic
peptides in visi.eooweas al so exam ned. Antibacterial activities remai ned
unchanged in thgREKRIMLW of Iargge nmounts (up, to 50% v/v) _of fetal bovine
serum (FBS) in ffhe cul ture nedi a.*"However, most pepti des efani ned have a
reduced | evel tic actividiygi n the prgsence of 5-1PP FBS in the
assay 25 m xt U%Z&%%%r ed to analligous assay??n t he abs%%ée of FBS. For
exanple, in t ragﬁ(ge ce of 10% EBS, pepti deﬁ?%EQ ID NO 8

[cycl o- (D Lys- AHBRG- 7rp- D LelTr p- D Leu- g))] di spl ay® five-fol d
reduction in heWenspaiyeimactivity (PPom HD50 =18to 50 g/ n%> Oyclic

pepti des having SEQ I D NO 13, 18, 26, and 29 were assayed for 30
proteolytic susceptibility. The peptides show abiotic structure and
conformati onal preferences, and were stable in the presence of trypsin, a-
chynot rypsin, subtrhk iaﬁﬂitfhcte@i@ﬂpﬂ@;)@@ids of @Rt f)@eﬂ)ﬂ%&{}ﬁé}iﬁde@@f)ﬁﬂede
degradation 87 WD 02/090503 PCT/ US02/ 14329 1361, 009WO1 was observed in
chr omat ogr amivsptien sredutthes lystratgpiicTavle P Fagh cyelicineptidpisdesaribedper eas
control |gkne - ' e ' r Q?W ' ~than 10 mn
under si m5 I a%‘}@gg@?‘%&r}g%g‘%}lﬁﬂgﬁgm& &w‘»@ﬁﬁﬁ ou?&qﬁgba!rvg dv\glgigaht ’aced in
mur i ne bl oodbpichareo identi®ytlispdpvidied andtdrermiicesit pagnthéseg taindivagatheve and
grampositive _bacteria are shown in Tables 7 and 8 respectively, al ong

wi th control SE@s@@%é’i-%é‘@BA%ﬁﬁpl?e@vgﬁ WFCilesi st qeawst MR 'Ffish%aﬁ’a

[ epresent at i e pfobv i REMRIR)AATUERTRA) WaPvitlblnl eitkeWibahe  singl e ami no
acid letter coges are enployed to facilitate sequenCe conparisons. 10
Under | i ni ng Entireadcesfaebrdts (MRE)ABCCE1535)andfamienwlpod attivegiagaiestand
brackets @ndi cate 1t hatdggedpglﬁ)ti des are circular. Table 7: G am Negative
Bacteri al®. BBPIMRLapsgd beodeells. (£ 744) H influenzae M| broth Ki2

(tol C :kan) ATCC 49247 Peptide Sequence MHII broth HTM M C (ug/nL) MC
(ug/m.) MC (ug/nL)
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LKKLW.W - HO >128 32 >128 j KSKW.WW- >128 >128 32 HA LRRLW.W-HCO 16 8
8-16 LRRKWWW- 32 16 32-64 HCA Kananycin 4 >128 4 Norfl oxacin 0.06
0.016 0. 080m@@mIs03 | 1in G 32 16 4 Vanconycin 128 128 128 PC3/URabh4328:

Gram Positive Bacteria Peptide Sequence E. faecalis E. faecium S. aureus
ATCC 51299 SPk86hewdecC 33592 BH broth BH broth MHII broth MC (ug/nmL) MC
(ug/mL) MC (ug/ ) TABKOWIHIViHG Actihvify Agninst MethR{hWedlstart 4 4 HA
LRRLWLW - HC1 32-64 8-16 32 88 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WOL

j RRWLWLV] - 8-16 4 Stapfarpcokunerngus (MBEAQ apd Mancomycingesist®ahicin 2 32 0.5
Penicillin G 0.5 128 64 Vanc ' : The anti bacteri al
properties of different typesO%%/tg}éd)%g% a%%%ts?geig)of the invention are
further illustrated in Table 9. Each cyclic peptide is described in 5
short hand usi hNgpeptidel Sejutthded || MRSAL ¢ WREh [anm nRB&-T ds| hmediadD-|chirality,
brackets to igentify cyclic peptides apd a nuan.le,'hawggen pggegs [t o
indicate the |SEQID NO (i.e.,| NO). These pepti(éﬂ e t est ed |agai nst

re
I\I\5

met hi ci | i n-re:WWMBb cusaureus (VRSAJ(ATCC335p ) —and

vancomyel - er s RNAMYCIN 150 | >600 >600 b,c
MELLITIN 6.3 6.3 10 b,c
NORFLOXACIN <2.8 <2.8 >360 b,c
VANCOMYCIN <1.8 >240 >240 b,c
Group-| octamers
[KEWLWLWEF] (40) 33 >44 >44 a,a
[KLWLWLWL] (41) 12 25 30 b,c
Group-ll octamers
[KSWLWLWEF] (42) >26 >26 >26 a,a
[KWWLWLWH] (43) 13 17 >23 a,a
- [KWWLWLKW] (44) 4 4 >58 a
Group-Ill octamers
[EKHWLWLW] (16) 100 100 >100 a,a
[HKHWLWLW] (21) 12 16 25 a,a
[KHKLALAL] (45) 50 200 >200 b,c
[KHKLALWL] (46) 25 50 >200 b,c
[KHKLFLAL] (47) 3 13 >220 b,c
[KHKLFLFL] (48) 7 13 >220 b,c
[KHKLFLWL] (49) 12 25 200 b,c
[KHKLWLWL] (50) 9 18 150 b,c
[KHKWLWLW] (22) 10 10 30 a,a
[KKKELFLF] (51) 18 75 >300 b,c
[KKKWLWLW] (17) 10 40 45 a,a
[KKKWLWLW-HCI] 6 6 75 b,c
(17)
[KQRWLWLW] (9) 12 12 40 a,a
[KQRWLWLW-HCI] (8) 8 8 70 b,c
[KRKLFLFL] (52) 11 22 >180 b,c
[KRKWLWLW] (19) 15 8 50 a,a
[KSKLALAL] (53) 35 >280 >280 b,c
[KSKLFLFL] (54) 50 200 >200 b,c
[KSKLFLFL] (55) 200 50 >200 b,b
[KSKLGLGL] (66) | >240 >240 >240 b,c
[KSKLILIL] (57) 200 >200 >200 b,c
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Ent er ococusfaecalis (VRE) (ATCC 51575) and for henolytic activity against
10 manmal i an red bl ood cells. 89 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WO1
Tabl e 9: Wo oviopese3 Acti vity Agai nst Methicilin-Resistant Scapyoeaseus
aureus (MRSA) and Vanconyci n- Resi stant Enterococusfaecalis (VRE) Peptide

sequence MRSA36VREWRBC Media Henolysis Used H D50 Control Antibiotics
KANAMYCI N 150 | >PeptideteduenceVEHLIMRSA ¢. YRE3 (10 bRBC NORFLMEARA N <2.8 <2.8
>360 b,c VAN CIN <1.8 >240 p240 b, ¢ G oup- IHembolysiss | KB8edW|LW F (40)
33 >44 >44 a, KLWLW.W. (41) 12 25 30|b,c Group(ﬂbs@ctarers KSW.W.WF 42
>26 >26 >26 a/a Y 318 37002¢ 259 VWEVEBNY (224] 2p 4 > 8 a
A 56]34 a f\r\ 4N Iwwar-t
G oup- 111 oct J.U\zzg gzﬁlo d T v_vv_ vks_s) 12 16 25
a,a KHKLALAL 45 3 HK-AL 4-6) 0—2061H,¢ KHKLFLALI
47 3 13 >220 | (B0)g' |7 33205503220 W§2ﬁ 40112585 00 b, ¢
KHKLW. WL ( 50) éKﬁéLTédNMW)Kl— & w {22)1510 3028 _a KKKEPE F1 51 18 75
>300 b, c KKKW VIKSKIZY IO 46245 [a, 400 200 >200 b,c
[KSKWLWLW] (12) 5 15 100 a,a
[KSKWLWLW-HCI] 9 9 60 b,c
(12)
[KSOLWLWL] (63) 12 25 150 b,c
[KTKLALAL] (64) 80 >160 >160 b,c
[KTKLFLFL] (65) 60 >240 >240 b,c
[KTKLWLWL] (66) 18 18 150 b,c
[KWWLWLKS] (67) 7 10 >153 b,b
[QRFWLWWR] (68) 7.5 3.8 60 b,b
[QRLWLWWR] (69) 6.3 6.3 35 b,b
QRVWLWWR] (70) 12.5 6.3 30 b,b
[QRWWLWWR] (71) 6.3 6.3 35 b,b
[RGDWLWLW] (7) 100 100 100 a
[RQRWLWLW] (10) 10 10 25 a
[RRKWLWLW] (18) 5 5 50 a
[RRKWLWLW-HCI] 9 9 70 b,c
(18)
[SHHWLWLW] (15) 30 50 20 a
[SHHWLWLW-HCI] 6 6 40 b,c
(15)
[SHKWLWLW] (13) 10 40 35 a,a
[SKHWLWLW](14) 15 30 20 a,a
[SKSWLWLW] (5) 20 20 30 a,a
[THSWLWLW] (6) 100 100 100 a,a
Group-lV octamers
[KHKHFLWL] (72) 8 16 200 b,c
[KHKHWLWL] (73) 18 18 150 b,c
[KRWLWLKH] (74) 5 7 >130 a,a
[KRWLWLKS] (75) 9 22 >48 a,a
[KSKKFLFL] (76) 5 10 100 b,c
[KSKKWLWL] (77) 13 27 >220 b,c
[KSSKALAL] (78) >240 >240 >240 b,c
[KSSKFLFL] (79) 43 43 >200 b,c
[KSSKVLVL] (80) 22 180 >180 b,c
[KSSKWLWL] (82) 27 27 >220 b,c
[KSSKYLYL] (83) 85 170 >340 b,c
[KSWLWLRS] (84) 9 12 >62 a
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LKKALWW HCI] 6 6 75 b,c  (17) KQRALWWO 12 12 40 a,a KQRWWWHC (8) 8
8 70 b,c KRKLFLFLI 52 11 22 >180 b, c JKRKWWW (19) 15 8 50 a,a KSKLALALI
(53) 35 28028880 b, c KSKLFLFLI (54) 50 200 >200 b, c KSKCEIRLY/14355) 200
50 >200 b, b [KSKLGLGLI (56) >240 >240 >240 b, c KSKLILIL 57 200 >200 >200
b,c 90 WD 0246080808 PCT/ US02/ 14329 1361. 009WOL Peptide sequence MRSA VRE
RBC Medi a  HefroPgptisleldsslieri¢eD5o MRSAI [| VRES)| >20RBED >2poMedia
KSKLNI eLNI eL $9 220 >200 >220 b, ¢ KSKLVLVL (60)Herddbysig2p Yaad i, c
KSKLW.ML (61) [15 15 125 b,c  [KSKLYLYL] 62 100 20QHP2{)0 b|c LKSKWW.W 12 5
15 100 a,a | KSKW.WW FACTT 9 960 D, T [(12) KWW (53] 1Z 25 150 b, c
KTKLALALI 64 86—>t66—>1 FREFEFE (65— 160—>240—>240—b T RTKLW.W.|
%6 18 18 150 b yo‘ﬂ@b}erg =°kh,f, FOREVEWAR-68)—7-15 3.8 60
b,b QRLWLWR[( 85 1] 1 bopad 70 12498 3 20 b0 graww R 71
6.3 6.3 35 b, | (89)7 11049900 10t0% >200 be ]
[KHQHKWLW] (87) 6 12 200 b,c
[KHSHKWLW] (88) 6 6 200 b,c
[KNQNKFWF] (89) 17 70 280 b,c
[KNQNKLWL](90) | >200 | >200 >200 b,c
[KSKSKWLW] (91) 6 12 200 b,c
[KSQSKWLW] (92) 9 18 195 b,c
[KSSSKWLW](93) | 6 6 175 b,c
[KYQYKNWN] (94) | >200 | >200 >200 b,c
Group-V| octamers
KAQAKAWA] (95) | >200 | >200 >200 b,c
[KAQNKAWN] (96) | >200 | >200 >200 b,c
[KAQFKAWF] (97) 100 100 >200 b,C
[KFQFKNWN] (98) | >200 | >200 >280 b,C
“[KEWLWLHW] (99) 21 21 >25 a
[KEWLWLKF](100) 11 10 >78 a
[KLKLKLKL] (3) >200 | >200 >200 b,c
[KRKWLHLW] (101) | 40 40 100 a
[KRQFKEWF] (102) 12 12 >200 b,c
[KSKLHLHL](103) | >320 | >320 >320 b,C
[KSKLQLQL] (104) | >200 | >200 >200 b,c
[KSKLRLRL] (105) | >240 | >240 >240 b,C
[KSKLRLRL] (106) | >400 | >400 >400 b,c
[KWKWSWLW] (107) | 12 12 150 b,c
[KYQYKNWN] (108) | >200 | >200 >200 b,C
[RRKWLELW] (109) | _ 80 100 100 a
[RRKWLHLW] (110) | 25 40 100 a
[RRKWLKLW] (111) | 12 80 100 a
[RRKWLSLW] (112) | 12 50 100 a
Group-Il hexamers
[KHLWLW] (27) 10 40 25 a
[KKLWLW] (26) 10 40 80 a
[KRVWAI] (113) >200 | >200 >200 b,
[KSLWLW] (28) 100 100 90 b,C
[KWILAR] (114) 50 >200 >200 b,c
[RRWLWL] (115) 40 100 90 a,a
[KWQWLW] (116) 12 12 >16 a,a

92



RORALW LW (10) 10 10 25 a LRRKWWW (18) 5 5 50 a
(18) SHHW.W.W 15 30 50 20 a

b, c

[ SHHWW.WHCI] 6 6 40 b, c

(15)

[ RRWLW.W HCI] 9 9 70

| SHKW.W.W

(13) 10 4wo033/090583 SKHWWW 14 15 30 20 a,a LSKSW.W.W (5pCcTUsB14309 a, a
RHSW.W.W 6 100 100 100 a,a G oup-1V octanmers KHKHFLW. (72) 8 16 200 b, c

[ KHKHWLWLl  ( 733).008%018 150 b,c KRWWKH (74) 5 7 >130 a,a KRWW
22 >48 a,a KEKReplide(séguenced |[1MRSAC W.] RBD 13| 2Medi0
KSSKALAL]j (78] >240 >240 >240 b, c KSSKFLFL (7/9)Hemofysis200Used
(80) 22 180 >180 b, c [ KSSKWWLI| (82) 2T 27 >220 byRD.KSSKYLYLI 83
>340 b,c KSWWRS§ . a 91 (WO 027 T/ OB027 143
1361. 009WOL Peptid St Hlﬁ?(q)l o'?\ﬁﬁE RBCQBr’E-du a—H ] yst$ ua%u
Group- V oct amp DY NP A YT NI PO, & A ) N b
b,c KHOHKW.W__( L ﬁgmp >i”<LEHwP|1\”Aﬁ (188)- 21 200 b @@
[KHKWLW] (119) 12 ~60 >115 a,a
[KHQWLW] (120) 43 57 115.0 a,a
[KKKWLW] (121) 23 51 >111 a,a
[KKQWLW] (122) 27 81 >215 a,a
[KNQWLW](123) >74 >74 >74 a,a
[KQQWLW] (124) >35 >35 >35 a,a
[KRKWLW] (125) 9 33 >174 a,a
[KSKWLW] (126) 19 38 >65 a,a
[KSYVWS] (127) >200 >200 >200 b,c
Group-V| hexamers
- [KEKWLW] (128) 14 43 >61 a,a
[KEQWLW] (129) 25 10 >81 a,a
[KHQSRT] (130) >200 >200 >200 b,c
[KHQSRT] (131) >200 >200 >200 a,a
[KSIRIT] (132) >200 >200 175 b,c
All peptides tested were TFA salts except where noted. Media “a” was anti-

microbial media-3 (AM-3). Media “b” was cation adjusted Meuller Hinton

broth (MHBII). Media “c” was Brain Heart Infusion (BHI).

In another series of experiments (Table 10), the activity of cyclic

KS (75) 9
b, c
KSSKVLVLI
85 170
9
HD50
00 >200

peptides of the invention was tested against a larger variety of bacterial species.

The bacterial species tested were as follows: Vancomycin resistant Enterociccus

Sfaecalis (VRE, ATCC 51575); methicilin resistant Staphylococcus aureus
(ATCC 33591, MRSA); E. coli: IM109 (DE3) Bacillus cereus (ATCC11778);

10

for the hemolysis assays as described in Example 1.

Table 10: Minimum Inhibitory Concentrations (MIC) in mg/ml

and Streptococcus pneumoniae (ATCC 6301). Murine red blood cells were used

Peptide VRE |MRSA| E.coli | B. cerius |S. pneum.| Hemolysis
HDso mg/ml
Group-l octamer
[KLWLWLWL ] (3) 80 ppt 100 50 50 20
Group-It octamer
[KELWLWLW] 100 100 >140 100
(143)
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KNONKFWE (89) 17 70 280 b, c

12 200 b,c KSQ@SKWLW (92) 9 18 195 b, c

KYQYKNWN Ww8dp/09@308 >200 >200 b, c
>200 >200 b, c

b, c

G oup- VI

KNONKLW. 90 >200 >200 >200 b, c
KSSSKW.W (93) 6 6 175 b, c

KSKSKW.W 91 6

oct amer s KAQAKARMAIS)Y5)329-200

100 11 10 >78
a KROQFKFWF (!
(104) >200 >2(
(106) >400 >4
>200 >200 b, c
RRKWLKLW (111
KHLW.W 27 10 4

b, c

KSLW.W 2%

100 90 a,a |

KAQNKAWN (96) >200 >200 >200 b,c [KAQFKAWEI 97 100 100 >200
KFQFKNWM61.0d08®D1 >200 >200 >280 b, c  KFWWHW (99) 21 21 >25 a KFWW.KF
a Reldtidé KLKLIVRE3) | MRIA) E260 H>BOrivsa SW-W("PU&)S 40 40 100
102) 12 12 3200 b,lc KSKIH H [ 103 >3320 >320 >Hﬁanmyml KSKLQLQL
D0 >Bmop-flestamesKl RILRL] |(105) 240 >240 >240 h. ¢ KSKIRLRL
DOKSHEVIV & [KWEASVIEWP ([1079 1P 12315(0 b, ® KYQYKRRW ({108) >200
[ »] )l:l\AIl'lnn\ 10 100 o LKDLAAY AL 110 [ Y =, W N | 0 a
\.LU\.S} \v) J.E'i (o} INPE NV T VA sJ.J.U yae] U 1
- a RRKW.SLW (112)]|12 50 100 a Goup-11 hexamers
REBWAWLRKL VLYY 26 11D BB al [K TT wII3] >280 >200 >200
B 10001800 90 b.c  KWIAR 114 50 >200 [>200 b, ¢ RRW 115 40
LWITIBE) 49 1P 914 218 b2 12 35
[KKKWLWLW] (17)] 40 10 65 5 10 45
[RRRWLWLW] 10 35 10 5 35
(133)
[KHKWLWLW] (22)] 10 10 80 8 8 30
[KQRWLWLW] (9) 12 12 80 3 4 40
[HKHWLWLW] 16 12 15 4 19 25
(21)
[SKHWLWLW] (14){ 30 15 100 6 5 20
[KRKWLWLW] (19) 8 15 60 3 5 50
[SKSWLWLW] (5) 20 20 100 >30 30 30
[KQKWLWLW] 20 20 100 7 8 50
(1)
[SHHWLWLW] 50 30 100 11 40 20
(15)
[THSWLWLW] (6) 100 100 100 >280 100 100
[RGDWLWLW] (7) 100 100 100 >280 70 100
[EKHWLWLW] (16) 100 100 100 85 50 >100
Group-VI octamer
[RRKWLKLW] 80 12 6 23 25 100
(111)
[RRKWLSLW] 50 12 12 13 12 100
_(112)
[RRKWLHLW] 40 25 15 20 20 100
(110)
[KRKWLHLW] 40 40 12 80 80 100
(101)
[RRKWLELW] 100 80 40 195 100 100
(109)
linearized octamers
H-WKKKWLWL- 100 60 340 100
OH (144)
H-KKKWLWLW- | 100 30 3 19 80 100
NH2 (134)
Ac-KKKWLWLW- 100 100 20 75 80 100
NH2 (25)
H-RRKWLWLW- | 100 20 4 19 40 100
NH2 (135)
Ac-RRKWLWLW- 100 70 6 22 40 100
NH2 (136)
H-LWRRKWLW- 40 5 4 9 20 100
NH2 (137)
Ac-LWRRKWLW-| 100 15 7 20 20 100
NH2 (138)
Backbone modified octamers
C[RRKW™LW™L 30 5 5 5 10 100
W] (139)
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WO 02/ 090503 PCT/ US02/ 14329 1361. 009W1 Pepti de sequence MRSA VRE RBC
Media Henolysis Used H D50 Goup-111 hexanmers KEKW.W 117 101 91 >121 a, a
KEQALW 1106229056315 >115 a,a KHKW.W (119) 12 60 >115 a, CTHISQ@AI4329 120 43
57 115.0 a,a KKKW.W 121 23 51 >111 a,a KKQNLW (122) 27 81 >215 a,a
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MRSA) (ATC
No. 33591 and 33592) was further tested at room temperature and/or at 37°C. A
lower temperature tends to enrich the bacterial cultures for mature bacteria
because the bacteria are not growing quickly. Hence, at room temperature the
culture will have more mature bacteria. The presence or absence of immature
bacteria in the culture may influence the rate at which the bacteria are killed,
because immature bacteria tend to be more susceptible to many forms of
antibiotics.
Cyclic peptides having the following sequences were used for testing.

D-Lys-His- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:27);

D-Lys-Arg- D-Lys-Trp- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:19);

D-Lys-Gln- D-Arg-Trp- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:8);

D-Lys-Lys- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:26);

D-Arg-Arg- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:29);

D-Lys-Ser- D-Lys-Trp- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:12);
and

D-Arg-Arg- D-Lys-Trp- D-Leu-Trp- D-Leu-Trp (SEQ ID NO:18).
Time curves for killing various types of bacteria are provided in Figures 8-20.

To generate the data shown in Figure 8a, the log of the number of colony

forming units (cfu) per ml of culture was determined as a function of time after
treatment of S. aureus (MRSA) (ATCC No. 33591) with cyclo[KHLWLW]
(closed circles), cyclo[KRKWLWLW] (closed triangles), and
cyclo[KQRWLWLW] (open squares) at MIC concentrations. As illustrated in
Figure 8a, cyclic peptides cyclo[KRKWLWLW] and cyclof KQRWLWLW]
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HD50 mg/ | G oup-| octamer [ KLWLW.W. | (3) 80 ppt 100 50 50 20 G oup-11
octamer LELWWMW 100 100 >140 100 143 93 WO 02/ 090503 PCT/ US02/ 14329
1361. 009WuD ieepisnsle VRE MRSA E. coil B. cerius S. pneum Hemalsywi4ss29 HD50
ng/ |  Goup-lIl octaner j KSKALW.W] 15 5 40 <3 10 100 (12) jRRKWLWW 5 5
15 55 50 18668 W.W 10 10 100 <1 4 25 10 | SHKWWW (13) 40 10 100 12
35 j KKKW.W. Wlled EFfectihlyl SubstanBalllyOal Udr mSRBRNE\Y \Wdrek® (R SH) vatled abad 3

| KHOWLWLW (22) 10 10 80 8.8 30. [KORWWW (9) 12 12 80 3 4.40 | HKHALWL
16 12 15V\£ (1§V)951m1§i5-L YRURP 17 E&) o5t ‘f(g &r%@%%&%n %gog E‘Rﬁv&‘f\“ﬁﬁﬁw (19) 8 \1/\{3
60 3 5 50 1Ko : SN - 100 7 8 50
11 LSHH\/\LV\L\/\? 50 638}&'%%1{%?0%@12%%%?@??& \/\%\g\‘zv%\% ‘(?6) 10%)&)1/%83%0%62580 100

100 | RGDW Ve migwys.100 100 100 >280 70 100
5 In Figure 8b, the log of the number of E. coli colony forming units (cfu)

per ml of culture is plotted versus time treated with cyclo[KRKWLWLW]
(closed triangles), cyclo[KQRWLWLW] (closed circles), cyclofKHLWLW]
(closed squares), and cyclo[KKLWLW] (open squares) at MIC concentrations.
As illustrated, cyclo[KQRWLWLW] kills effectively all the E. coli within about

10  thirty minutes. Cyclic peptide cyclo[KHLWLW] kills effectively all £. coli
within about 90 minutes. Cyclic peptides cyclo[KRKWLWLW] and
cyclo[KKLWLW] kill effectively all of the E. coli within about 130 minutes. A
comparison of Figures 8 and 9 indicates that these cyclic peptides kill gram-
positive bacteria like S. aureus (MRSA) (ATCC No. 33592) somewhat faster

15 than they kill gram-negative bacteria like E. coli. Nonetheless, these cyclic
peptides kill both types of bacteria very quickly.

Figures 9 and 10 illustrate the time course for killing §. aureus (MRSA)

(ATCC No. 33592) with varying concentrations of cyclo[KSKWLWLW] cyclic
peptide (SEQ ID NO:12) at room temperature and at 37° C. For example, at 37°

20  C, about 4 ng/ml of the KSKWLWLW cyclic peptide appears to kill effectively
all bacteria within about one hour. However, the bacterial population rebounds
by about six hours. This may be due to growth of a few survivors after the
residual cyclic peptide within the culture has been exhausted because the amount
of peptide employed in that assay was below the MIC value. Atroom

25  temperature, about 4 pg/ml appears to kill all S. aureus (MRSA) by about 2
hours and no rebound is observed. The KSKWLWLW cyclic peptide is highly
effective against bacteria at room temperature and at 37° C.

Figures 11 and 12 illustrate the time course for killing E. faecium SP180

with varying concentrations of KSKWLWLW (SEQ ID NO:12), at room

30 temperature and at 37° C. Assays were performed in Brain Heart Infusion broth.
As illustrated, somewhat shorter times and/or somewhat lower concentrations of

this cyclic peptide are required to kill E. faecium SP180 at 37° C than at room
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j EKHFEW.W (16) 100 100 100 85 50 >100 Group-VI octamer | RRKW LKLW 80 12
6 23 25 100 111 JRRKWLSLW 50 12 12 13 12 100 (112) j RRKW.HLW 40 25 15
20 20 100wO(02209)503 KRKWLHLW 40 40 12 80 80 100 101 [ RRKWPELMJS02/0G280 40
195 100 100 (109) linearized octamers H WKKKWLWL- 100 60 340 100 OH
144 H KKKW.W3M 00d@01 30 3 19 80 100 NH2 (134) Ac- KKKW LW LW 100 100 20 75

80 100 NH2 (e2fperdthBREVM:LMVA\GP1800s Rcdm§dn 4&ista (vadAD) ah8mudGpIRRKWLW. W 100
70 6 22 40 100 NH2 (136{ H LW RRKW LW, 40 5 4 9 20 100 NH2 137
Ac- LWRRKWL W resstant ® severl BBA1gnproveppntitygtitsa dioh skemplecat372 §» 8kQWhder s ¢ RRKW

cLWoL 30 o oS 0 B RN SR i O
be removed from the test culture for assessing the number of surviving cfu.
5 However, at room temperature, discernible numbers of surviving bacteria can be
detected immediately after adding about 2 pg/ml of KSKWLWLW. Moreover,
when 1pg/ml of KSKWLWLW is used, effectively no cfu can be detected after 2
hours at 37°C, whereas at room temperature, viable bacteria can be detected
throughout the entire time-course. There is a rebound in bacterial viability when

10 using 1 pg/ml of KSKWLWLW at 37°C. This may be due to growth of a few
survivors after the residual cyclic peptide within the culture has been exhausted
because the amount of peptide employed in that assay was below the MIC value.
The KSKWLWLW cyclic peptide is highly effective against E. faecium SP180
bacteria at both room temperature and at 37°C.

15 Figures 13 and 14 illustrate the time course for killing S. aureus (MRSA)
(ATCC No. 33592) with varying concentrations of RRKWLWLW (SEQ ID
NO:18), at room temperature and at 37° C. For example, at 37° C, about 4
ng/ml of the RRKWLWLW (SEQ ID NO:18) cyclic peptide appears to kill
effectively all bacteria within about one hour. However, the bacterial population

20  rebounds by about eight hours. This may be due to growth of a few survivors
after the residual cyclic peptide within the culture has been exhausted because
the amount of peptide employed in that assay was below the MIC value. At
room temperature, about 4 pug/ml appears to kill all S. aureus (MRSA) by about
1 hour after exposure to the cyclic peptide, and no rebound is observed. The

25 RRKWLWLW (SEQ ID NO:18) cyclic peptide is highly effective against
bacteria at room temperature and at 37° C.

Figures 15 and 16 illustrate the time course for killing E. faecium SP180
with varying concentrations of RRKWLWLW (SEQ ID NO:18) at room
temperature and at 37° C. E. faecium SP180 is vancomycin resistant (vanA) and

30  multiply resistant to several FDA approved antibiotics. Assays were performed
in Brain Heart Infusion broth. As illustrated, somewhat shorter times and/or

somewhat lower concentrations of this cyclic peptide are required to kill F.
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g KQRWeLWeL 100 10 8 10 W140 G oup-I1 hexanmer LKKLWW (26) 40 10 17 >10
30 80 1j KHLWLW (27) 40 10 100 5 5 25 [RKLWW (141) 25 25 13 20 [ RRW. W]
(115) 100wo02H90543 12 90 LKSLW.W (28) 100 100 100 15 20 PoT/URezispeed at
whi ch several of the cyclic peptides of the invention kill E. coli JML09
(DE3), Enter agomeweiaeci um SP 180 and S. aureus (MRSA) (ATCC No. 33591 and

33592) was f prtherSPEst£37aC thapmro@mpengatne. dulkrsmple, 810th Ronb | ower
tenperature tends to enrich the bacterial cultures for mature bacteria

because t he Imnesiting aadat 35t Copbows hyg/Hiliod RRKWLINEW (SHQ H3HR{®hmper at ure

th | t | t f
ture  bagtbkil RS TRAE R A Che bl HORNRERRICR AL ARSoNCD ©
bacteria ar e(S@(? B ANO: 18 catisepdptitaisifighlpatfeaiveaghiasds.tfedien SP180 suscept i bl e

to many fornms of 10 antibiotics. Cyclic pegtldes having the foll ow ng
sequences® meb@ct@x@eaibpdrrmés&emgraturi)mk d/at- ¥ D-Leu-Trp- D-Leu-Trp (SEQ ID

DLy an B ar g Uy oot antiofy sRipBHics Al indib B BB e ekipablfley OV | o
D- Leu- Tr p- Dstopbadtefia erE@rbﬁdﬂCBLQ @) not Elkﬁ@eﬁﬁ gmcl&yLﬂUnsﬁsﬁHusl&atedun Trp (SEQ

ID NO 29); D Lys-Ser- s-Trp- ,D-Leu-Trp u Trp (SE NGO 12); and
D- Arg- Arg- DFigpgestl/pand Ij-SL ﬁlchrpéo"lﬂﬁ EEH‘G‘FPW%@E@ ’BgI‘SOW’?Si &Rg & Ti me curves

for killing Y%ﬂgg% 13%RES) 1{:_1'18& g'c bﬁc& r§t1 sQ;‘f' ?ﬁ’&!llhﬁ'd: '&é*fl%traﬁec?o To

generate the shown 1'n ure-8a, he nunber of col ony

form ng wmi t at loGimUEmperaturt ne tooghtration o@mﬂﬂheﬂms&@da@ ta Sl2pgtmilon of tine
after treatnent of S. aureus (MRSA) (ATCC No. 33591). with cycl o] KHLW.W
(cl osed ci rcIWégyffeqip/&f@r[lﬂﬁmquen(%qua@édﬂlﬁrepawgq%satloaﬁéS agireus

cycl of KQ?V\L\/\%/M# obelMStiipti ed in
Figure 8a, cyc |S%9%§§ng+égén§§% uﬁ% K%%V\f ?(?:)IEISC i S?(% it 95 WO
02/ 090503 PChighefi26A3#@#tion employed (512 pg/ml) pemcllhn G was effective i 1n

reducing the number of cfu within four hours at 37 °C. In contrast, as shown in

15  Figures 8-16, cyclic peptides of the invention quickly kill a variety of mature and

immature bacteria at comparatively low concentrations.

Example 3. Membrane Depolarization Activity.
Although not intending to be bound by any mechanism of action, it is
20  believed that one mechanism by which the present cyclic peptides may operate
to kill microbes is by membrane depolarization. Another mechanism by which
the cyclic peptides may kill microbes is through a receptor that recognizes the
cyclic peptides as ligands. See Friederich et al., Antimicrob. Agents Chemother.
44, 2086-2092(2000); Amsterdam, D. in Antibiotics in Laboratory Medicine, 3rd
25 ed. (ed. Lorian, V.) 53-105 (Baltimore, Maryland, USA, 1991). A
receptor/ligand-mediated mode of action for the cyclic peptides in bacterial
membranes is unlikely for several reasons. First, cyclic peptides with diverse
structures are active against microbes, but most receptors discriminate between
potential ligands on the basis of structure, and will only recognize ligands having
30  defined structural features. Second, the peptides of the invention kill bacteria
very quickly whereas a receptor/ligand-mediated binding/inhibition mechanism

would typically be expected to take several hours to achieve complete
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1361. 009WOL killed effectively substantially all or nost of the S. aureus
(MRSA) within about five mnutes. The reduction in cfu count was greater
than 3 | ogouniobaso3 Cyclic peptide cycl o] KHLWLW ki | | ed ef freatisemhds2al | S.
aureus (MRSA) within about 60 mnutes. 5 In Figure 8b, the I og of the
nunber of E. imndbwool ony formng units (cfu) per m of culture is plotted
verlsu[s time bicaididhlor bictarjstdtio] RGN WIWs examblegerdvities biophyessda) data

cycl o] KQRW. WL (closed circles), cyclo[ KH.W, cl.osed squares), and
cycl o[ KKLW.vha mﬁﬂgamaneaﬁepmamtmm g‘?“"’b\s i | ﬂust r a% ed,
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ef fective e E. .colj ou ut es. arison

Fi gur es )a/m CETOWBFQ%'E?]}%S%@wégwcio’ééﬁfg @gg"éfigfq '%E’r'g‘rgﬁ%bolsis? i vg
bacteria | i kenSLeabl By, (MRRMAwd ATEEpMRidcSBEINImINRWIRD aétdsti® 15 than

they kill gramnegative bacteria |ike E coli. Nonetheless, these cyclic
pepti des ki | Hespite the differsnerss inghiraity af thesspeptidesatypactpesitians Morgauers o

w th vary ng caheEned B P Skt R RPH Byt RRob kgl PR D
N/O-m12) f at hr OgpBetl @BAJtexidlifingrisl nat coddistent With a exceptpl/igamd-ma3diaRd Mihdeabout 4
g of the KSKW.W.W cyclic peptide appears to kill effectivel. al |
bact eri al@ t Bf #Fti®BoLYUCH AdCErRAT-ligB a,mstnﬁc‘;"oﬂgﬁlflﬁﬁ Wuﬁﬁﬁlﬂr%‘%@ﬁor ebounds
by about six g Eall bendWerit® BLRWENFRra S BYY BA Mdiadples after the
resi dual cyc}(?%%gtai-{ gst\}/l\ngtg%olrnﬁlphggré%ﬁure has%ﬁ)']éen exha%irs%(lgd%bécause t he
grSrDunt of pecthindﬁc pepjid@yl/aai/ihgnSEQdD NOSand#Q e INW 1Ohand\ieBamatice. At room
2 hours andprisiepbtinasPe Ton3BrEa St ixaedve ey EioRe pTE 05 i gl y
ef fective ag%&%tthé)ﬁﬁt:%b@c&ﬁpl@&%{eﬁmﬁra’&wﬁgagmﬂst%t apbueMEgQures 11 and
12 illustrate the time course for killing E. Taécium SP 180 wth varying
(c::onggnt r &% i omsthof 5 fmx\nlqungQD:'eN& tleyth?raﬁX_amtﬂgwoﬁ?hmeelﬁﬂAsmgasﬁ_ lluhl & and gt 37
: says were per.fo in Brain r nf usi on broth. illustrated,
somewhat sho?‘ieégo‘flfi?‘égﬁgﬁar/e&oug:?ﬁ%%%t | ower concentrations of this cyclic

peptide are requi rgehik Bxknple, &yclit pestidesmeRiBteato dtermihbdmetrbr thepm 96 WO
02/ 090503 PCT/ US02/ 14329 o o
would exhibit cellular depolarization activity. The fluorescence of the cyanine
membrane dye 3,3'-dipropylthiadicarbocyanide is sensitive to changes in
20  bacterial membrane potential, and was employed in this Example to follow the
effects of peptide SEQ ID NO:8, 18 and 26 on membrane depolarization of live
S. aureus (ATCC 25923). See, Sims et al., Biochemistry 13, 3315-3330 (1974);
Waggoner, Annu. Rev. Biophys. Bioeng. 8, 847-868 (1979); Loew, Adv. Chem.
Ser. 235 (Biomembrane Electrochemistry), 151-173 (1994).
25 In each case, the exposure of dye-saturated live S. aureus to cyclic
peptides at various concentrations (0.1 to 1 x MIC, minimum inhibitory
concentration) led to fast and complete membrane depolarization (Figure 3).
Culture samples taken during the course of these experiments correlate
membrane depolarization with cell death. Substantially no living bacteria could
30  be detected after five minutes exposure to MIC concentrations of peptides,

whereas at 0.1XxMIC concentrations a significant population of live bacteria was

still present.
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1361. 009WOL tenperature. E. faecium SP180 is vancomycin resistant (vanA)
and multiply resistant to several FDA approved antibiotics. For exanple,
at 37 C, wboaw®o3 ji g/ m of KSKW.W.Wcan kill effectivelypralriushactseyi a
faster than an aliquot can be renoved fromthe test culture for assessing
t he nunber ofizesogowiovi ng cfu. 5 However, at room tenperature, discernible
nunmbers of surviving bacteria can be detected inmmediately after adding
about 2 g/m of KSKWWW Noreover, when 1 g/m of KSKWWWis used,

ef fectively %Olé?ylﬁlcéb%t“lgéesdé@é&f‘@&'cé‘ﬂf'@gr@eshours at 37C, whereas at room
tenperature, viab J! detnggt QMo r e

ti me-course. Thergﬁiebsa&)g’hgg %Sﬁ%y?éﬁ%gacterilgﬁy{l/tihgﬁb(?ﬁ?ipgh@v%%ﬂ%ﬁelso using 1
pg/ M of KSKwipfowaamedB@Ene phinseatioy mode dfiaction. Gtedieshsuppord thiesdea thav vi vor s

after the_resjdual. cyclic peptide within.the.culture has been exhausted
because the § h’??ts‘d&}¥°b“é‘§_t$d§ %Flg%‘ﬁ‘nﬁﬁermfm%@ﬁ?%es low the MC
value.  The @%&X\@g{ﬁmc&r&e kAl®ing on m%i}iog{:iﬁggiﬂp\ﬁtiéﬁ%hd‘s'f E. faecium

SP 180 bacteria at roomtenperature and ~37C.° 15 Figures 13 and 14
illustrate thkequenceeofcbecwdicipeptidd. |Hor eyareplesthe peptideNEEAID NAZCeydlel- 33592)

W th varying goncentratiqQns W EQ I D 18 room

t enperat ure Qﬁ’@fﬁé e‘?ﬁ@ﬁ%&‘&m%‘?s °ﬁ§ %7%Sp§g2§anﬂ?ﬁeﬁﬁh?t B the
RRW.WLW ( SEQnbIRrNRANLE) infeyfdl idfank@dtdcflRs BpeRaiesmémbiantd andefct@dingwel y al |
bacteria wi thin about one hour. However, the bacterial population 20

r ebounds1®y ATFRFTER ghalyhoiwBMPEhngltibHgyaseasserableninge adubie-18fe sHue®ye sur vi vor s
after the resgidual . cycl i i Lt hi t S xhaust ed
%hagls orfeng pﬁ%pﬁ?n?%hiag?o rr&gﬂalrn mgl#" ’H{e?efglae tlggsgfklee

because the anoun € enpl oye assay Was ow the MC

val ue. At r aaiBtiiRBRSughYPoes makadisndit & alikedppode 8f fumcKonh forahik p&ptideur eus
(MRSA) by about 1 hour after exposure to the cyclic peptide, and no
rebound is obSeR@HE 29he 25 RRKW.W.W (SEQ I D NO 18) cyclic peptide is

hi ghly effective i teri ) 13L.C. Figures
150and 16 111 ust r QAN piher RARL B rBn@lodeo i RRREIINO AR i 1 1
varyi ng tHnc®aLew{Trp3-Leh); BRI ¥\p¢1SECar gzdN@le chdjn likely foms atdeffgrentat ur e and

at 37 C. E.faecium SP180 is vancomycin resistant (vanA). and 3Q nultiply
lesitant o GRUBPLFUBCRSHEY BUBATIRENBE D13 Blarbas ) dhesE BheDr e 1

Brain Heart hﬁ?ﬂ&ér%@cﬁ"s@itffaciﬁﬁte}s |t11taﬁ§§oha<§fq£¥gelsrﬁgﬁ¥‘fﬂ€§ ofSliPfot €r times and/or

sonmewhat | ower concentrations o i's cyclic peptide are required to kill

E. 97 WO 02/ egoso@nardy 10800 MW3rgoss membranes. Furthermore, the supramolecular
structure formed from peptides having SEQ ID NO:3 (cyclo[-Lys-D-Leu-(Trp-

20  D-Leu)s]) maintains an orientation in synthetic membranes that is perpendicular
to the membrane plane according to ATR-FTIR analysis. These data support the
conclusion that the peptide likely forms a barrel-stave type supramolecular
structure in which multiple upright nanotubes bundle to form a larger pore
opening (Figure 2b).

25 In comparison, peptides like SEQ ID NO:11 (cyclo[-(D-Lys-GIn-D-Lys-
(Trp-D-Leu),;-Trp-], SEQ ID NO:8 (cyclo[-(D-Lys-GIn-D-Arg-(Trp-D-Leu),-
Trp-], SEQ ID NO:17 (cyclo[-(D-Lys-Lys-D-Lys-(Trp-D-Leu),-Trp-], and SEQ
ID NO:18 (cyclo[-(D-Arg-Arg-D-Lys-(Trp-D-Leu),-Trp-] which possess a
hydrophilic face of three contiguous residues, not only mediate the transport of

30  molecules larger than the internal peptide diameter (Figure 4), but also adopt
orientations that are approximately parallel to the plane of the membrane

structure. The ATR FT-IR spectroscopy of cyclic peptide SEQ ID NOs:8, 17
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1361. 009WO1 faeci um SP180 at 37 C than at roomtenperature. For exanple, at
both room tenperature and at 37 C, about 2 g/m of RRKWW.W (SEQ I D NO 18)
can kill wbDfeeopisoely all bacteria within one hour. Hence, PCTaUSRRKMEN W
(SEQ ID NGO 18) cyclic peptide is highly effective against E. faecium SP
180 5 bact er imi.adwoot h room tenperature and at 37C. Many conventi onal
antibiotics andal%n'rrgln}‘/nelda(tipkrmembmmbs:revc@amidgl tritkamidstlbparislaghadaiea from

i but d t kill LY o RIS | | ust Fi
O oana 10, whbRets ety FarBedtidied gehmiiine et TaUE S hebar) ' O aToc
No. 33592) WobdbrVa ahiae A QNG QipbtcRY freien@és PP altightn&ewoSof | I ustrat ed, 10

at roomtenperature no concentration of penicillin G assayed up to 512 g/m
was ef fecti véntérsubyaif bmh@nemdmémb¢@3%| anntttﬁé/eemasu@rrmﬁunatl on of S.

Fovever At PHene PG PBERb R frd BARBU RS Blr B B, 1T 6 s

effective i nnaﬁ&ﬁ%ﬂé'a?@oﬁéi@emmmﬂﬁlt@ﬁgle\ﬁ'oh’flthl& nflé?hllﬁraﬂ@ﬂdrﬁlaﬂitﬂﬁge I n
contrast, as shown in 15 Figures 8-16, cyclic peptides of the i nvent i on

qui ckl'y ki | | obseveations yuggfestraeqameéh&ﬁmodie eRErembsanseraestiondFigienpar at i vel y
| ow concentrations C y. Al though
not i ntendi ngnctreasglg n%o 11%(31}135{? ‘?10 rr?%ea Lfsfb%h,ga@ﬁ%fakf&' 0 believed
t hat one rrechamfasens@akuygnoei’entahen bvei'&embreeﬁb&hlng"pﬁpﬁﬁadas may operate to
kKill m cr obes i s by nmenbrane depol ari zati on. Anot her mechani sm by which

t he cycl peptides may kill mcrobes is through a receptor that recogni zes
the cyclic pgepldHes agUIR JAHy data gad opentalitay ofamtibectenial cyglipaptide ob. Agent s

Chenot her. 44, 2086- ZQMtQmwonmEWdlp@mulﬁbmwﬂm otics in Laboratory
Medicine, 3rd 25 ed. (ed. Lorian, V.) 53-105 (Baltinore, Maryland, USA,
1991). A recepCgiié Pipgeend- nﬂmhmxedcrn’bde of @etidlon flor t hipidcycl | aTigept i des
in bacterial |nSERIBNGs i|amidel|iAkdley Alndde |$avVer Bl | TibBldaIsATFi|M8€ | cyclic
peptides with|diverse stleluctyrlbs gr& adtive aghinst mcrobes, | but post
receptors dis¢8im nate batieen 156%)t eﬁﬁ dl lilgand30°gn tIHE bagPys| ofl°
structure, an JI[KHBIWL%‘W g e|lig ]ards havi hg 30 defined structpral
features. Seco #\5 ﬁp 1 % veht? on| kKi°l)l Bddtefi?® | V& y| qui ckly
wher eas a rec«i - or g]l altsgéi bizgﬂ ng/ |35|h| k:ﬁl on lr’@chd%os woul d
Ot

typically be ¢ ‘%\FLQ@LW take |several hdurs to p ileve conpléte Y8 10
02/ 090503 PCT“%%ZCTA’SZB 136 009V :

? The dichroic ratio of the amide-I intensity with parallel polarized incident light
15  to the band intensity with the perpendicular polarized light.
® The dichroic ratio of the antisymmetric CH, stretches of DMPC lipid.
¢ Tilts refer to the angle of the molecular axis with respect to the surface normal.
. 4 Difference between the angles of the peptide tube axis and the lipid
hydrocarbon chain. Lipid and peptide nanotube tilt angles are calculated
20  according to methods detailed in H.-S. Kim et al., 120 J. Am. Chem. Soc. 4417-
24 (1998). DMPC: dimyristoyl phosphatidylcholine. Data are average of two
samples with errors <+2°,

Further evidence for bacterial cellular membrane activity is provided by
25  electron micrographs of bacteria treated with cyclic peptides of the invention.
Bacteria (S. aureus, ATCC 25923) were treated with cyclic peptide
cyclo[KSKWLWLW] for 120 minutes at room temperature and then prepared
for thin section electron microscopy by standard procedures.
Figures 21-23 illustrate the membrane effects caused by cyclic peptides
30 of the invention as observed using the electron microscope. Figure 21 provides a

thin section electron microscopy image of untreated S. aureus (ATCC 25923)
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bactericidal or bacteristatic activity. This exanple provides biophysical
data that supports a nenbrane depol ari zati on nechani sm of action. The
struct ur awodemersssty of cyclic peptides with activity is iPCTusoz/atsed by
enanti omeric peptides having SEQ ID NO 8 (cyclo-[D-Lys-@n-D-Arg-Trp-D 5
Leu- Tr p- D- LewssTé®@wp1 and SEQ I D NO. 9 (cyclo-[Lys-D-G n-Arg-D-Trp-Leu-D

Tr p- Leu- D- Tr gisplayiHgesrinabin€i¢Cnembpept Fipsestvandsi3nprbeide thingedtion activities
despite the di 1 ferences in chirality of (II‘A\‘hf eptides at each position.

Mor eover,  aSlepiren@iGrasceny Byagenef i HEes 'Cﬁ(gzg?ﬁdia@@r HPOHFERd in the
previ ous Exa s i L i t with a
receptor/li gg%?[ %%g%né%ﬁﬁgggpéfﬁgzgsgyﬁoﬁwjéug%sgﬁpe e ?(g\}r}&? iﬁggﬁd

mechani sm wouisdalidakieh pf # egribranemode dfiagon. oArrkivk detbste blardrmat han t he short
time periods shown in Figures §-1 For. exanpl e, octaneric peptides having
SEQ I D NG 8 8¢ Sfrc .sf@?segr?aqh%Q%iaﬁt%’pepti des having SEQ | D NO 26
and SEQ I D NO 27 alidefc®is mdtda®s an @ftidhicioBiadhctivilii8ed fiqeddt fa faavén conpl et e
bactericidal activity against S. aureus MRSA 15 within 5 and 60 m nutes,
respect i vel ymembrateaqreragatiop depotarizations ard/or lysly- Sugklpedencgrieclpdesihdted in t he
previ ous Exapple...ln this anpl e |.i,C_ . I re t determ ne
et her -t hoy T agatsPeiten i BB foral Wi G iERba 18 MR GERE P

f | uor escences@iictlilee des¢abedEere BRIV hidthenichybiaBaddivitsl] thaofy kidlicatbddesbocyani de
is sensitive to changes in 20 bacterial nenbrane potential, and was

enpl oyedl9 n £ depelasizp miciobia Blembvnehdhatafteriated tgtal geflselagee GER) Bino 8, 18

and 26 on ne |l art I i Srdeby &En% 2 See,
Sims et al., [%E%%ﬁrg%@o@? rsgc{d%?}%%g%%{émgfé&ﬂ@ﬁﬁgggongr, ‘cr—_l’[%u%)mRev.

Bi ophys. Bi oefigctio,ratBér7th8i6 8 rdctpi6n)igardomediatdd bindiigmhibitser me@@hiseBi onenbr ane
El ectrochem stry), 151-173 (1994). 25 In_ each case, the ex ure of

dye- sat ur at ean‘i[ &\?t&elg‘?“%%%sc?@' yedls an effeeh of thesyelic R’Fé’?‘ld%gtotg%ncent rations
(0.1 to 1 x MentidH &4 FdmbERIsRLLQFY concentration) led to fast and

conpl ete menbrane depol ari zation (Figure 3). Culture sanples taken during
the court® of these experinments correlate nenbrane depolarization with
cell death. Substantially nq ljving, bacterja. .could 30 be detected after
five ninutes expo&%@g’ﬂi“eil\/! 3“_6'65‘&‘53“”3&%%@6’? q/g‘é?pti des, whereas at _
0. 1xM C concentr a%ﬁ@&o%y Shgrek i hﬁﬁﬂttoﬂ@@l@%ﬁkw@i&sﬁfmlide\&ﬁerbaﬁﬁ&fcte@ tg@as still

present. 99 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WO1
evaluate various routes of drug administration, maximum tolerable dose, and

blood and tissue toxicity. Two mice in each dose study were injected with a

20  bolus intravenous (IV), intraperitoneal (IP), or subcutaneous (SQ) doses of
peptide SEQ ID NO:8, 18, and 26. For each study, two control animals received
vehicle only and no peptide. Studies with peptide SEQ ID NO:8 indicate that
bolus IV injections of 12 mg/kg cause signs of temporary (<10 min in duration)
discomfort. In contrast, no signs of toxicity were observed at the maximum

25  tested dose (12 mg/kg) with the IP route of administration. Peptide SEQ ID
NO:26 was tolerated up to the maximum tested IP dose (50 mg/kg), with the
highest dose causing signs of acute toxicity that were not observable after one
hour. Signs of acute toxicity included any one of the following: lack of activity,
red feet and tail, or faster breathing. Peptide SEQ ID NO:18 was tested up to

30 17.5 mg/kg IP and SQ doses without any apparent signs of toxicity. A regimen
of 17.5 mg per day of peptide SEQ ID NO:18 for three consecutive days was

administered to two mice IP and two mice SQ. Over four days, no apparent
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Bi ophysi cal Studies in Synthetic Menbranes The bi ophysi cal anal yses
performed in synthetic lipid nmenbranes al so support a nenbrane perneation
node of awbDim9oses udi es support the idea that 5 eight re®cdusozyaskdc D,
L-a-peptides can likely formdifferent types of supranol ecul ar structures
dependi ng onitshevwmino aci d conposition and sequence of the cyclic
peptide. For ckamppirethe phpsigepiocul aBi@edibgNctivitics weteofbserved in these

A n-D Leu-(Trp-D-Leu facil.itates only the transport..of . anal ytes that
are smaller “ﬁﬁ%’ﬁﬁi‘%ﬂ %ﬁ?@‘f"ﬁéﬁ‘ciﬁn&_ e[de"?“t}ﬁ‘éerhéés?lg A %8'(5@ dﬁe@ Gnes and
accor di ng t 0 hdQaPIdgyrAddromyany HeilbdmidyiicopiclsxbMidafvh of vasagmidhres i nto a
tube-like structure that Is oriented perpendicular to the nenbrane plane.

Therefore, t laed eigagisemplea perfervecdiomrtbeiffhuthsiay affectha migah inteciien shomedel y node

of functign for this penti i - N nd, the

honol ogougs) pgﬁﬁ%gh%ﬁé?‘ﬁﬁ“%@‘%‘ggf%‘ﬁ%?%ig’é ngr@ﬁ%tl???%f@{@u) 3])., having
a pol ar char ggectiding €K habsbotn, KaiM, PlaDishaScigps ®esetrch Fisfitudd)p Thesel ar
structure with an _gpening that is |larger than the internal tube dianeter

because it f &¢§ShHtied madsrds gbpcys i HopgyRicd| o€ dP gpd §R qrae

appr oxi mat el Xd&%i?pa(?iow across nmenbranes. Furthernore, the supranol ecul ar
structure forne rom peptides having SEQ ID NGO 3 (cycl o[ -Lys-D-Leu-(Trp 20
D- Leu) 3]) nmi nt ai s Vawr dribectesiti Bifectsn Beptidd SEQADnN bt Swestestadifori s

per pendi cul ar .to the nmenbrane pl.ane cording.to ATR-FTI R an sis. These
dat a supmrt a{‘tﬂé’l"te@&ﬁ@l g o Sﬁﬁ{mg Wgeatﬁ‘ér isd’égﬁlﬁti‘?(‘@'ﬁ-[/ﬁ?‘iﬁ’rt% mécagtlﬁ%‘el -stave
type supramolggehAlinfesdidi CEwé GrouPs Biinedd (Miké PérRlodPl &k chapPveres bundl e

to forma larger pore opening (Figure 2b). 25 In conparison, peptides like
SEQ I D NO 1linftggeintap¢rbongedly@eaft sidd) yyth 4 el ﬂpssexﬁMggAp(A]T,CCSE@ﬂD NO: 8
(cyclo[-(D Lys-d n7-DArg-(Tr -D-Leu)2- Trp-], SEQ ID NO 17
Ecyc:o%-ggky%SE%-mWehrﬁl@c@ﬁ)gzoupr Wﬁce,ﬁatlmlufmwf% -
cycl of - r - -4 lngzé;k =l philic
face of thre \Qe(]:qurrl] ?g&%ﬁl? ?dé_salﬂgggs, n%?v-g{)e%dy 1%{& ga%itSglgtaﬁtgﬁet%ru gl sggg??pof 30

nol ecul e$5 | atlgarppehastkicomparinentsvon pé&pat MBS Adingreader T heguerenddgrouppof al so

d i ' : ' . 1] el he pl f th
Tenbr ane. St Pl 4HE borRgeRtie P fk DATTHEBOR] . o PERBBIET de SEQ | D
NGs: 8, 17 10Q4WQ:ide/edApRen&l WFA FRAR intdR8hk WPk randidSdasgynt heti c

|'i pid nmenbranes reveal am de-1" and am de-11 bands that are
administered soon after MRSA injection. All mice in the control groups that

received vehicle without peptide (0 mg/kg doses) died within 48 hours.

20  However, at 40 mg/kg bolus SQ dose and 2.5 x 5 mg/kg IV dosage regimen,
75% and 50% of mice survived, respectively, during the course of a fourteen-day
study (Figure 28).

In general, some variability was observed in the data for SQ and IV

treatments. Such variability may result from a low absorption of the peptide

25  administered SQ and/or due to the range of expected experimental errors in [V
administration of drugs to mice, a small test animal. Therefore, we examined the

efficacy of intraperitoneal (IP) route of treatment. Six mice were infected

intraperitoneally (left side) with a lethal dose of MRSA (2-5x107 cfu/mouse). A

13 mg/kg bolus of the peptide was administered IP (right side) 45 min to an hour
30  after MRSA injection. All mice in the control group that received vehicle

without peptide died within 48 hours. However, 67% of mice that received the

peptide survived during the course of a seven-day study.
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characteristic of tightly hydrogen bonded 13-sheet-like structures (Table
11). The observed am de-A (NH stretch) frequencies support a tight network
of i nt er swibunioposbackbone hydrogen bondi ng. Quantitative nwaIirsezesss in 5
oriented DMPC |ipid multibilayers indicate that self-assenbl ed peptide
nanot ubes ar es¢podoedied at a 705 tilt angle fromthe nenbrane nornal. These
observati ons sugg®&stlowingeahiseénitihi deenamsitaionfofrie myp antbgpentakbefficacy, 6Fi gure 2).

Increa3|ng t he hydroph|I|C|ty of .th |.i e th ears to favor
a "surface- SB8RSHYY il BFRtides B‘H’"’t‘ﬁ/gﬁéiﬁ gﬁorlﬁa% ‘g% &ﬁ?atl on.
Table 11. ATBeEJﬂnEédd@ Dl\%”éhﬁfcb %}@M&&d%t@ma@aeée@ro'fmgmmeooept i de

nanot ubes in oriented lipid nmultibilayers. Cyclic Peptide Frequency cm
Pepti de Li pi a389)I(IP le8E@e).DEsD gronp demmeivirs tratedevi WbﬁﬁlAéIF’ (right side] Al |/

N7 328151, $aseef eplide SEQ NG G TP 967 TOe6RAsH N 54 650 1. 15
29 36 [ _RRKWMh. Thd hcdiv&BloBbdivédfot Op & 14 88ysaniiffide ih Mieddatrby W th

paral |l el polarized incident light 15 to the band intensity with the
per pendi cul agr%'@ltbﬁﬁlrﬁ@d"qdl‘@htde Withous peptiderdedwithin 48 hsfurs: Ha' eaelt ¢$38Gret ri ¢

CH2 stretche [ f | ecul ar
axis with reglﬁ)l ct tog{{}]le%gﬁmpg%?g a%%?ﬁg%ﬁephgﬁj&’?f%@g%cgﬂ cpln Et he angl es
of the pepti gtéatherious goagschftnhiee Fromi MR Shyidfeedand@igurbad, r24 25 rand 2and
pepti de nanotube t| It angl es are cal cul ated 20 accordi ng to methods
detail edl¥n Hablg12kimet "al., 120 J. Am Chem Soc. 4417- 24 (1998). DMPC:
di myri st oyl phosp'@ﬂbwmeé bR 1@15&0%%@/%5@9805% of VREFS@MIES W th

r evidence for

errors <2. Furthe acterla l'ul ar nmenbrane activity is
provi ded by 5257%I(Btlefione)i Eadographsf micehveasttesated witleabelds W (r‘rgh(:yldb) c

pepti des of the | ven r.e ATCC. 25 were treated
with cyclic H8%9 d’@ptl‘i‘i/gﬁg[@g%\[ﬁ\k? éaﬂ a?% éx%‘]ﬂﬁ’ta&eréﬂm? I8 %hper at ur e
and then prepgtgfce vele 6b|§ér'0ec§ firtiuQaye! &H i8N the EQREA RYouphthatradghiad
procedures. Figures 21-23 illustrate the nenbrane effécts caused by cyclic
pepti desls vehicle without peptide died within 48 hours. In each case, a single dose of the

appropriate amount of peptide was sufficient to completely protect various

groups of mice from VFEF infections (Figure 27, Table 12).

Table 12: In vivo Protection Doses (PDsg) and Lethal Doses (LDsg) of cyclic

20 peptides
Sequence® PDs (ng/ml) LDso(IP) (ug/ml)  LDso(IV) (ng/ml)
MRSA® VREF*

c[RRKWLWLW] 8 7 60 16
(SEQ ID NO:18)
c[KQRWLWLW] 7 - 55 >12
(SEQ ID NO:8)
c[KSKWLWLW] 20 5 >400 70
(SEQ ID NO:12)
¢[KKKWLWLW] 7 13 - -
(SEQ ID NO:17)

c[KKLWLW] 15 - 75 24

(SEQ ID NO:26)

2 Underlined letters represent D-residues. ° MRSA (ATCC 33591).° VREF (ATCC 51575). Male
Balb- C mice were used in groups of 8 (for MRSA) and 4 (for VREF and lethal doses).
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30 of the invention as observed using the electron mcroscope. Figure 21
provides a thin section electron mcroscopy inage of untreated S. aureus
(ATCC 259%8)02201503M0 02/ 090503 PCT/ US02/ 14329 1361. 009WOL pdirashzydsny a
normal intact nenbrane. Figures 22 and 23 provide thin section electron
m croscopy i mageswof S. aureus (ATCC 25923) after exposure to 2XMC
concentrations of ReyetlabkSHalaffevlive disesweierparpdie] orthosedequeiradde kill

vi sual i zatiop of .a nenbrane. e of ,actio Ar.1,0 de I 5
menbrane st r BRYEHEY vé’_é%f;‘Sﬁecbéfr)oaﬂﬁ’etgﬁgﬁiaigﬁse&é’cepflg?f%aﬁmgﬁ@gg m% g;aéridi cates
an anti-mcrobipgl a@f2é ¥ wixicR38%bfahinh a8t prétedtad FrofS. JPSRMARSAPer meat i on,
depol ari zation, and/or |lysis. Such evidence includes that the cyclic

pepti des act infestipndBDgR ) ywerw8 rigks, direg/bsed mg/kat 7 aiglks ged Ey1gke pept i de
structures described here show anti-m crobjal actiyvit that the cyclic
pepti des 10 EsReIRp avmplarlyithe desaass of@spida daving REQ ﬁ?m@éﬂé&n{iot al

reflectance (AIRVhEA 50YRERGRAE ARGRBYKCRE YRR, E(?Et&ﬁig(ryﬁatﬁ‘irﬁ%tio‘@d’b a

menbr ane perneatl on mechani sm of ‘action rath
receptor/lig gRUIAb&RE Hhipdit Il BhhPkE) espbBEIANTErend@BCkhtdRat el ectron
m cr oscopy rgggzl S anbggf elgity% t he C%Fi cgppeptiges of the invention on
menbr ane st r yglue i€ simildr tEXRTnd of theAVIIT valuey aisenled Aot ity anttih Vi vo.
Toxi col ogy Studies: Initial toxicology studies in mce were conducted to
eval uat e var pauigial stidiss, asrshavnydatieni3sP¢laYi on, maxi mum tol erabl e dose, and
bl ood ang,tissue toxicity. Two mce in each dose study were injected with a
20 bolus intravenous (IV), intraperitoneal (IP), or subcutaneous (SQ doses
of peptide SEQ Tablhl@38,Cdiftpardsval dfEffdetive Anvdunds lidy jtro woddor¥ivel ani nal s
received vehicle only and no peptide. Studies with peptide SEQ ID NO 8
indicate that bolus IV injections of 12 ng/ kg cause signs of tenporary
(<10 nin in duration) ImdV&t@nfort. In contrast Ambivg gns of toxicity were
observed at the naxi %WW/ ; e of
adm ni stration. Pepti de” | D 1 26 t ol er@@g ugi@ t he maxi mum
tested IP dosePGB@g‘?rg/ kMIC wi t MIGe hMHERest dodPseausiPy sddhseliRf acute
toxicity that were not(ugsb) vdbg/elaf t@gmhe howmekss grekef Bl toxicity
i ncl uded any one of the following: |ack of activity, red feet and tail, or
f aster breat hi nggRREepti dé SEQ | D NO 1850vas tested up td 30 1905 ng/ kg I P
and SQ doses WWh¥it any apparent signs of toxicity. A reginen
W]
(SEQ ID
NO:18)
c[KQR 12 12 40 7 - 55
WLWL
W]
(SEQID
NO:8)
c[KSK 5 15 100 20 5 >400
WLWL
W]
(SEQID
NO:12)
c[KKL 10 40 80 15 - 75
WLW]
(SEQID
NO:26)

These in vivo studies support the use of the cyclic peptides of the present
15 invention as anti-microbial agents, including use of agents in the treatment of
multiply drug-resistant Staphylococcus aureus, Enterococcus feacium and other

bacterial infections.
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of 17.5 ng per day of peptide SEQ ID NO 18 for three consecutive days was
adm nistered to two mce IP and two mce SQ Over four days, no apparent
102 WO 02W09059B0PCT/ US02/ 14329 1361. 009WOL changes in treTAlsyDi4sad ,
social, and feeding activities were observed in these mce relative to
control m ceidsnpwebed with vehicle w thout peptide. Mreover, hematol ogy,
necropsy and detailed m croscopi c exam nation of various tissue and organ

sanpl es performed on the fourth day after the initial injecti.gn showed 5
nornmal bl ood and %?W@é’%’é&’“ﬁ?ﬁ% ?]é@ll@ﬁ%’b?tlcfp&?al{’ﬁﬁrsg)‘i%e§h§‘fs | P and SQ

i nj ections (K& RAEPWMLIWL R Mnd RPcIBKSK WE. VBEW 1RR sniBesRefos Borthetdidlut ) . These
sites exhi bited nmoderate subacute infTanmation typical of IP and SQ drug
admi ni st rat i entibiptics\in homang drp peavedddan Tabkeddt s: Peptide SEQ ID NO 18 was
tested fo 10 antibacterial in vivo by observing whether this peptide
could protect mce from bacterial infection. Two groups of mce (4 mce

per dose in each group) viEige 14:nPR&FMAcOkMtRICSMpRASGsl Y (I eft side) with a
| et hal dose of J}BSAﬁ( ATCC 33591) (2-B5x107 cfi/ muse) To the first group

of mice, peptidePhErEkingiss sBRREWIVLYY] HKSHLWLERMY) Vanpgmyed)  Egyhepmyoining/ kg
wer e admi ni st er ed padBetrt aneousgusq SQ) i n MBust he uppdwmapneck cdppartnent soon
after MRSA injegl@y. TO the Sagond group o®y4 m ce, pi¥€ bol upspepti de
doses each 0 (vehicle only), 2.5, and 5 ng/kg were adm nistered

i ntravenously ( in 10 hour intervals wigh the fir series of doses

adm ni stered solc\)]%QLél{‘gFer VRSA i r(l)j%ecti on. Aloffﬁm' cein ?’%\é control groups that
recei ved vehicle wthout peptide (0 ng/kg doses) died within 48 hours. 20
However, at 40 ﬁg?/q%)g bol us SQ dofe and 2.9% 5 ng/ kg ¢ v dosagel'?r egi nen,
75% and 50% of m ce survived, respectively, during the course of a
fourteen-day s€Chéyl/mm) gure 28Y.161 n gener #30 sone vardPability was observed
in the data for SQ and IV treatnents. Such variability may result froma

| ow absorption ef@)he peptide 25 admi niste&xred SQ and/ or due te the range
of expected experinental errors in IV admnistration of drugs to mce, a

smal |l test a i— iminationrrate constant = Vi YStibt T,5— hal tfme; CL - tota i t oneal
(1P) route Ogé'grgn@@hpe%avaﬁbm%gé’q}@m\a@.raseﬁsrﬂb@&&ﬁaiine,lpm.td,aperl toneal ly (left
side) wth awhetbaher.8@ep1/0f SA (2-5x107 cfu/nouse). A 13 ng/ kg bol us of

t he peptigle was adm nistered IP (right side) 45 mn to an hour 30 after
MRSA injection. All mce in the control group that received vehicle
Example 5. Cyclic -Peptides Self-Assemble to Form

Transmembrane Ion Channels

The ion transport properties of tetrapeptides cyclo[(8-Trp)s] and

cyclo[(B-Trp-B-Leu),], synthesized via established protocols, were studied in
15  liposome-based assays and by single channel conductance measurements in

planar lipid membranes. The observed conductance in 500 mM KCI with

peptide concentrations of about 30 mM in the subphase is 56 pS, corresponding

to the rates of channel mediated K* transport of 1.9 x 10’ ions s™ for both

tetrapeptides. Such a transport speed is more than twice that of gramicidin A
20  under similar conditions.

FT-IR studies in lipid membranes were also undertaken that provided
evidence of transmembrane channels formed by these peptides. Peptide
preparations displayed all expected peptide IR signals including amide I, amide
IT and N-H bands. The observed amide N-H stretching bands at 3289 cm’™ and

25 3297 cm’ indicate the existence of tight backbone hydrogen-bonding networks
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w t hout peptide died within 48 hours. However, 67% of mce that received
the peptide survived during the course of a seven-day study. 103 WO

02/ 090503wb@z/0WB302/ 14329 1361. 009WOL Fol | owi ng thi s i nitiraiT/whepwese r ati on
of in vivo antibacterial efficacy, a larger study with peptides havi ng SEQ
ID NO 8, 12j36lobpwd8, and 26 was perfornmed. G oups of mce were infected
with lethal dohes wérayRiter(AbOGt d38N6AY 4.8 R thef 4re sbukistent Bathsodidoup of ni ce
was treated with a bolus | P right %;de% 5 ?ose OE Eepthge SE%IIDF«) 8,
12, 17, 18, s8iatedB defa amexsdiod. d-gmeptidesn Ihprgfore; qyelie fingRtidepifan Mlste wer e
observed for ¢yn 4O AEndd¥s iofbhanibice i N the control group that received
vehicle without peptide died wthin 48 hours. In each case, a single dose
of the appropri at Allgpublinatianf apé patente awascapétatediboneferance baysisiel y  pr ot ect

various groups of.m.ce fram MRSA infections igures 6, 24. 25. and 26; 10
Tabl e 12)§. cﬁlﬁ’ﬂ%’% inghvifipaly hketRotaied Yirﬁ#e&eé‘f’%d(fgi (E]’H'ePté%‘éan&B‘?éSd & VREF
(ATCC  51575)he(dxBet! dtdils Shéten andE@ssbrigd0 & inshollidC: WRSrstdodah@dnamyt h a bol us
P (right side) dose of peptide SEQ ID NO 12, 17, or 18 at 45-60 mn
after initiabaratfoasepdmodifitagonsimaebemade whideropmining vithin dgypirit A nice in
t he control gro%Bflh@%vé'n‘?i%ﬁidgﬁxgedl%tﬁ?@{aﬁaln%n‘@thOUt peptide died within 48
hours. In eaCh'case, a single dose o e appropriate anount of peptide
was sufficient to conpletely protect various groups of mce from VFEF
infections (Figure 27, Table 12). Table 12: In vivo Protection Doses (PD50)
and Let h¥? Doses (LD50) of cyclic 20 peptides Sequences PD50 (g/m)
LDso(IP) (g/m) LD50(IV) (.tg/m) MRSAb VREF c[_RRKW.WW 8 7 60 16 (SEQ
I D NO 18) c[ KRRWWW 7 - 55 >12 (SEQ ID NO 8) c[ KSKWW.W 20 5 >400 70
(SEQ ID N0 12) c[ KKKWLW.W 7 13 - - (SEQ ID NO 17) c[KKLWW 15 - 75 24
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(SEQ ID NO 26) b 'Underlined letters represent D-residues. MRSA (ATCC
33591).  VREF (ATCC 51575). Male Balb- C mce were used in groups of 8
(for NMRSAyvoan@9esof f or VREF and | et hal doses). 104 WO 02/ 09Q30502/14329

PCT/ US02/ 14329 1361. 009WOL Remar kably, the effective doses were parall el
to those requist.eewbo kill bacteria in vitro. Specifically, the dosages of
pepti des haviWwHASHS CDAIMEB; 8, 12, 17, and 26 at which 50% of ani nmals

are protected fro . aureus MRSA ..nfection (PD50 re 8 nmalkg, 7 ngl/kg,
20 my/ kg, 7 ng/ kg,m ;i}qgniq§uﬂﬁqllg§§np351|nggg0é&efl\yg(S),r_prg\)/erﬁ\{\lﬁglag@lf@hag dosages of
peptides havi ng SEgd{anad Gninde? céMprisidd a?haﬁﬁh’c@ﬁic@ﬁ%&éﬁep&'ﬁldﬁﬂﬁerar e
protected fromE. faecium VREF infection (PD_ 50) were 7 ng/kg, 5 ng/kg and

13 g/ kg, respect Ak gyclittpsptideaying 2 sqquerce of dlogefHurr to showt PileeRo the trend

f the M | b d far in vitro.anti- b i al dj es, h
by Tabl ¢ 13, bel ofcri b wd ot Ao R St RIS TR Ut

and I'n Vivo | n VpidhendsaidMhebRSMs MR a @%&tMﬁ%bWEF anRepli @R MC M C M C
PD50 PD50 LD50(ip (g/m,) (pg/m.) (pg/nm) mg/ kg mg/ kg ng/ kg c[ RRK 6 5 50

8 760 WW W (8SE®alD NO18) c[KQR 12 12 40 7 - 55 WW W (SEQ ID
NO: 8) c¢[KSK 5 15 100 20 5 >400 WW

2. The pharmaceutical composition of claim 1, wherein the cyclic peptide
10 has a minimum inhibitory concentration at which substantially no target
microbial organisms grow in vitro that is less than about one half the
peptide concentration needed to cause 50% hemolysis of mammalian red

blood cells in vitro.

15 3. The pharmaceutical composition of claim 1, wherein the cyclic peptide
has a minimum inhibitory concentration at which substantially no target
microbial organisms grow in vitro that is less than one fifth the peptide
concentration needed to cause 50% hemolysis of mammalian red blood
cells in vitro.

20

4. The pharmaceutical composition of claim 1, wherein the cyclic peptide
has a minimum inhibitory concentration at which substantially no target
microbial organisms grow in vitro that is less than one tenth the peptide
concentration needed to cause 50% hemolysis of mammalian red blood

25 cells in vitro.

5. The pharmaceutical composition of claim 1, wherein the cyclic peptide
has a minimum inhibitory concentration at which substantially no target
microbial organisms grow in vitro that is less than one twentieth the

30 peptide concentration needed to cause 50% hemolysis of mammalian red

blood cells in vitro.
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W (SEQID NGO 12) c[KKL 10 40 80 15 - 75 WW (SEQ ID NGO 26) These in
vivo studies support the use of the cyclic peptides of the present 15

i nvent i onwa2amisn3 m cr obi al agents, including use of agentPETIUS0L/S29
treatment of multiply drug-resistant Staphyl ococcus aureus,

Ent er ococcustimasiywon and ot her bacterial infections. 105 WO 02/ 090503

PCT/ US02/ 14329 1361. 009WO1 Phar macoki neti ¢ St udi es: Pharnacoki netic

t f i de | of RRKWMLW. and .cycl of KSKW. i.n ni d
For “commer ci 81 aRbr BrOTIACATeR! FERAMLIOREE CHEs HEEFA BT A HANCS Tobl o 14,
Phar macoki neti ¢ Comnas sitRAR!HATNARITRGAKYA8bT SamhBRRSNEA Mbos EBHVLIMIN

Vanconyci na Erythromycin Paraneter use Mouse Human Human Kel(l/h) 0.6
0.84 0.12 0.58 VD (L/kg) 0.58 0.67 0.47 Ti112 (h) 1.20 0.83 6 1.2 CL

L/ mi .16 0.30,66,- Flp (% 9 32.. . el Lpinat] Y ,
\(/ol u?er%fg) di gt ri b&%‘?%i‘mﬁig‘ﬁ&? %03?‘%0%1“|°Pé’|§t"?a%rnéﬁ’@er-%ﬁ{ %‘gg"l’rrggtf: 1850?’3%2? Fl :)/D-

bi oavail abi l ity VofahRnf 84tgeamabsitive baddervirt oBa graneneghlivebacterium.
www. boorrer . org/c/ pl/ 10 Exanple 5. Cyclic fl-Peptides Self-Assenble to Form
Transmenbrane |1 on Channels The ion transport properties of tetrapeptides

cyclo[ (j -Trp)4] %}l‘ﬁ,' <Rl Bl Ukh 1. ShBiNesi 268 Miatgst abl i shed
prot ocol s, vvg'r e s?ﬂgpg I ﬁgl[t%ﬁﬂ ossomg- basa?a% éssafg?glﬁ§9gl§/c 15se?nlg e channel
conduct ance neasuséfmssesbles into a supramolecular structure that is more disruptive of

10 cellular membranes of the target microbial organism than of animal cell

membranes.

9. The pharmaceutical composition of claim 8, wherein the supramolecular
structure comprises a nanotube, a barrel of associated, axially parallel

15 nanotubes, a carpet of associated nanotubes, or mixtures thereof.

10.  The pharmaceutical composition of claim 8, wherein the supramolecular
structure induces depolarization of the target microbial organism
selectively over membrane depolarization of animal cells.

20

11.  The pharmaceutical composition of claim 8, wherein the supramolecular

structure induces lysis of the target microbial organism selectively over

animal cell lysis.

25 12.  The pharmaceutical composition of claim 1, wherein the cyclic peptide
comprises a plurality of amino acids having side chains with affinity for

biomolecules integral to membranes of the target microbial organism.

13.  The pharmaceutical composition of claim 1, wherein the effective
30 amount is an amount of the cyclic peptide sufficient to induce lysis of
target microbial organisms without undesired toxicity against animal

cells.
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pl anar |ipid nmenbranes. The observed conductance in 500 nM KC1 with

pepti de concentrations of about 30 mMMin the subphase is 56 pS,
corresporaong/9tsed t he rates of channel nedi ated K+ transpaect/usb2/143%9 x 107
ions s-1 for both tetrapeptides. Such a transport speed is nore than tw ce
t hat of gramimi.dwwoA 20 under simlar conditions. FT-IR studies in lipid
menbr anes were al so undertaken that provided evidence of transnenbrane
channel s forned by, these peptides. Peptide. .preparations_displayed all
expect ed pep{ir?de ﬁﬁegﬁwg‘ﬁ}cﬁ&%%@%&ﬁ ﬁglrﬁ,l’gﬁf"&é“ t?’IeIeﬁgﬁtb‘%l\l-H bands. The
observed am de N-EhghhghGiticdoutienesiipho BERSlysiof hatishiAn réPBlbog tells i ndi cat e
the exi stence of tight backbone hydrogen-bondi ng networks 106 WO 02/ 090503

PCT/ US02/ 14329 1386%@09W0OL wi th an average inter-subunit distance of 4.8 A
that are gonsistent with solid state IR data on cyclic D, L-a-peptides.
Therefore; cyclic O-peptides can also formtransnmenbrane ion channels. All
publicationsigand patphirhaséRicaledigsitvhed chymrehbeeichekeeaive, as 5 though
i ndividually incorporated by reference. The invention is not limted to
the exact detail saglunis asmalidast§bed, for it shoul d be understood that
many variations and nodifications nay be made while remaining within the
spirit and scope of the invention defined by the statenents. 10 107 WO
02/ 090503 PCT6USO0Zhéd #Bathacdidfchl DSNEIioMdATIaiB 1CIvAENeE he tycli piptideraceut i cal
conposition for treating or preventing a m.crobial infection in an aninal
conprisi Ay a phar H&%@d?qsb%qul%fd%é)ﬁtLaaglFléoég rier and a cyclic peptide

havi ng a sequence of from four to about sixteen 5 alternating D- and
L-a-ami no acids in an anount effective to treat or prevent said infection
caused by a flar gefThepbaroacaiticel gpampositionrof shird 1, whenesd the 2yclidpeptide

pharmaceutical cogposition of claiml, wherein the cyclic peptide 10 has a
M ni num i nhi bitor %‘?)tﬂ%aéh&foa??lﬁrﬂa'a? LGTRER a%@ﬁ'st antially no target

m crobial organisms growin vitro that is |ess than about one half the

15 18.  The pharmaceutical composition of claim 1, wherein the cyclic peptide

has at least three polar D- or L-amino acids.

19.  The pharmaceutical composition of claim 1, wherein the cyclic peptide
has four to six polar D- or L-amino acids.
20
20.  The pharmaceutical composition of any one of claims 17, 18 and 19,
wherein each polar D- or L-amino acid is adjacent to at least one other

polar D- or L-amino acid.

25 21.  The pharmaceutical composition of any one of claims 16, 17, 18 and 19,
wherein at least one polar D- or L-amino acid is adjacent only to nonpolar

D- or L-amino acids.
22.  The pharmaceutical composition any one of claims 16, 17, 18 and 19,

30 wherein each polar D- or L-amino acid is a D- or L-enantiomer of

cysteine, homocysteine, serine, threonine, asparagine, glutamine, aspartic
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pepti de concentration needed to cause 50% henol ysis of mammalian red bl ood
cells in vitro. 15 3. The pharmaceutical conposition of claiml, wherein

t he cycliwopeppisde has a m ni mum i nhi bitory concentrati orCatuSofri43h9
substantially no target mcrobial organisns growin vitro that is |ess

t han one fifuds1bdowopepti de concentrati on needed to cause 50% henol ysi s of
manmmal i an red bl oadid, gletansc acidyhistidne, 2€gidine, Tisinghydrmgbsine®al conposition
of claim1, wherein '&ﬁhr? cyclic peptide has a mninmminhibitory
concentration at %Substantially no target microbial organisns growin
vitro that is less than one tenth the peptide concentration needed to
cause 50% henol ysis of manmmalian red blood 25 cells in vitro. 5. The

phar maceut i c@B. corfpeshaimascwicattampasitiongisiand , wherepy ticicocleppiide  has a

m i mum i hi bi tor%a&&ﬂ%asP%{lealtoh{ abl%'q}‘é’ﬁh%%ﬁ&?&&a”“ ally no target

m cr obi al “ or gani sis” gr oW ess than one twentieth the 30
pepti de concentration needed to cause 50% henol ysis of mammalian red bl ood
cells in vitro. 108 WD 02/090503 PCT/ US02/ 14329 1361.009W01 6. The

phar maceut i caf corfpephtmasewicateampasitiong stasm, Wi‘éreél}/melcddﬁéﬁﬂ??lé% causes

substantially no hemlysi ?‘V@{"nl’%@ﬁ'fﬁﬂﬁfg% bliged cells in vitro. 5 7. The

phar maceuti cal conposition o rein the target mcrobial
organismis a gram posi tive bacteriumor a gram negative bacterium 8. The

phar maceuti c t|on of Ia|m e i c pepti.de

sel f - assiﬁt)rb gé i nt %‘Hfﬁ’ﬁ‘ﬁtﬂa %%’il%ﬂm?tn 6 g Wﬁfelrklﬁleﬁﬁ?lg“&pgaﬁpti ve of
10 cel lul ar rrenbr%@ﬁ 164st tHh&: bA1ZIAE DObET AR a@dgani sm than of ani mal cel |
menbranes. 9. The pharnaceuti cal conposition of claim8, wherein the

supranol ecul ar structure conprises a nanotube, a barrel of associ ated,

iall | el t ubes f t ed ot b
m xtur bs- thotor . 1R PRE BAPHERGRE o T elifRds e B (BT PPBYC wher ei

the supranol ecul ahas ﬁ)Tquﬁ&M&nia'BMQﬁLdﬁﬂﬁb%idzatI on of the target
m crobi al organism selectively over nmenbrane depol ari zati on of ani nmal

cells.
27.  The pharmaceutical composition of any one of claims 24, 25 or 26,

wherein each ionizable D- or L-amino acid is adjacent to at least one other

polar D- or L-amino acid.

20  28. The pharmaceutical composition of any one of claims 23, 24, 25 or 26,
wherein at least one ionizable D- or L-amino acid is adjacent only to

nonpolar D- or L-amino acids.

29, The pharmaceutical composition of any one of claims 23, 24, 25 or 26,
25 wherein each ionizable D- or L-amino acid is arginine, aspartic acid,

glutamic acid, histidine, lysine, hydroxylysine or ornithine.

30.  The pharmaceutical composition of claim 1, wherein the cyclic peptide
has at least one nonpolar D- or L-amino acid residue.
30
31.  The pharmaceutical composition of claim 1, wherein the cyclic peptide

has two to fifteen nonpolar D- or L-amino acid residues.
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20 11. The pharnaceutical conposition of claim8, wherein the

supranol ecul ar structure induces lysis of the target m crobial organism
sel ecti vewg oowerso3 ani mal cell lysis. 25 12. The phar naceutPicaalSozo43posi ti on
of claim1, wherein the cyclic peptide conprises a plurality of am no

aci ds havi ngisi.aswolnai ns with affinity for bionolecules integral to
menbranes of the target m crobial organism 13. The pharnaceuti cal

conposition claim wherein the effectjve 30 agnount i s an anount of the
cyclic pepti gé su%?@_%@mac?‘&wlaﬂ sﬁy’gio ck’fm 356??3&“’ TEMSBFAl  or gani sns

Wi t hout undesi r ed nbfBd1& B-Yor 2AAiNS hcidResidle is GRhinS; vag, fefAn890503

PCT/ US02/ 14329 1361. 009WOL 14. The pharmaceutical conposition of claiml,

wher ei n t he ef f ecldugime, mathioning, peleusines pivsiytataniag, tyrosioe AewtgRhag. of
manmal i an.red blood cells in vitro. 5 15. The pharnmaceutical conposition
of clain1i, wherein the effective anount is a single dosage. 16. The
phar maceut i c3B. compsigirihentiodl compbsitidn forheagngor frevay@kiacnipeplidlde 10 has
at | east one polar D or L-amino acid., 17._ The pharmaceutical conposition
of claim1, wherefHe¢tifd ipga@ENEN3)EHNPHENS ﬁaéa@tacwﬁilyampﬁ@f%@“@r or

L-am no acids. 15 m% Ik [ wherein
the cyclic pepti dféu]r gﬁggagztﬁpggst‘ t %g&ﬂggﬁ%@%ﬁb%r&{j@%&?ﬁ%@%ﬁgF 19. The
phar maceuti cal coppaginbiaoils o aichaount Effestherteitreat dreprevent said pfgdtiode has f our
to six polar D or L-amno acids. 20 20. The pharmnmaceutical conposition of
any one & cl ai nscaused by ajgrgetmyicrobiH organisnp HeRIGYIRAL D- or L-amino acid is
adj acent to at |least one other polar DO or L-amno acid. 25 21. The
pharmaceutical conposition of any one of clains 16, 17, 18 and 19, wherein
at | east one3pol aA phar@acdutiaaticompasition s tediigrentreomiting aonombpdl ar D- or
L- am no aci ds. . .. . . : .

infection in an animal comprising a pharmaceutically acceptable carrier

and a cyclic peptide having a sequence of about eight alternating D- and

15 L-a-amino acids in an amount effective to treat or prevent said infection

caused by a target microbial organism in said animal.

35. The pharmaceutical composition of any one of claims 1, 33 or 34,
wherein the cyclic peptide has an amino acid sequence of formula I:
20
[(Yl)p‘(X1)m'(YZ)p'(XZ)p'(Y3)p'(XS)p'(Y4)p‘(X4)p'(Y5)p'(XS)P :I

(Xi0)p=(Y10)p-(X0)p-(Y0)p-(Xs)p-(Y8)p-(X7)p-(Y 7)p~(Xe)p(Yo)p
I
25 wherein:
m is an integer ranging from 1 to 7, '
each p is separately an integer ranging from 0 to 7;
each X, X, X3, X4, X5, X6, X7, X3, X9, and X is separately a
polar D- or L-a-amino acid; and
30 each Yy, Y, Y3, Ys, Ys, Ye, Y7, Ys, Yo, and Y is separately
nonpolar D- or L-a-amino acid; and
wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-& amino acids.
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22. The pharmaceutical conposition any one of clains 16, 17, 18 and 19, 30
wherein each polar D or L-amno acid is a D- or L-enantioner of cysteine,
honocyst ewoe2/03@03 ne, threoni ne, asparagi ne, glutam ne, apartsozidi® WO

02/ 090503 PCT/ US02/ 14329 1361.009W0OL acid, glutam c acid, histidine,

argi ni ne, | ygieneowWpydr oxyl ysine or ornithine. 23. The pharnaceuti cal
conposition of claim1, wherein the cyclic peptide 5 has at |east one

ioni zable D ,or L:am no acid. 24. The. pharpmaceutical  c 0Sit | .of claim
1, wherein tﬁg cyﬁf’gﬂffg&ciﬁ%@ag?f’é@poﬁl eogg[a%flabgé 85#%’3%? cl tﬁeo&a}_lgam no
acids. 10 25. Thepphatcras abhing® act@sg@endeiodforpfulgiai m 1, wherein the cyclic
peptide has at |east three ionizable D or L-am no acids. 26. The
pharmaceutical conposition of claiml, wherein the cyclic peptide has four
to six iofi zabl e—B-Xy -L-289)i,no(BY dsL- YD) 27(L-Khe ¥y )npc@uli;cad-Xonpysi ti on
of any one of cle‘;i nms 24, 25 or 26, wherein each ionizable D or L’jgjr)'i no
acid is adjacent| to at | east one other polar D’ or L-amino acid. 20128.
The pharnaceuti cal conposition of anﬁl e of ¢lains 23, 24, 25 26,
wherein at | east—@heY s oRrYabp e(BXor '2873m'r(9' 6i-d--¥s) adj(Bc¥nt Dogqrs} fo
nonpol ar D- or L-amino acids. 29. The pharnmaceutical conposition of any one
of claingy23, 24, 25 or 26, 25 wherein each ionizable D- or L-am no acid
is arginine, aspartic acid, glutam cyacid, histidine, |ysine,

hydr oxyl ysi ne or om thine. 30. The phé maceuti cal conposition of claim1,
wherein the cyclic peptide has at |east one nonpolar D or L-am no acid
resi due. 30 31. TH&eriEr maceuti cal conposition of claimi1, wherein the

O1E g BePb e s ARl %, e, 2L, 05 v
conposi ti®n of clai m 3@adhrp Bkeparelyeininegeranging from 0 to 7;
each X, X3, X3, X4, X5, Xe, X7, and Xy is separately a polar D- or
L-a-amino acid;
each Yi, Y2, Y3, Y4, Ys, Y, Yo, and Ys is separately nonpolar D-
or L-a-amino acid; and
20 wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-o amino acids.

37.  The pharmaceutical composition any one of claims 1, 33 or 34, wherein

the cyclic peptide has an amino acid sequence having having formula III:

25
[ (X1)p'(XZ)p'(X3)p‘(X4)m'(Xs)p'(XG)p'(X7)p'(X8)p'(X9)p'(XlO)p
(Ylo)p-(Yg)p'-(Ys)p-(Y7)p-(Y6)p-(Ys)p-(Y4)p-(Y3)p-(Yz>p-(Yl)r:l
111
30 wherein:

m is an integer ranging from 1 to 7; ‘
each p is separately an integer ranging from 0 to 7;
each Xl, Xz, X3, X4, X5, X6, X7, Xg, Xg, and X10 18 separately a

polar D- or L-a-amino acid;
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nonpolar D- or L-amno acid residue is alanine, valine, isoleucine,

| euci ne, nethionine, norleucine, phenylalanine, tyrosine or tryptophan. 5
33. A phawoweswutsizal conposition for treating or preventi mgraset/ct3ebi al
infection in an animal conprising a pharnaceutically acceptable carrier
and a cyclicipeppwde havi ng a sequence of about six alternating D and L-
a-am no acids in an ameachtYefY.e¥t,i Ye Yb0Y4 Yeals,0f, pne¥Vens semratelynf ect i on 10
caused by a target mcrobial organismin said ani r’rgll . 34. A pharnmaceuti cal
conposition for treating or nB?%‘g@rR'ioﬁé'oéarm@ra(%ﬁé‘P infection in an ani mal
conprising a phar \aeRys tHealytlc feptidphaddeved mithBer o 26 Fow6 labsutpept i de
havi ng a sequence of about eight alternating D- and 15 L-a-amno acids in
an anount eff ecti vixteeo altp@atingp- Piddveamingadds nf ecti on caused by a target
m crobi al corganismin said animal. 35. The pharmaceutical conposition of
any one o? clainms 1, 33 or 34, wherein the cyclic peptide has an am no
aci d sequencegof ThephirhaceuticdDedmfigsiioiXny one of claims 1, 33 or 34, wherein

1) m (Y2) p- (X2) p- (¥3) P- (X3) p- (Y4) p- (X&) b (¥5) p- (X5kp C (X1 Qp- (Y
10) P- ( X9) P- (Y9) p" thesyvsli¢ meptisle s paipipp)aeld sggygnce ¢6 ygrmuja B ein: inis
an integer ranging from1l to 7; each p is separately an integer ranging
from0O to 7; each X1, X2, X3, X4, X5, X6, X7, X8, X9, and X10 is separately
a polar D or L-a-am meXgcH (L-XandD3X;)kaqh-Y1-DYY;) Y3L-Y4, Y5, IVa, Y7, Y8,
Y9, and Y30 is separatelﬁ nonpolar D- or L-a-am no aci|d; and wherein the
cyclic peptide has an ev Si xt een
alternating D and L-a am no acids. 112 WO 02/ 090503 PCT/ US02/ 14329

1361. 009WO1 36. The pharnaceuti cal copposition of claim1, 33 or 34,

wherein the cyclic peptide has an am no acid sequence of fornmula Il: 5 F
(DX1 -L-X2) m- (DYL - L-Y2) p- (L-X3 - DX4) p - (L-Y3 - DY4)
L- 1—(D-X2-L- 3)n-(D-Y1 -L-Yz)m-D-Y3 IVb
15
wherein:

n is an integer ranging from 0 to 4;
m is an integer ranging from 1 to 7;
20 X1, X, and X3 are each a separate a polar amino acid;
Y, Y, and Y3 are each a separate nonpolar amino acid; and
wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-o amino acids.

25 39.  The pharmaceutical composition of claim 1, 33 or 34, wherein the cyclic

peptide has an amino acid sequence of formula Va or Va:

D-X, -L-X; - (D-Y - L-\Tz)q or L—i(l -D-X; - (L-Y, -

D-Y3)q |
30
Va Vb
wherein:
q is an integer ranging from 2 to 7,
35 X and X; are separately polar amino acids;
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P -(L-Y8 - DY7) p- (DX8 -L-X7) p- (DY6 - L-Y5) p - (L-X6 - DX5) P
10 I'l wherein: inis an integer ranging from1l1l to 7; 15 each p is

separ at el woan/opesbeger ranging fromO to 7; each X1, X2, XPCTNHBO2/KB29 X6, X7,
and X8 is separately a polar D or L-a-amno acid; each Y1, Y2, Y3, Y4,
Y5, Y6, Y7, awdooy®ois separately nonpolar D or L-a-am no acid; and 20
wher ei n the cyclic peptyllquhq%r@&pgﬁé%mﬁraﬁﬁncfgcgd{@ four to about
sixteen alternating D and L-a am no acids. 37. The pharnaceuti cal
conposition any one of clains 1, 33 or 34, wherein the cyclic peptide has
an am no aci d0seqbacempesttiorgofdaiimy wWheremikize donipositias cpmb)ipeS(@(Z) P

(X3)P-(X4)m(X5)p XG% -(X7) P (XB),P_.(X9) XIOPCY =Y -Y -Y -Y -Y -Y
SY S(Y 10~p ~ i %Of(tw?)% lorgd ﬁeﬂerg)ciﬂ"lc%}’kdes 3)p ~ 2~p 1) 11l 30
wherein: §n is an integer ranging from1l to 7; each p is separately an

integer ranging fromO to 7; each X1, X2, X3, X4, X5, X6, X7, X8, X9, and
X10 is separ dlel yThe pb@mpetmcabqonmoau@mqﬂélaamldwhmm he20BNDEN%03

PCT/ US02/ 14329 1361 009WOL eac Y; Y N4 Y 8,~ Y9, and
Y10 is separat el y SSHERGSCAPTESS %nry (f]_ﬁeé)}%r]%%]g) %chﬁ%r % g%nl%ér%? r%b/t‘he cyclic

peptide has an evap, alebes7, 68, T2-PMeH0ss, 87B%RDDYS, 10, 102a07al Lignhat i ng D-
and L-a anmino acids, 5 38. The pharmaceutical conposition any one of clains
1, 33 or 34, wheréi$h 1250r 139.

10
42. A pharmaceutical composition for treating or preventing a microbial
infection in an animal comprising a pharmaceutically acceptable carrier
and a cyclic peptide having a homochiral sequence of from three to about
ten B-amino acids, wherein at least one 3-amino acid has at least one
15 polar side chain, in an amount effective to treat or prevent said infection

caused by a target microbial organism in said animal.

43.  The pharmaceutical composition of claim 42, wherein the cyclic peptide
has a minimum inhibitory concentration at which substantially no target
20 microbial organisms grow in vitro that is from about less than one
twentieth to less than one half of the peptide concentration needed to

cause 50% hemolysis of mammalian red blood cells in vitro.

44.  The pharmaceutical composition of claim 42, wherein the cyclic peptide

25 causes substantially no hemolysis of mammalian red blood cells in vitro.

45.  The pharmaceutical composition of claim 42, wherein the target
microbial organism is a gram-positive bacterium or a gram-negative
bacterium.

30
46.  The pharmaceutical composition of claim 42, wherein the cyclic peptide

self-assembles into a supramolecular structure more disruptive of the
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the cyclic peptide has an am no acid sequence of fornmula IVa or IVb: DA 1
- (L-X2 - DX3)" - (L-Y1 -DY2)m- L-Y3 Iva 10 or L-11 - (D X2 - L-X3" -
(DYl -L-wD)oaio9osi3i 3 1Vb 15 wherein: n is an integer raagiusg2zi4aemO to
4; inis an integer ranging froml to 7; 20 X1, X2 and X3 are each a
Separate a podeanoswoino acid; Y1, Y2 and Y3 are each a separate nonpol ar

am no acid; and weerteanestofithedyupet miquetpeli adgarhsns tham cfasimalgabber of from four
to about sixteen alternating D0 and L-a ami no acids. 25 39. The

phar maceut i cal coMPFBU#I%Sn of claim 1, 33 or 34, wherein the cyclic
pepti de has an am no acid sequence of fornmula Va or Va: D i 1 -L-X2 -
(D-Y1L - L-Y] 2)gor L1- DX2- (L-YI D 2)gq 30 Va Vb wherein: g is an

i nt eger rangig f AbepRampcguticabeorapasiionyes claim 46eyyherginethy syypmplesiaho aci ds;
114 WD 02£090503 P 02/ 14329 0 2 ately
nonpol ar gm’ no acf%';sré.tﬁ%gé:.o nlpﬁlgesc%rﬁ%nggfote i %%%%Og%sggé}ngfx’ %/ﬁgelﬁ,elfa Eﬁfege

conposi ti on conpr ng@sulies, Atarpétrof asdociatd mnotabese odinfifiefes miieresfcl i ¢ pepti des.
5 41. The pharnaceutical conposition of claim1, wherein the am no acid
sequence conprises any one of SEQID NO 8, 9, 12, 17, 18, 26, 29, 47- 52,

61, 63, 67, gg’ 45 %’h%\%hﬁ%ﬂl’celﬁﬁyal &%n;fb%itio%:'o'f%ﬁdim 480w nd Qi thd Qgpraﬂ-lgafkcuﬂul 2, 119,

125 or 139. 1 pharmaceuti c conposition for treating or preventing

a m crobial structure induces depolarization of membranes of the target microbial
10 organisms selectively over animal cell membrane depolarization.
49.  The pharmaceutical composition of claim 46, wherein the supramolecular

structure induces lysis of target microbial organisms selectively over
animal cell lysis.
15
50.  The pharmaceutical composition of claim 42, wherein the effective
amount is an amount of the cyclic peptide sufficient to induce lysis of
target microbial organisms without inducing an undesired amount of
lysis of animal cells.
20
51.  The pharmaceutical composition of claim 42, wherein the effective

amount induces substantially no hemolysis of red blood cells in vitro.

52.  The pharmaceutical composition of claim 42, wherein the cyclic peptide
25 has at least one polar side chain and at least one non-polar side chain on

adjacent B amino acids.

53.  The pharmaceutical composition of claim 42, wherein the cyclic peptide
has at least two polar side chains.
30
54.  The pharmaceutical composition of claim 42, wherein the cyclic peptide

has at least three polar side chains.
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infection in an aninmal conprising a pharnmaceutically acceptable carrier
and a cyclic peptide having a honochiral sequence of fromthree to about
ten (3-amvoozagisds, wherein at | east one R-ami no acid has patr/useasts2one 15
pol ar side chain, in an anpunt effective to treat or prevent said infection
caused by a tmrgetvom crobial organismin said animal. 43. The

phar maceuti cal conposition of claim42, wherein the cyclic peptide has a
m ni mum i nhi bi_t or cogcent ratl n at whi CE fubs i al I no 1t ar gga

mi crobi al orgdanis %HV%?PU? GOFRATHIOn;© aH ﬂ?"ﬁ & &YFIFAPO

twentieth to Iesshggwgurwﬁ:\,g@ﬁrsmeghlaﬁlspept| de concentration needed to
cause 50% henol ysis of manmalian red blood cells in vitro. 44. The

phar maceutical conpositi on of claim42, wherein the cyclic peptl de 25
causes su tia fi r | o vitro.
35 The phar flceut AN TEAERSE Sufts TR 32! el ofle el

m crobi al OrganlthsalamgéﬁmbﬁQSMEsubcbanter|un1or a gran}negat|ve
bacterium 30 46. The pharmaceutical conposition of claim42, wherein the
cyclic peptide self-assenbles into a supranol ecular structure nore

di sruptive of,the 143 aenbr anes
of the targe% m chgég’ﬁ‘i'%@Fg‘g%?gm gﬁ%f léz?%%ﬁa? %ﬁfreméng e Fl@ﬁl The
pharmaceuti cal cohpostilédsotwoionizhblie sidéGhaimber ei n t he supram)l ecular 5
structure conprises a nanotube, a barrel of associated, axially parallel
nanot ubes0 a carpet of associ ated nanotubes, or m xtures thereof. 48. The
pharmaceuticgg Comeﬁhamﬁeelﬁfcapéo@«wsﬂ@n OMRBRRIA. HhEeRHBE apalcqseptiad
structure induces depol ari zation of menbranes of the target m crobial 10
organi sns sel ect i hed at leasethremionabble eide chainbr ane depol ari zation. 49. The
phar maceuti cal conposition of claim46, wherein the supranol ecul ar
structure induces lysis of target m crobial organisnms selectively over

ani mal cel | kysi s Thdph&thacdliRaPMpRERMIIICRiImMAQRESHetH BB cOdlicGleptide 42,

wherein the effective anopunt is an anount of the cyclic peptide suffl ci ent
to induc&S|ysis ohas fourto five ionizable side chains.

60. The pharmaceutical composition of claim 42, wherein the cyclic peptide

has at least one nonpolar side chain.

20 61.  The pharmaceutical composition of claim 42, wherein the cyclic peptide

has two to nine nonpolar side chains.

62. The pharmaceutical composition of claim 42, wherein the cyclic B;

peptide has an amino acid sequence of formula IV:

25
I:(ZI)Q'(ZZ)q‘(ZI)q'(Z2)q‘(Zl)q'(ZZ)q'(Zl)q'(Zz)q'(Zl)q'(zz)q]
(Z2)q(Z2)q(Z2)q-(Z1)q-(22)q(Z1)q"(Z2)g(Z1)q~(Z2)q~(Z1)g
v
30

wherein:
each q is separately an integer ranging from 0 to 7;

each Zl, Z3, Z5, Z7, Zg, Z”, 213, Z]s, 217, and Z]g is separately a
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target mcrobial organisnms w thout inducing an undesired anount of |ysis
of animal cells. 20 51. The pharnmaceutical conposition of claim42, wherein
t he ef f ecwowe/n9@n®dunt i nduces substantially no henol ysis ecCTrnesd2/idzend cel | s
invitro. 52. The pharmaceutical conposition of claim42, wherein the
cyclic peptids1.®@wbas at | east one polar side chain and at | east one
non-pol ar side chain on adnanestbs(ititeai-anincicits. 53. The phar naceuti cal

conposition of claim42, erein the cyclic peptide as at |east two polar
side chains. 30 54. Thé&?® %agéu%ﬁ’ # ? zﬁ‘ogi% tn 25t @I‘%?%agge,qyﬁher ein the

cyclic peptide has at |east:thiRG-RBlAMinshd]: Glpi ns. 116 WO 02/ 090503
R Usob! 14526 1381 00ower Cisubéilifie Eharlﬁaceutlcm conposi tion of claim 42,

wherein the cycli ehesix ihdeycliaB-peptide Hao afseyinpod Bfromithiee echabousten5 56. The
phar maceutical conposition of claima42, wherein the cyclic peptide has at
| east oneSi oni zabhemethirel Sramino asids, andavhsren pleesirne Bramipapoidigs an of clai m
42, wherein the c¥clg C_pepti %%chgi‘%s at least two ionizable side chains. 10
58. The pharnmaceu R & ﬁ%&l t1on of claim42, wherein the cyclic peptide
has at | east three ionizable side chains. 59. The pharnaceuti cal
conposition of claim42, wherein the cyclic peptide. 15 has four to five
i oni zabl e si 82 ché methogof rgtwgpRIcRRIEIRicelIn BARmABENALiCOMPEIRING| aj m 42,
wherein the cycli¢ i : e&a,:c,nfC . Si i 20 61.
The pharnaceuti cafcidrgggrr%%m tlogﬁl%loa?l rg{ilal Hgﬂgp\kﬁg%?{ﬁﬁt&ﬁg a%%}gﬁﬁgé ggpti de has
two to nite nonpoliem fute aboai sisteeb2minblaeids haheramethie samenaoimeosi ti on of
claim42, wherein the cyclic f3- R&r%t?icgf has an am ng acid sequence of
Y%

formila IV: 25 r ZH§RMEY@2re4 A T2 QCRIPHUEYYG- (21) 0- (22) g

target microbial cell death without inducing an undesirable amount of

animal cell death.

15 64. The metho& of claim 63, wherein the cyclic peptide has a minimum
inhibitory concentration at which substantially no target microbial
organisms grow in vitro that is less than one twentieth to less than one

- half of the peptide concentration needed to cause 50% hemolysis of
mammalian red blood cells in vitro.

20

65.  The method of claim 63, wherein the cyclic peptide causes substantially

no hemolysis of mammalian red blood cells in vitro.

66.  The method of claim 63, wherein the target microbial organism is a

25 gram-positive bacterium or a gram-negative bacterium.

67.  The method of claim 63, wherein the cyclic peptide self-assembles into a
supramolecular structure more disruptive of cellular membranes of the
target microbial organism than of animal cell membranes.

30
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22)9-(Z 1)q-(22)g-(Z 1)a-(22)a-(Z | )q-(22)q-(Z 1)g-(22)9-(Z_1)g IV 30
wherein: each q is separately an integer ranging fromO to 7; each Zli Z3,
Z5, Z7, 260 @2Zbh%50¥13, Z15, Z17, and Z19 is separately a PCT/0AR/0232990503
PCT/ US02/ 14329 1361. 009WOL nonosubstituted (3-am no acid; each Z2i Z4, Z6,
Z8, 710, Z12j36zZdfwo216, Z18, and Z20 is separately a disubstituted

(3-am no aci ¢8. andhamestledoftdemoiii; wiherefiBtheeppriatheldeakr stredapeenmprisds f r om

three to about ten 5 hogocfg ra 1](0% am n(f achds, ﬁng wherei n at tefast one
(3-ami no acid has 2Agnotipg &baggbotassegiated, gxially parallelranoibgs, AAIPCLT ¢ 1 eat i ng
a mcrobial infectiQpiadd RRo@BLBl mEAURE kifhéd. admi ni stering to said ani mal
a cyclic peptide conprising a sequence of 10 fromfour to about sixteen

am no acids, wherein the sequence has alternating D- and L-a-am no aci ds,

in an anount gufficient, to induc I ge .crobial. cell deat i t hout

i nduci ng an Sﬁdeshﬁgﬂ?etéhoélon%flucﬁ Mo ’Wﬁaltl%fe%la eghefrla&g'(leeg{;ﬁ_r Suctigy 1n Cé\g met hod of
claim 63, whereindepdaisitivh of RRAbr&Rs bAthedarbithieoBiali JhBinKrh e¢lyctively
concentration at which substantially no target microbial organisns grow in
vitro that is |es§verpmalrsllimenlires depokrizalden.t han one hal f of the peptide
concentration needed to cause 50% henolysis of mamrmalian red bl ood cells
invitro. 20 65. The nethod of claim®63, wherein the cyclic peptide causes
subst anti al | 0. no The mudtlysi & oddimnEBymahlefeanthe adpiamotedulze birsctune induce. 66. The

met hod of claim 63, wherein the target mcrobial organismis.a 25
gr am posil?i ve baciéﬁ‘ﬁ Qfﬁl:‘%Far%Ft&P&rﬁgﬁgﬁ%PW@ SSEGP%‘?WG%‘FHW.S OFfMAbt hod of
claim 63, wherein.te cyclic peptide self-assenbles into a supranolecul ar

structure nore disruptive of cellular nenbranes of the target m crobial
organi smthan of animal cell nmenbranes. 30

71. The method of claim 63, wherein the amount sufficient to induce target
microbial cell death is an amount of the cyclic peptide sufficient to
15 induce lysis of microbial cells without inducing an undesired amount of

lysis of animal cells.

72.  The method of claim 63, wherein the amount sufficient to induce target
microbial cell death induces substantially no hemolysis of mammalian

20 red blood cells in vitro.

73. The method of claim 63, wherein the cyclic peptide has at least one polar

D- or L-amino acid.

25 74 The method of claim 63, wherein the cyclic peptide has at least two polar

D- or L-amino acids.

75.  The method of claim 63, wherein the cyclic peptide has at least three
polar D- or L-amino acids.
30
76.  The method of claim 63, wherein the cyclic peptide has four to six polar

D- or L-amino acids.
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118 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WOL 68. The net hod of claim 67,
wherei n the supranol ecul ar structure conprises a nanotube, a barrel of
associ at ewp oanp@bs y paral | el nanotubes, a carpet of assoecatiesd2/msadt ubes,
or mxtures thereof. 5 69. The nethod of claim67, wherein the

supr anol ecul agsi.edwoct ure i nduces depol arization of nmenbranes of the target
m cr obi al organi sm sel ectively over animl cell nmenbrane depol arization.
70. The nmethod of _claim63,. wherei p the supra cul ar. struct,ure induces
10 lysis of the tgf‘ﬁérfet dcqf&BVQPGBE‘BQW?SS%’QéFg%%?’\)@ elB\?&?E?‘S}%ﬁ@ Bt ani mal
cells. 71. The nmethednehcialifhdalas todd &fast dhelofter pBRYBL of Lfahiikd &d. to induce
target mcrobial cell death i's an ambunt of the cyclic peptide sufficient
to 15 induce lysis of mcrobial cells w thout inducing an undesired anount
of lysis.of ,gni cells. 72 Th : i m63,. rein.the anmount
suffici en% tg§1 ngﬁi‘gnfeg}oéieqfanﬁiog? gg{{g’%&ggﬁ’ I% 3%%?%@%%%%@@%%@??%“ ally no
henol ysi s of nmammpblaab- o0 afm@th RidBdAdRetitdnlyntoviohpelar B3er CF@inseickisd of
claim 63, wherein the cyclic peptide has at | east one polar D or L-amno
acid. 25 74. The nethod of claim 63, wherein the cyclic peptide has at

| east two pokgr - AJp bfSainf73. ThersBmiaPed wiksl & By Wherein
the cyclic ng'ti dghﬁg{seﬂgot eaggt()ﬁ%gregl Sg7ol’ar’ D- op%g- an‘{e%{o gg}pgsr 30 76.
The met hod of cl abrpbBamidiescid is separatelycd Dcompepiantemknsf ¢ysteinet 0 si x pol ar
D- or L-amno aci ﬂs. 119 WD 02/ 090503 PCT/ US02/ 14329, 1361.009W0OL 77. The
met hod otV any one BTIOEYSKIRG STANS, FECORP: PEIANRS S}“rtlané‘éle’hasﬁﬁ)"lnﬁrac‘éf or
L-am no acid is aghﬁ&ﬁf@tacid(?hﬁ%idih@,aa%gin%?l fnB ey PR yWsifte or¥miktriagn no acid. 5
78. The nethod of "any one of clains 74, 75 an(;, 76, wherein at |east one
polar D- or L-amino acid is adjacent only to nonpolar D or L-am no acids.

80.  The method of claim 63, wherein the cyclic peptide has at least one

ionizable D- or L-amino acid.

15
81.  The method of claim 63, wherein the cyclic peptide has at least two
ionizable D- or L-amino acids.
82.  The method of claim 63, wherein the cyclic peptide has at least three
20 ionizable D- or L-amino acids.

83.  The method of claim 63, wherein the cyclic peptide has four to six

ionizable D- or L-amino acids.

25 84. The method of any one of claims 81, 82 or 83, wherein each ionizable D-

or L-amino acid is adjacent to at least one other polar D- or L-amino acid.
85.  The method of any one of claims 81, 82 or 83, wherein at least one

ionizable D- or L-amino acid is adjacent only to nonpolar D- or L-amino

30 _ acids.
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79. The nmethod of any one of clainms 73, 74, 75 and 76, wherein each pol ar
D or L-amno acid is separately a D- or L-enantioner of cysteine, 10
honocyst ewoa2/03@03 ne, threoni ne, asparagi ne, glutam ne, a®garusozi4se?d,
glutam c acid, histidine, arginine, |ysine, hydroxylysine or ornithine.
80. The net hashr.ofowohai m 63, wherein the cyclic peptide has at | east one

i oni zabl e D 8eér Ll&airn@mhdfdnybﬁe&ﬂclaﬁit@ﬂr@ﬂlﬂi’dorcm wlharein &8h 1gthzabde n t he
cyclic peptide has at |east t. i onj zabl e D

ids. 82. Th
met hod of claim 6% 0%@%@,8@&% YUY HBpLY Idgmf‘i‘é‘gmif Of] @gg’tullef ?ﬁpéglc 20 ©

ionizable D or L-gQl fAtAGt 98id, didd) eysiRs H?&oﬁ&lzﬁhé‘bﬂb&ﬁhm\wer ein the
cyclic peptide has four to six ionizable D or am no acids. 25 84. The

nmet hod of any one of clainms 81, 82 or 83, wherei n each ionizable D or

5. The nbt hdd of ey oo GicTipF g e yB URle ARG iy Rt oRTLST O

ioni zable D or Lnaﬁ@cnﬁ@cdr(i-arﬁmadmaqmdud)nl y to nonpolar D or L-amno 30
acids. 120 WD 02/090503 PCT/ US02/ 14329 1361.009 WOL 86. The nethod of any
one of clains 80, 81, 82 or 83, wherein each ioni zable D or L-amino acid

|5, separatel ysa Dyl di@AMATE WAbrch 2l poARRRE Guo BFfthen Ol U 2 o

aci d, hlstldlne Si ne (0)' si ne or e nmet hod of
cIa|n163 mherelnnbmﬁﬂmymknm,m@mbmddrﬁmhmat | east one nonpolar D or
L-am no ﬁéid resi due. 88. The nmethod of claim®63, wherein the cyclic
pepti de s tw to fifteen nonpolar D or L-amino acid residues. 10 89.

The method ofggcl aimk &feifyd @f%aau\ﬁfw&lg@ %ﬁ@ﬁéld@@ﬂ%ﬁﬁo@b-% baniifh RGiqaci d
residue is a D or L-al anine, valine, "isoleucine, |eucine, nethionine,

nor | euci ne, phenylraidriine p- Dlyl:-@@nm@, mhnterly@ltuxphadeuqr‘a, g@thigninet hod of

treating an |nfect| n caus et mcr b| al organism in an ani nal
conpri si ng adm ni é’f) iy Pﬁenéli%fﬂu%%?ﬁg?m%%gf PRIdant ide conprising a

sequence of about six am no acids, wherein the sequence
15 90. A method of treating an infection caused by a target microbial organism
in an animal comprising administering to said animal a cyclic peptide
comprising a sequence of about six amino acids, wherein the sequence
has alternating D- and L-a-amino acids, in an amount sufficient to induce
target microbial cell death without inducing an undesirable amount of

20 animal cell death.

91. A method of treating an infection caused by a target microbial organism
In an animal, comprising administering to said animal a cyclic peptide

comprising a sequence of about eight amino acids, wherein the sequence

25 has alternating D- and L-a-amino acids, in an amount sufficient to induce
target microbial cell death without inducing an undesirable amount of

animal cell death.

92.  The method of any one of claims 63, 90 or 91, wherein the cyclic peptide

30 has an amino acid sequence of formula I:

l’(Yl)p'(Xl)m'(Y2)p'(X2)p'(Y3)p‘(X3)p'(Y4)p'(X4)p‘(Y5)p'(X5)p —’
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has alternating D- and L-a-am no acids, in an anount sufficient to induce
target mcrobial cell death w thout inducing an undesirable anmount of 20
ani mal cewo odeaishs 91. A nethod of treating an infection eaused2/ins2a target
m crobial organism in an animal, conprising admnistering to said animal a
cyclic peptidsio®empri sing a sequence of about eight am no acids, wherein
the sequence 25 has aht@HiBR(YR-Ok)ARH)-R) A she(XakHAE)- OR)alY shrount
sufficient to induce target mcrobial cell death w thout inducing an
undesi rabl e anount of animal cell death. 82. The nethod of any one of
clains 63, 90 or QherdMperein the cyclic peptide 30 has an am no acid
sequence of formula I: F (Y1)p-(X1)m(Y2)p-(X2)p

(Y3) p- (X3) p- (Y4) p- ( X4) pa {s\@)iptegeppeing fomic0R/ 090503 PCT/ US02/ 14329

1361. 009 - (X1O) P- (YL Q) p= (X9).P-{ Y9).p: ( X8).p-.( Y&) p- L X7)p- (Y7) p- ( X6) P- (Y6) p
- 1 wherePn: inis an efl%}gbseslgpgrrﬁtﬁéiarlr?g]19¥e%8rrﬁ)a glil%%)?,%lét% ch p is separately
an integer ranging froraéh Xp X, Xe3CH X5IXs, %3, XKHKo, #dd XXPis seffaratd{g.a X8, X9,
and X10 is separately a polar D0 or L-a-amno acid; and each Y1, Y2, Y3,
Y4, Y5, Y6, Y7, Y8, Y9, and PvlasDrer semiiae éfigs atkonpol ar D- or L-a-ami no
acid; and 10 wherein t cycly c ti h URCAY g romfour to
about sixteen al terna??%hgyb?zaxg’e%’gq%’%’g i%ésg%ggongﬁépa?%%l&hod of any
one of clainms 63, 90 or 91, nohpuled ;v drhex-amirio @wijepdi de has an am no acid

sequence of formula Il: 15 F (D X,. -L-X2) m- (DY, _- L-Y2) - (L-X3 -
D-X4) p J0(L-Y3 - viheraly theyclig pepgide hps gagvep n!méoe! %ﬁQW&mtoﬁBW( D-Y6 -
L-Y5) p - (L-X6 - [hdl)altéfhabing b! and &Rl acids.

93.  The method of any one of claims 63, 90 or 91, wherein the cyclic peptide

has an amino acid sequence of formula II:

15
(D-X] -L-Xz) m- (D-Y1 - L-Yz) p- (L-X3 - D-X4) p- (L-Y3 - D-Y4)
| p |
—(L-Ys-D-Y7)p - (D-X5 -L-X7)p - (D-Yg - L-Y5) , - (L-X5 - D-X5) —
20 p
II
wherein:
25 m is an integer ranging from 1 to 7;
each p is separately an integer ranging from 0 to 7;
each X, X, Xj, X4, X5, X¢, X7, and Xg is separately a polar D- or
L-c-amino acid;
each Yy, Yo, Y3, Y4, Ys, Y6, Y7, and Yy is separately nonpolar D-
30 or L-a-amino acid; and
wherein the cyclic peptide has an even number of from four to about
sixteen alternating D- and L-o amino acids.
94.  The method of any one of claims 63, 90 or 91, wherein the cyclic peptide
35 has an amino acid sequence having having formula III:
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25 in is an integer ranging from1l to 7; each p is separately an integer
ranging fromO to 7; each X1, X2, X3, X4, X5, X6, X7, and X8 is separately
a pol ar Dwvoar/09dsem- ami no aci d; each Y1, Y2, Y3, Y4, Y5, Y®CTNR02/&43d9 Y8 i s
separately nonpolar D- 30 or L-a-am no acid; and wherein the cyclic peptide
has an even mismbewoof from four to about sixteen alternating D- and L-a
am no acids. 94. The nethod of any one of clains 63, 90 or 91, wherein the

LI\ B SRS UL IR B T TR
(90D P ODF QO OB E Kl hoiars . (Y 1077, 5

ranging fsom1l to 7; each p is sgHarately an integer ranging fromO to 7;
each X1, X2, X3, X4, X5, X6, X7, X8, X9, and X10 is separately a 10 pol ar
D- or L-a-amno adh§rei®ach Y1, Y2, Y3, Y4, Y5 Y6, Y7, Y8, Y9, and Y10 is

separately nonpol ar Fnbin@ed P grbgllf%nﬂ wherein the cyclic peptide
has an even nunber P}%r%nf%tgg toﬁgg%%ut si xteen alternating D- and L-a

amino acids. 15 95. Theaa‘hat Bodpaitehmn mte:gemfangnhgufnmm @8 7,90 or 91, wherein
(e eyel c peplide Neg GARng orlq seavenee of AU LR 2L O
- (DY1 14-Y2)m - D-i 3 1 VbpoRppWher-8idmino acid;
each Y1, Y, Y3, Y4, Ys, Y, Y7, Y, Yy, and Yo is separately
nonpolar D- or L-a-amino acid; and
wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-o amino acids.

15
95.  The method of any one of claims 63, 90 or 91, wherein the cyclic peptide
has an amino acid sequence of formula IVa or IVb:
D-X| — (L-X; - D-X3), - (L-Y| -D-Y2)m - L-Y; IVa
20
or
L-X; — (D-Xz - L-X3)n - (D-Yl -L-Yz)m -D-Y; IVb
25
wherein:
n is an integer ranging from O to 4;
m Is an integer ranging from 1 to 7,
30 X1, X and X3 are each a separate a polar amino acid;

Y1, Y, and Y3 are each a separate nonpolar amino acid; and
wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-& amino acids.
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nis an integer ranging fromO to 4, mis an integer ranging from1l to 7,
30 X1, X2 and X3 are each a separate a polar amno acid; Y1, Y2 and Y3 are
each a sewaroateosnonpol ar am no acid; and wherein the cyclpca/ysepidde has an
even nunber of fromfour to about sixteen alternating D and L-a am no
acids. 123 WDeaw@®»O503 PCT/ US02/ 14329 1361. 009WO1L 96. The net hod of any
one of cl ai m9663, THO nethdllof ankiene bficlhings @y 80 ot 9 hephdreie thheysliapeptideno aci d
sequence of forrmula Va or Va;, 5 D i - L- - Y1l - L- 2)gq or DL-X1 -
D-X2 - (L-Y1 - 2){ ¥H304° W@V??Fe?éfomfaz\éﬁo‘i(%eger ranging from2 to 7;
X1 and X2 are separately polar am no acids; Y1 and Y2 are separately

nonpol ar am no acids, 97, The method of claim63, wherejn the_gconposition
conprises a ni xt uPeof-L-X5-tRoYor lﬁrz& di f O&r entLqyct PcXpeptli-des. 98. The
met hod of5claim 63, |wherein the am no aci d sequ@ndg)gonpri ses any ne of
SEQ ID NO 8, 9, 12, 17, 18, 26, 29, 47-52, 61, 63, 67, 68, 72-77, 84, 85,
87-89, 91-93, 100, 10Z, I0/7, ITI, 112, 119, 125 or 1I39. 20 99. A nethod of
treating or preventing an infection caused by a target mcrobial organism
in an aninmal conprising adnmypj stering to said mammal a cyglic peptide
conprising a sequg,rfl%gehgf fromthree to about ten (3-amno acids, in an
anount sufficient 't0 Tnduce death of said target 25 m crobial organisns

wi t hout i@duci ng an undesin aldger amgingtfrah 2aoi7mal  cel | death. 100. The

met hod of claim99, wherein_the cyclic peptide has a m ninmum inhibitory
concentration at whi ch%&Bthaﬁ‘f‘i%ﬂpPS?teibp‘i’lé’fﬁ@tnoﬁF’é’bei al 30 organisns grow
invitro that is |less { one half of the
pepti de concentration %gﬁﬂg%&%@%&e g%}gﬁﬁédﬁ%?@%(%g@g% manmal i an red bl ood
cells in vitro.

97.  The method of claim 63, wherein the composition comprises a mixture of
15 two or more different cyclic peptides.
98.  The method of claim 63, wherein the amino acid sequence comprises any

one of SEQ ID NO:8, 9, 12, 17, 18, 26, 29, 47-52, 61, 63, 67, 68, 72-77,
84, 85, 87-89, 91-93, 100, 102, 107, 111, 112, 119, 125 or 139.
20
99. A method of treating or preventing an infection caused by a target
microbial organism in an animal comprising administering to said
mammal a cyclic peptide comprising a sequence of from three to about
ten B-amino acids, in an amount sufficient to induce death of said target

25 microbial organisms without inducing an undesirable amount of animal

cell death.

100. The method of claim 99, wherein the cyclic peptide has a minimum
inhibitory concentration at which substantially no target microbial
30 organisms grow in vitro that is less than one twentieth to less than one
half of the peptide concentration needed to cause 50% hemolysis of

mammalian red blood cells in vitro.
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124 WD 02/ 090503 PCT/ USO02/ 14329 1361.009WO1 101. The net hod of cl aim 99,
wherein the cyclic peptide causes substantially no henolysis of mamral i an
red bl oodwoekiogospn vitro. 102. The nethod of claim99, whecarusor/ns2e ar get
m crobial organismis a 5 grampositive bacteriumor a gramnegative
bacterium 1081.00fWe@1nmet hod of claim 99, wherein the cyclic peptide

sel f - assenbl é61i nflhe metbadorfalnme wherest thesycliepaptide calisss sybsiapiallft cel |

menbranes of target, m crobial organis t han,of animal cell nenbranes. 10
104. The net hod oino@FW&STGS&IW%WG?&?OEL‘fﬁpsa’ﬁ’o‘i’%ﬁ‘uI ar structure
conprises a nanotube, a barrel of associated, axially parallel nanotubes, a
carpet of associ ated nanotubes, or m xtures thereof. 15 105. The net hod of

clai m 103, wh8?ei The methodniphamet wherest thgdargetanicrhidl sgands i dar i zat i on of
menbr anescof tar 1.GLADbI i {1 . gver animal cell
menbr ane %Iepol ar? a%gglag%@éﬁ%%@%%%ﬁ%g‘%@%y%{rﬁg wherein the

supranol ecul ar structure induces 20 lysis of target m crobial organi sns

selectively over animal cel| lysis. 107. The method of .claim99, wherein
the anmount sdP#i cilBfmathpd ijcﬁlﬂi’é‘ é?e&’thﬁre& thecxelicpepfifle selbpsse dMPéns is an

amount of the. cycliyiaRERkl feyAhL 6lr0lishGyiv BELAFmLMBlAOLr Y 001 & cell s

W t hout i nducing an undesired anmount o sis of animal cells. 108. The
met hod of cl ai m 9icrabeit efganising tiamoafraningalfckll meantrantes. i nduce deat h of

target m crobial organisnms i nduces substantially no henolysis of red bl ood
cells in¥itro. 30. 109. The nethod of cl ai m 99, wherein the cyclic peptide

has at | east jome awbaiethdil SFRIGHAI0, whaBinMR OZrAABREBPSHIHSO2/ 14329
1361. 009WO1 110. The method of claim 99, wherein the cyclic peptide has at

| east two pol ar  spwprisdiginasotube, piprrerplassedistod agfallylparatleboanotubes.ci n t he
cyclic peptide ha%ar%%t cl)f%%gotciaﬁehd’ r?a%oﬁl'bgg, or mixtures thereof.

15 105. The method of claim 103, wherein the supramolecular structure induces
depolarization of membranes of target microbial organisms selectively

over animal cell membrane depolarization.

106. The method of claim 103, wherein the supramolecular structure induces

20 lysis of target microbial organisms selectively over animal cell lysis.

107. The method of claim 99, wherein the amount sufficient to induce death of
target microbial organisms is an amount of the cyclic peptide sufficient to
induce lysis of microbial cells without inducing an undesired amount of

25 lysis of animal cells.

108. The method of claim 99, wherein the amount sufficient to induce death of
target microbial organisms induces substantially no hemolysis of red
blood cells in vitro.

30.
109. The method of claim 99, wherein the cyclic peptide has at least one polar

side chain.
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chains. 112. The nethod of claim 99, wherein the cyclic peptide has four to
five polar side chains. 10 113. The nethod of claim99, wherein the cyclic
pepti de hae tamodsenst one ionizable side chain. 114. The merhsdzof32z] ai m
99, wherein the cyclic peptide has at |east two 15 ionizable side chains.
115. The net hwdowvoel ai m 99, wherein the cyclic peptide has at |east three
i oni zabl e side chains. 20 116 The met hod of claim99, wherein the cyclic
pepti de has four five .Z e .si de_chains hod .of claim
99, wherein E@ ﬁ‘ﬁn& ﬁb‘é’p‘f m??? W&Frql%g@tcyﬁlh%pepﬁéﬁbﬁﬁ gﬁegh" ORYE n. 25
118. The nethod ofidelcahis 99, wherein the cyclic peptide has two to nine

nonpol ar side chains. 119. The nethod of claim99, wherein the cycli c
(3-peptide can have an amno 30 acid sequence of fornmula VI: F (Z1)

A AR e S RSP 42 0

(Z20) p- (Z19) p- (Z18h§in€.Z17) p- (Z16) p- (Z15) p- (Z14) p- (Z13) p-(Z12)p (ZI 1)p - VI
wherein: 5 each p is separately an integer ranging fromO to 7; each Z1,
Z3, Z5, Z7, Z9, Z11, Zz13, Z15, Z17, and Z19 is separately a

monosubsti t uged ( %’h@%éﬁ??cﬁ&f'cgaual SuQ/h%t%ln l%%&y%lgc p%?ide ﬂ&sofogz ﬁog 216,

Z18, and Z20 is separate bstitute no aci d; wherei n
the cyclic 13- pepmldd&hhlas a sequence of fromthree to about ten honochiral
(3-amno_acid side chains. 120. A nethod for identifying or evaluating a
cyclic pégtide with anti- mcrobial activity conprising:

113. The method of claim 99, wherein the cyclic peptide has at least one

ionizable side chain.

114. The method of claim 99, wherein the cyclic peptide has at least two

15 ionizable side chains.

115. The method of claim 99, wherein the cyclic peptide has at least three

tonizable side chains.

20 116. The method of claim 99, wherein the cyclic peptide has four to five

ionizable side chains.

117. The method of claim 99, wherein the cyclic peptide has at least one

nonpolar side chain.

25
118. The method of claim 99, wherein the cyclic peptide has two to nine
nonpolar side chains.
119. The method of claim 99, wherein the cyclic B-peptide can have an amino
30 acid sequence of formula VI:

|’ (Zl)p '(Zz)p '(Z3)p '(Z4)p '(ZS)p '(ZG)p '(Z7)p '(Zs)p '(ZQ)p '(Zlo)p —'
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15 (a) contacting a target mcrobial organismwith a test cyclic peptide;
and (b) determ ning whether the test cyclic peptide has anti-m crobi al
activity;woleneisn3the test cyclic peptide conprises (i) apsagseses20f from
four to 20 about sixteen alternating D and L- a-amno acids, or (ii) a
sequence of 1iferomwbhree to about ten (3-am no acids. 121. A nethod for
identifying or evaluatpy-(ZishYE]),€Zpptlis)€Zael@oi-{Zo)-(Z)cytotoxic to a
target mcrobial organismconpriging: 25 (a) obtaining a conbinatori al
library of test cyclic peptides, erein each test cyclic peptide in the
conbinatorial library conprises (i) an alternating DD and L- a am no acid
sequence of fromfour to about sixteen amno acids, or (ii) a sequence of
fromthree to abdderai®n 13-amno acids; 30 (b) contacting a target

m crobi al ccell with on r M henke Y6 I ldes; and 127 WO
02/ 090503° PCT/ US02/ 143 58{%%55368%\?6%‘1( %?“%’é%‘e%nﬁ"%}ﬁg%et her one or nore
test cyclic peptides haueh 2nZi,-ZsnNLEZobla) Z1ackis VA h,yand V3 2is sbparetelyod of

identifying a cyclic peptide selectively cytotoxic to a target 5 mcrobial
organi sm conprising: (a) i dMopyBplifgedPpmingacdic)ic peptide fromthe
conbinatorial |ibrary | 3 i 121 4 h an~l nguc | 1. said
target m crobi al orga(r%lgcshn?z’?ﬁ’) Géé%hztéoﬁg‘ltlzﬁgmétz'ﬁ’ezligé?ncg%@ 1%%1&%%3%& {ad for a
different amno acid in 10 disubstied@rasinofacidhend i rst cyclic peptide to
generate a second cyclic peptide; (c) contacting a target mcrobial cell
with thel8econd cycli c ZWheptn the;cychmb-pentidedess arspayangg ofviiemtibree the second
cyclic peptide has 123. The nethod of any one

of claims 120, 12fb€¥ttal§]g1?rgéﬁ%@tagéﬁn%ﬁ%gc Ifiﬁ%)fﬁgaiP%r ther conprises
determ ni ng whether a cyclic peptide induces an
120. A method for identifying or evaluating a cyclic peptide with anti-
microbial activity comprising:
15 (a) contacting a target microbial organism with a test cyclic peptide;
and
(b) determining whether the test cyclic peptide has anti-microbial
activity;
wherein the test cyclic peptide comprises (i) a sequence of from four to

20 about sixteen alternating D- and L- a-amino acids, or (ii) a sequence of

from three to about ten f-amino acids.

121. A method for identifying or evaluating a cyclic peptide selectively
cytotoxic to a target microbial organism comprising:

25 (a) obtaining a combinatorial library of test cyclic peptides, wherein
each test cyclic peptide in the combinatorial library comprises (i)
an alternating D- and L- o amino acid sequence of from four to
about sixteen amino acids, or (ii) a sequence of from three to
about ten 3-amino acids;

30 (b) contacting a target microbial cell with one or more of the test

cyclic peptides; and
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undesired anount of lysis of an animal cell type. 20 124. The nethod of any
one of clains 123, wherein the animal cell type is a manmalian red bl ood
cell. 125wobkeeoses hod of any one of clains 120, 121 or 122CTaiser/ei3m t he
mcrobe is 25 a bacterium a yeast strain, a fungus, or a single cel
parasite. 126361.dbd&oret hod of any one of clains 123, wherein the nethod
further conprises de)detaminige whethéremear oyt iest pefit ipdptidesdaceantisubst ant i al
cell death in another aninal cel] type. 30 127. The nethod of any one of
claims 120, 121 or 122 ™Gt Yle contacting step is performed in vitro.
128 WD 02/ 090503 PCT/ US02/ 14329 1361. 009WO1 128. The net hod of any one of
clainms 120, 121 or 122, wherein the contacting step is perforned in vivo.
5 129. The mdfRod Aomethddrfideptifignga cyadicipepidgiclattivelypatsitexiofo @rgett i ve
associatign with a .target bionol ecul.e, conprising contacting a solution of
cyclic peptides Mf?ﬁm%%§0F§P&8PcB?Bﬂ%P%CU|e and det er ni ni ng whet her the

peptides assenbl e in%ay i@er®ifyanh 2 AT & GRS peptitiel Got Be Chabina®IrRClibrds) of
associates with the bionolecule, wherein the cyclic peptides conprise an 10

alternating D- and L- aciimndldbatgan bguencd] drtlf ofsaid tatget micrabidut  si xt een
am no acids. 130. The Qﬁé .of claim 129, wherein the target bionol ecule
is displayed on the surface’of a living cell. 15 131. The method of claim
129, wherein the tar@ytexbhangige idast dns adiisphay éat aodiffetehearainofaacianof a

| i posonme. 132. The nethod of claiﬁ%%ZQ, m@erein nore than one peptide is
contacted® 20 with t he theeguencsiod s gt ayelic pepiideto genprath ddend CVelim 129,
wherein the suprannlecgk rgstructure conprises a nanotube, a barrel of
associ ated, axially parallel nanotubes, a carpet of associated nanotubes,
or m xtures thereof.(c2Bontacting a target microbial cell with the second cyclic peptide;

and
(d) determining whether the second cyclic peptide has anti-microbial

15 activity.

123. The method of any one of claims 120, 121 or 122, wherein the method
further comprises determining whether a cyclic peptide induces an
undesired amount of lysis of an animal cell type.

20
124. The method of any one of claims 123, wherein the animal cell type is a

mammalian red blood cell.

125. The method of any one of claims 120, 121 or 122, wherein the microbe is

25 a bacterium, a yeast strain, a fungus, or a single cell parasite.

126. The method of any one of claims 123, wherein the method further
comprises determining whether a cyclic peptide induces substantial cell
death in another animal cell type.

30
127. The method of any one of claims 120, 121 or 122, wherein the contacting

step is performed in vitro.

128



134. A peptide conprising a cyclic am no acid sequence of fromfour to
about sixteen alternating D- and L-a-am no acids, said peptide having
anti- m cwobabosextivity but substantially no undesired amCirAmn/mebko cel l
activity. 30 135. The peptide of claim 134, wherein the peptide has a

m ni mum i nhi hedi@esywoiconcentrati on at which substantially no target

m crobial organisns grow in vitro that is |less than about one twentieth to

about one hal f _of the 129 02/ 090503 P 2/ 1432 1361. 00 pepti de
concentrat i on%fee T?fg‘&%gxgé‘y%q(‘%éﬁﬂﬁ/gi llj?? ofri?ﬁ?ré'f%?eé‘ﬂn ﬁleeacong’ﬁv%% cel I s.
136. The peptide QfepGk pbidrhndinWher ein the peptide causes substantially no

5 henolysis of mammalian red blood cells in vitro. 137. The peptide of
claim 134, wherein the anti-mcrobial activity is against grampositive

whorain the oan cipapt oA Re e AP BB MG T T et ure

more disruptive ofasicidiioh wiihcd @Bl bionitiétle bOApiisiag caitadimigimblt@hl
menbranes. 139. The peptide of claim 134, wherein the suprano] ecul ar
structure 15 conprafs¥elicpeptides v thedanggthigmolsruls aad detgrramingayhehety paral | el

nanotubes, a car Rg%pébf\}\}%iéssés@&hﬂ ‘?ﬁ’to’&asﬂg%%}fbgicmagrstrﬁét&e%&%efew 140. The

f
peptide of claim1l erein the supr r structure 1 nduces
m crobi al cell nembsoeitesdegothaicnaelearie, seleeat theadygliopeptidencormpriseednl 20
menbr ane depol ari zation. 141. The peptide of claim 134, wherein the
supranol d€ul ar st ralfemahee Pnand b aminorasid spauenceiof fromy Sug i dopt gistegn over
ani mal cell lysis., 25 %04}3,1, The peptide of claim 134, wherein the peptide
i nduces lysis of mcrobiral cells without inducing an undesired anmount of
lysis of animal cells. 143. The peptide of claim 134, wherein the peptide

i nduces substantially no . h | ysis of mapmalian.red blood cells in vitro.
30 144. The pebti %@%ethq%?ﬁqﬁgﬁffwgﬁ@rwh@ FEHHRmAOHEE dEPIPEAan one
polar D- or L-ampogafkdordB0indeeQ2/ 090503 PCT/ US02/ 14329
15
131.  The method of claim 129, wherein the target biomolecule is displayed on

the surface of a liposome.

132.  The method of claim 129, wherein more than one peptide is contacted

20 with the target biomolecule.

133.  The method of claim 129, wherein the supramolecular structure
comprises a nanotube, a barrel of associated, axially parallel nanotubes, a
carpet of associated nanotubes, or mixtures thereof.

25

134. A peptide comprising a cyclic amino acid sequence of from four to about

sixteen alternating D- and L-a-amino acids, said peptide having anti-

microbial activity but substantially no undesired anti-animal cell activity.

30 135. The peptide of claim 134, wherein the peptide has a minimum inhibitory
concentration at which substantially no target microbial organisms grow

in vitro that is less than about one twentieth to about one half of the
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1361. 009WO1L 145. The peptide of claim 134, wherein the peptide has at | east
two polar D or L-amno acids. 5 146. The peptide of claim 134, wherein

t he peptiweobasses | east three polar D or L-am no acids. PCAUSOTs2pept i de
of claim 134, wherein the peptide has four to six polar D or L-am no
acids. 10 148s1.dbbeopepti de of any one of clains 145, 146 or 147, wherein
each polar D or pemitﬂiemonmtrdticbrsnadj:chtoemhsetij)"/ahemebzs'ts ofmenuhdlen rpdl ar D- or
L-amino acid. 149. The peptide of any one of clains 145, 146 or 147,
wherein at | east 6198 %ol ar D or L-amino acid is adjacent only to
nonpolar D- or L-amino acids. 150. The peptide of any one of clains 144,
145, 146 or 147, wherein each polar D or L-amno acid is separately a D
or L-enanti ohds. oThcpqﬁElﬁwéclalmdﬁﬁoylmr@lhrﬁ@p@@dﬁ Aeyses sibstantiall naspar agi ne,

gl utam ne, aspart t am dy i stidine, arginine, |ysine,
hydr oxyl ySi ne or h‘?rﬂﬁ?lyﬂisﬁg am?%#lan (Peblgcg&p‘f‘én& B ai m 134, wherein the

cyclic peptide has at |east one ionizable DD or L-amno acid. 25 152. The
peptide of claim 134, wherein the cyclic peptide has at |east two

i oni zabl e D- 13 LThepensidgerf glaim 184, Whesein Shspantiqaicaebial agtivity 2uagaifker ei n t he

cyclic peptide ha ) 1 L-am no acids. 30 154.
The pepti de of cI |m3§si€\$ev31at§{r%l?§rtg’ﬁa§péé Ivgb%%c%%{ de has four to six

ioni zable D- or L-anino acids. 131 WO 02/090503 PCT/ US02/14329 1361. 009WOL
155. Thegg)eptl de of any.one of clainms 152, 4, wherei.n each

i oni zabl B0 DI3%r Eh%tH?MEleé’éFHIm#é’di"ha“é%‘Htthq‘"&’CgfpPIét selfrAsSHRNEY Mol ar D or
L-am no acid. 5 ] Qpra&_lgfecﬁ)l% %thﬁﬁlf@%o@@bflsﬁlﬂﬁvé)f)f fa Og%:t Hhcrébral 153 or 154,

wherein at | east I oni za L-am no aci s adjacent only to
nonpolar D- or L- mmrhmaneamadsaf animal cell membranes.

139. The peptide of claim 134, wherein the supramolecular structure
15 comprises a nanotube, a barrel of associated, axially parallel nanotubes, a

carpet of associated nanotubes, or mixtures thereof.

140. The peptide of claim 134, wherein the supramolecular structure induces
microbial cell membrane depolarization selectively over animal cell

20 membrane depolarization.

141. The peptide of claim 134, wherein the supramolecular structure induces

microbial cell lysis selectively over animal cell lysis.

25 142. The peptide of claim 134, wherein the peptide induces lysis of microbial

cells without inducing an undesired amount of lysis of animal cells.

143. The peptide of claim 134, wherein the peptide induces substantially no
hemolysis of mammalian red blood cells in vitro.
30
144. The peptide of claim 134, wherein the peptide has at least one polar D- or

L-amino acid.
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10 157. The peptide of any one of clains 151, 152, 153 or 154, wherein each
ionizable D or L-amino acid is separately arginine, aspartic acid,

gl ut am c woiod/p9tsnzt i di ne, |ysine, hydroxylysine or ornithiPeg/USLE8329The
pepti de of claim 134, wherein the cyclic peptide has at | east one 15
nonpol ar D- oi.dovwol no acid residue. 159. The peptide of claim 134, wherein
the cyclic peptide has two to fifteen nonpolar D or L-amno acid

or Loamno bird TESpalERel G ke Tk g Pun TR iR o *

met hi oni ne, norl pysliR®acidheny! al an| ne, tyrosine or tryptophan. 161. A
peptide conprising a cyclic am no acid sequence of about six 25 alternating
D- and L-a-am no acids, said peptide having anti-mcrobial activity but

cubstant Lo Yo, H08 bl T ot ol o FIBALAFRIRLS 0 o

aci ds, sai d pepti ger A ﬁﬂf{ﬁd’l@lcﬁ.ﬂtl -mcrobial 30 activity but substantially no
anti-animal cell activity. 132 WO 02/090503 PCT/ US02/ 14329 1361. 009WO1
163. The peptide of any one of clains 134, 161 or 162, wherein the cyclic

(V) pe () - L) pr B TR TS oMMyl bopour iy polagoor
( X10) p- (Y10) p- ( X9)Ran(i®@aqidd. X8) p- (Y8) p- (X7) p-(y7) p-(X6) P-(Y6)P T wherein:

mis an integer ranging from1l to 7; 10 each p is separately an integer
ranging ¥fom 0 to 7; each X1, X2, X3, X4, X5, X6, X7, X8, X9, and X10 is

separately ajuol gpe b P tRIE of afy @ﬁ@ mlﬁﬁisq% aﬂﬁ cﬁ'qul? Wﬂereﬂ{?eacﬂﬁolaxyﬂ 1;/5 Y6,

Y7, Y8, Y9, and Y10 separately nonpol ar -a-amno acid

wherein t he cyclior pepﬁnodmdwssadalcsxﬁqqehlcastoowpthlespcvigr Brorévaninaueiser of
fromfour to about sixteen alternating Do and L-a am no acids; and wherein
t he sequence is not:

149.  The peptide of any one of claims 145, 146 or 147, wherein at least one

15 polar D- or L-amino acid is adjacent only to nonpolar D- or L-amino acids.

150. The peptide of any one of claims 144, 145, 146 or 147, wherein each
polar D- or L-amino acid is separately a D- or L-enantiomer of cysteine,
homocysteine, serine, threonine, asparagine, glutamine, aspartic acid,

20 glutamic acid, histidine, arginine, lysine, hydroxylysine or ornithine.

151.  The peptide of claim 134, wherein the cyclic peptide has at least one

ionizable D- or L-amino acid.

25 152. The peptide of claim 134, wherein the cyclic peptide has at least two

ionizable D- or L-amino acids.

153.  The peptide of claim 134, wherein the cyclic peptide has at least three
ionizable D- or L-amino acids.

30
154. The peptide of claim 134, wherein the cyclic peptide has four to six

ionizable D- or L-amino acids.
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cyclo-[-(A@n- DAla)4-]; cyclo-[-(An- D Leu)d-]; 20 cyclo-[-(Qri-
D-Vval)4-]; cyclo-[-(Phe- D-Leu)4-]; cyclo-[-(Phe- D-Aa)4-];

cycl o-[ - (worm2/o0sas a- G u- D-Ala)2-1; cyclo-[-(d n- D Phe- @Gcarusbz/Rised 2-1; 25
cyclo-[-(A@n- DAla-Gu- DAa)3-]; cyclo-[-(Trp- D Leu)3-dn- D Leu-];
and cycl o-[ t%.609wGD- Leu- Trp) 4- D-Leu-]. 164. The peptide of any one of
clainms 134, 161 or 162, wherein the cyclic 30 peptide has an am no acid

sequence of f la 1l1: F (D X1 -L:X2 = Y1l _- L-Y2 - (L- - DX4
p - (L- va - b%r{gj Tﬁﬁpepi@s 0%\613091}@0%%%3%‘5 PoF @d&ﬁfﬂs‘!@“%ﬁi‘.‘ -(L- Y8) -
D-Y7) p - (D-X8 -b: &)-aRirio 4R i!@tdj‘acéﬂ‘tY@%t IBast ohd-other polkt XX r-arkinol | 5

wherein: mis an integer ranging froml to 7; each p is separately an
integer ranging faedh O to 7; each X1, X2, X3, X4, X5, X6, X7, and X8 is
separ at ely% a polar D or 10 L-a-am no acid; each Y1, Y2, Y3, Y4, Y5, Y6,
Y7, and is separately nonpolar D or L-a-amno acid; and wherein the
cyclic pepti ges hagh@perRiiedf ayHRS offlaifs Q92 f DI3rorti34 alvhetkin £ ilegse@ie

alternating D- and L-a am no acids. 15 165. The peptide of any one of
clains 134, 161 oionimble inpsieining Beidpoprdiaceat oMy o Aenpekardy caid@ 8@ quence
havi ng havi ng for%lclsa 11 (X)) p-(X2)p-(X3)p (X4)m (X5)p (X6) p-(X7)p-(X8)p
(X9)p (X10)p 20
10 157. The peptide of any one of claims 151, 152, 153 or 154, wherein each
ionizable D- or L-amino acid is separately arginine, aspartic acid,

glutamic acid, histidine, lysine, hydroxylysine or ornithine.

158.  The peptide of claim 134, wherein the cyclic peptide has at least one

15 nonpolar D- or L-amino acid residue.

159. The peptide of claim 134, wherein the cyclic peptide has two to fifteen

nonpolar D- or L-amino acid residues.

20 160. The peptide of claim 158 or 159, wherein each nonpolar D- or L-amino
acid residue is alanine, valine, isoleucine, leucine, methionine,

norleucine, phenylalanine, tyrosine or tryptophan.

161. A peptide comprising a cyclic amino acid sequence of about six
25 alternating D- and L-ai-amino acids, said peptide having anti-microbial

activity but substantially no anti-animal cell activity.
162. A peptide comprising a cyclic amino acid sequence of about eight

alternating D- and L-ai-amino acids, said peptide having anti-microbial

30 activity but substantially no anti-animal cell activity.
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(YL0) p-(Y9) p-(Y8) p-(Y7)p-(Y6) p- (YD) p-(YA) p-(Y3)p-(Y2)p-(Yl ) 11l wherein:
each mis separately an integer ranging from1l to 7; 25 each pis

separ at el woan/opesbeger ranging fromO to 7; each X1, X2, XPCTNHBO2/KB29 X6, X7,
X8, X9, and X10 is separately a polar D or L-a-amno acid; each Y1, Y2,
Y3, Y4, Y5, Y&1.o¥Wwo1Y8, Y9, and Y10 is separately nonpolar D or L-a-am no
aci d; and 30 1éher dha phh@daxyfdnbfonpeﬁclhims Bds 1@horel@n wharebethesfcliao om four to
about sixteen altern -a_am na aci 166. The peptide of any

tin S
one of clains 134P°%H %Téﬁlm‘w?fé SR 5%?31?‘%& has an anino acid
sequence of forrmula IVa or 1Vb: 134 WO 02/ 090503 PCT/ US02/ 14329
1361.009\W01L DA I 1 - (L-X2 - D X3), - -DY2)m- L-Y3 3 1Va 5 or LA
1 - (DX2 - L- X3yt @bt (Y @Qz))prr(Yﬁ 3)0% (Xadr-(Wdr-€X ) is an integer
ranging ffomO to 4, mis an integer ranging from1l to 7j1, X2 and X3

are each a separai(é(lg;:)p-p@'eﬂ(')a\pr-()egm'}(f‘htg)pa(éiga;lJ (Yihr (XY-@R3-(K3) A0&)each a separate

nonpol ar am no acid; and 15 V\/nerel n the cyclic peptide has an even nunber
of fromfour to about sixteen allternati ng D and L-a am no acids. 167. The
peptide of any ongfeigl ai s 134, 161 or 162, wherein the peptide has an
am no acid sequence ofl formula Va or Va: 20 DX1 -L-X2 - (DYl - L- 2)q or
L-X1 - D 2 - (L-VY1 - Imhéza)lqntegafadhgingffom]bme'ln q is an integer ranging
from2 t 7; X1 and X2 are separat amn Y1l and Y2 are
separ at el 9 nonpol ar anicAd! REiS§R arateﬁ’%lplpeger rafihd FroiFh 1577

each X, X, Xj, X4, Xs, X6, X7, X3, Xy, and Xjg is separate!y a
polar D- or L-a-amino acid; and

each Y1, Y2, Y3, Y4, Ys, Yo, Y7, Y, Yo, and Y is separately
nonpolar D- or L-a-amino acid;

15 wherein the cyclic peptide has a sequence comprising an even number of
from four to about sixteen alternating D- and L-o amino acids; and
wherein the sequence is not:

cyclo-[-(GIn- D-Ala)s-];
cyclo-[-(GIn- D-Leu)s-];

20 cyclo-[-(GIn- D-Val)s-];

(Phe- D-Leu)s-];

(Phe- D-Ala)s-];

cyclo-[-(GIn- D-Ala-Glu- D-Ala),-];

cyclo-[-
[-
[-
cyclo-[-(GIn- D-Phe-Glu- D-Phe),-];
[-
[-
-[-

cyclo-

-(GIn- p-Ala-Glu- D-Ala);-];
(Trp- D-Leu)s-GIn- D-Leu-]; and
Gln- (D-Leu-Trp)s- D-Leu-].

25 cyclo-
cyclo-

cyclo-

164. The peptide of any one of claims 134, 161 or 162, wherein the cyclic

30 peptide has an amino acid sequence of formula II:

l-(D-Xl -L-X2)m = (D-Y) - L-Yy)p - (L-X; - D-X4) p - (L-Y3 - D-Y4) —|

p
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30 168. The peptide of claim 134, wherein the am no acid sequence conprises
any one of SEQID NO8, 9, 12, 17, 18, 26, 29, 47-52, 61, 63, 67, 68, 72-
77, 84, 8&p@M®BGB3 91-93, 100, 102, 107, 111, 112, 119, 1PETArsod8829 169.
The pharnmaceutical conposition of any of clainms 1, 33 or 34, wherein 35

t he ani mal i $36aodawoan. 135 WO 02/ 090503 PCT/ US02/ 14329 1361. 009WO1L 170.
The phar maceut i ca(L<Biposit) on(DIXady-30f) ,cl(@-¥g -1,- Y33 , or(L.3X, - Whelsgi m t he
animal is a farmanimal. 5 171. The pharnaceutical conposition of any of
claims 1, 33 or 34, wherein the aninmal is a doRestic animal. 172. The
pharmaceuti cal conposition of claim42, wherein the animal is a hunman. 10
173. The pharmaceutical conposition oﬂ claim42, wherein the animal is a
farmaninal. 174. The pharmaceutical conposition of claim42, wherein the
animal is a 15 deviesdin:c animal. 175. The nmet hod of claim 63, wherein the

animal is a human. 176. The nethod of ﬁl aim63, wherein the animal is a
farmanimal . 20 177. This RdutRgd 1818128 HPm 6% Zwherein the animal is a

domestic animal. 178. . Jhe, ReRL4rie1Oh iAfd¥ethnShainds, d 8d7. 161 or 162 that is
substantially non- toxiecéh?pn rrglsm‘rral s}pjn215 %%9.1@@ pepti de of any of claim

134, 161 or 162 that i sachu¥sXanXi,ad Kse X7t oxi s isseprratalysa pdd8M- ofhe
pepti de Q any of clains 134, 161 or 162 that is substantially non 30 toxic
in a targ t animal in WERPHEDeptide is intended for use to treat or

prevent a m crobial intgmyYQW,, ¥36r,, Ys, Ys, Y7, and Ys is separately nonpolar D-
or L-o-amino acid; and
wherein the cyclic peptide has an even number of from four to about
sixteen alternating D- and L-« amino acids.
15
165. The peptide of any one of claims 134, 161 or 162, wherein the peptide
has an amino acid sequence having having formula III:

20 l: (X1)p'(XZ)p'(XB)p'(X4)m'(XS)p'(XG)p'(X7)p'(X8)p'(X9)p'(X10):]

(Y10)p-(Yo)p-(Ye)p-(Y2)p(Y6)p-(Y5)p-(Ya)p(Y3)p-(Y2)p(Y1)
111
wherein:
each m is separately an integer ranging from 1 to 7,
25 each p is separately an integer ranging from 0 to 7,
each X, X, X3, X4, Xs, Xe, X7, X3, X9, and X is separately a
polar D- or L-a-amino acid,
each Yy, Y2, Y3, Y4, Ys, Yg, Y7, Y, Yo, and Y is separately
nonpolar D- or L-a-amino acid; and
30 wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-o amino acids.

166. The peptide of any one of claims 134, 161 or 162, wherein the peptide

has an amino acid sequence of formula IVa or [Vb:
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D-X; — (L-X2 - D-X3)n - (L—Yl -D-Yz)m -L-Y; IVa
5 or
L-X, — (D-X2 - L-X3)n - (D-Yl -L-Yz)m - D-Y3 IVb
10 wherein:

n is an integer ranging from 0 to 4;

m is an integer ranging from 1 to 7;

Xj, X3 and X3 are each a separate a polar amino acid;

Y1, Y; and Y; are each a separate nonpolar amino acid; and
15 wherein the cyclic peptide has an even number of from four to about

sixteen alternating D- and L-a amino acids.

167. The peptide of any one of claims 134, 161 or 162, wherein the peptide

has an amino acid sequence of formula Va or Va:

20
D-X; -L-X; - (D-Y) - L-‘?)q or L-X; - D-)fz - (L-Y -D-Y)),

Va Vb
25 wherein:

q is an integer ranging from 2 to 7;
X1 and X are separately polar amino acids;

Y and Y are separately nonpolar amino acids.

30 168. The peptide of claim 134, wherein the amino acid sequence comprises
any one of SEQ ID NO:8, 9, 12, 17, 18, 26, 29, 47-52, 61, 63, 67, 68, 72-
77, 84, 85, 87-89, 91-93, 100, 102, 107, 111, 112, 119, 125 or 139.

169. The pharmaceutical composition of any of claims 1, 33 or 34, wherein

35 the animal is a human.
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170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

The pharmaceutical composition of any of claims 1, 33 or 34, wherein

the animal is a farm animal.

The pharmaceutical composition of any of claims 1, 33 or 34, wherein

the animal is a domestic animal.

The pharmaceutical composition of claim 42, wherein the animal is a

human.

The pharmaceutical composition of claim 42, wherein the animal is a

farm animal.

The pharmaceutical composition of claim 42, wherein the animal is a

domestic animal.

The method of claim 63, wherein the animal is a human.

The method of claim 63, wherein the animal is a farm animal.

The method of claim 63, wherein the animal is a domestic animal.

The peptide of any of claims 134, 161 or 162 that is substantially non-

toxic in mammals.

The peptide of any of claim 134, 161 or 162 that is substantially non-

toxic in humans.
The peptide of any of claims 134, 161 or 162 that is substantially non-

toxic in a target animal in which the peptide is intended for use to treat or

prevent a microbial infection.
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