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Polymyxins are a group of closely related antibiotic
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3 Polymyxins consist of a cyclic heptapeptide
art and a linear part consisting of a tripeptide portion

WO 2ERY E*hydrophobic fatty acid tail linked to the BCEFHingsH1

group of the N-terminal amino acid residue of the
tripeptide and may be represented by the general
formula; 5 aiR7 - (S)R8 (4)129 (10410 \/ (4)R4
(3)113THADT TR AR AsiPeR IR G repiigierst thnces pro-
e ST Baen &R i rielmIR@ aRd Gleted tivganisms. These cafi
oniG KPS BESTRHE A G Bt tisies PP aeprosegits thiebout 1000,
PO A B B R BS I 1Bt il ifdcatetdidh erdiartinor e. they are
gk 81150kt @Mineae Assidaeai Tbeacit restaivkiaifdiespecially of-
fectiyiRaptigkGram-neogtve brstkrinsirh grotsprietitid esithel other spe-
CleSt B GRS TSRS BN B A AR B 1 ACBB PR h @k, and ofh-
ers. g Wive polyaing, IRt R anerTe (Gtanm ietialiddihhotoxic-
ity aadfiffy i TResn dolsa tidraim k07O bp abyyiesic agents
becaiize soNmaRltamdcdinssess 15 five (5) positive
chard®@mivithstfievexeesptiored frp tly rmpdpyDhf Bean@ Srfections
caushiesh thrssseasiefiou byt ppesitive thargesy, ltanows e largely
abantistied thatenTOuifrerpodymyisterthasiack sheptalty 36i6 devei.
?pecb él—FleFE?W% ferosney R nRidikavesphie MQMQaﬁve bacte-
na hgd Sieipesiiiarigbenheapcoin pased poihgxmatusahe last resort, in
spiters Kpeitysiviisytirey dervedofbmeduediothBidies have already lost
their gfigativocgrcaprist taaitdidesmingisr ofctbadRriMALVBe use of po-
lymyxipsceaelasgly iMoesere. 20ample, such a derivative of
polyrigodniBipr petkymye nee0airi 85:5i X8RS N inerapautic
arsenghcaifosdn totato their toxtdng, cHNiGaHYHAEE LAY NI ystomic
(i-e. Boarrbips]lywayxin Eodliffer, feagene asitiathie ol Hefis of e
threaferdiguiaidRBnw/nickes B-plepylAdaBshl QEEAMNE P ps, aeruginosa
and A dhymmgmin 8 asitkDoledsedj@EIe Ve RO NI ia.
WO 2008/017734PCT/F120071050441 4 Also
circulin A and B are classified as polymyxins (Storm
et at 1977). They differ from other polymyxins only in
caning isoleucyl residue in the position R7 whereas
other polymyxins have either threonyl or leucyl
residue in the said position. For an overview of the
structures of some polymyxins, see 5 Table 1. Table
1 The structure of selected polymyxins and
octapeptin as well as selected derivatives thereof
Compound R(FO) RI R2 R3



5

10

18

20

PA R6 R6 RI RI Ba RIO Darwin 8 MO(Hbin Dab.- Thr-
Dab- 'Dab- Dab- D Pile- Lew Dab Data "lir Calatin

b
W 2 plilyfhyain 0) NODS- Thn Dab- tab- Dab- D EgHf2meseus

Lau- Dab Dab lair

3

Polymyxing consist of 2 cyclic heptapeptide part and & linear part
consisting of a ripeptide portion and a hydrophobic fatty acid tail linked o the
a~-smine group of the N-amminal amino acid residue of the iripeptide and may
be represented by the general formuia:

mR7  — @RE
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whereint R1-R3 represent the tripeptide side chain portion; R4-R10
the heptapeptide ring portion and R(FA) represenis the hydrophobic fatty acid
tail linked to the a-amino group of the N-terminal amino acid residue of the
tripeptide.

The palymyxin group includes the following polymyxins: A1, A2, B1-
B6, C, D1, D2, E1, E2, F, K1, K2, M, P1, P2, 8, and T (Storm ef al. 1977: Srini-
vasa and Ramachandran 1979). All polymyxins are polveationic and possess
five {5) positive charges, with the exception of polymyxin D, F, and 8 which
possess four (4) positive charges. I should be noted that modified polymyxins
that lack the fatty acid part R(FA) but carry R1-R10 have one additional posi-
tive chargs when compared fo the natural polymyxins they derived from, due io
the free o-amino group in the N-terminus of the derivative. Accordingly, for ex-
ample, such a derivative of polymyxin B or polymyxin E carries six (8} positive
charges in total.

The clinically used polymyxin B and polymyxin E differ from each
other only in the residue RS, wiich is D-phenylalanyl residus in polymyxin B
and D-eucyl residue in polymyxin E.
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Also cireulin A and B are classified as polymyxins {Storm of al
1977). They differ from other polymyxins only in carring isvlsucyl residue in the
position RY whereas other polymyxins have either threonyl or leuoyt residue in
the said position. For an overview of the structures of some polymyxins, see
5 Table 1.

Table 1
The structure of selecied polymyxins and octapeptin as well as selected de-
rivatives thereof

Compound R{FA) ®i ] 3 R4 ke [ RY {3 ] RID
Polynryzin & MO Db - Dab- “Dah- Db bPhe  Leus P Dak: “Thr
Golistin {polymyxin §) O Disls- Thi Dab- “Dkh- Dai- Blee  Leu- Dak Bab “The
Lolistin sulphomethars MO A sm-treb- The sm-af- “Dak- 7 Sm-Dap- D e Ly sm-Dak- an--Dak- “Thr
Palymyxin A HMOH)A- Dab- Thiw D Dap- “Dah- Dag- D Eeu- Thr- Dty Dab “The
Polymyxin M MOA Dabe Tie- Dab- “Dab- Dab- Drew  Thr iab it *Thr
Polymyxin b BAD M)A Dk Thr- It Bap- *Dak- Diab- 0 Lt~ The- bab Dab *Thr
Circulin A BACA Dty The- Bab- “Dabr Dsb- 0 Liel Hg-~ Deh Daty =Tar
Betapeptin A OHERDA — -~ Bab- “Dab- Dab- FLRECTH Leur Dty Dab *Thr
Deacyleuatistin {PACY Dab- T~ Dalr *Dabn Lot~ B Leg- JE-5 0 Bal Dty *Thr
Podyeryxin E nchapeptide (PREN) The Bak~ *Tahe Dab- D Pha- Lo Dah Dah °Thr
Deacyipolymyxin B {DAPH} Bab- Thr- Bab- Dy Db DPhe  Lew DBwn oab o
Polymyrin B plide {FEBN} The Db “Dat- Dab- DPhg-  Lou- Bab Dak *Thr
Poiymyin B octapeptids (PMBO) Dah- “Dab Babe DPhe- RBale bab Dty Tt
Pafywyein B heptapeptide (PRHP) ‘Pab- Dabe D Phe- £au- Blah Dab *Yhe
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Polymyxin B is represented by the following formula;
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Commercially available polymyxin B is a mixture, where R-FA is
predominantly 6-methyloctanoyl (6-MOA, in polymyxin B1) but may also be a
related falty acyl such as g-methylhaptanoy! (8-MHA, in polymyxin B2), oc-
tanoyl (in polymyxin B3), or heptanoyi {polymyxin B4) (Sakura ef al. 2004} ARt
these variants are equaily potent against Gram-negatives such as E. colf {Sa-
kura et al. 2004). Quite analogously, in polymyxin E1 (colistin A) and in circulin
A the R-FA is 6-MOA and in polymyxin E2 {colistin B) and in circulin B the R-
FA e 6-MHA. Numerous ressarchers have attached various hydrophobic moie-
ties including various fatty acyl residues to the N-terminus of polymyxin deriva-
tives and analogues and have shown that the resulting derivatives have potent
antibacterial activity (Chihara ef al. 1973, Sakura ef al. 2004 and in US patent
publication 2006004185. Even the derivative that carries the buliy hydrophabic
9-fluorenylmethoxycarbony! residue as the R-FA is almost as potent as po-
lymyxin B in inhibiting the growth of £, colf and other Gram-negative bacteria
(Tsubery of al. 2001).

For biological activity the heptapeptide ring structure is essential
(Storm ef al. 1997). A derivaiive with an octapeptide ring is significantly less
active as an antibictic,
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Muitiple modifications of polymyxins and multiple polymyxin-like
synthetic molecules have been made, and with certain limits they have pre-
served their biclological activity. The modifications comprise but are not lmited
to those in the side chain, as well 2s molecules in which an inherent hydropho-
bic amino acid residue (such as DPhe or Leu) has been replaced with another
hydrophobic amino acld residue or in which the cationic Dab has been re-
placed with another cationic amino acyl residue, such as Lys, Arg, or ornithine
residue (Storm ef al. 1987, Tsubery of al. 2000a, Tsubery of al. 2002, US pat-
ent publication 2004082505, Sakura ef al, 2004, US patent publication
2006004185).

Other modifications that result in microbiologically at least partially
active compounds comprise but are not limited 1o alkanoyl esters where the
OH-groups of the threonyl residues form esters with alkanoyls such as propio-
nyl and butyryl (US Patent 3,450,687).

Octapeptins are otherwise identical to polymyxin E {colistin) but
have a covalent bond instead of the residues R1-R2 {Table 1). In this inven-
tion, the R positions are numbered according to those in the natural polymyx-
ins and thus the anly amino acyl residue in the side chair of octapepiins is de-
fired as R3. Accordingly, octapeptins are cctapeptides whereas all natural po-
lymyxine are decapeptides, and they possess only four (4) positive charges.
The R-FA residues among various octapeptins (A1, A2, A3, B1, B2, B3, C1)
include the following: 3- -OH-8-methyidecancic acid, 3-OH- -8-methyinonanoic
acid, and B-OH-6-methyicctancic acid. Derivatives that possess a fatty acyl
residue with 6 to 18 carbon atoms have a potent antibacterial aclivity against
E. coli (Storm et al. 1877).

The first target of polymyxins in Gram-negative bacteria Is their
outer membrane {OM) that is an effective permeability barrier against many
noxious agents including large {Mw more than 700 d} antibictics as well as hy-
drophobic antibiotics. By binding to the lipopolysaccharide (LFS) molecules
exposed on the outer surface of the OM, polymyxins damage the structure and
function of the OM and, as a result, permeabilize (i.e. make permeable) the
OM to polymyxin Hself, 25 well as to many other noxious agents {Nikaido and
Vaara 1985, Vaara 1992, Nikaido 2003). The final and lethal target (the bacte-
ricidal target) of polymyxins is believed fo be the cytoplasmic membrane (the
inner membrane) of bacteria.
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Numerous efforts have been made to reduce the toudicity of polymye
ins. The treatment of polymyxin E {colistin} with formaldehyde and sodium bi-
sulfite yields colisiin sulphomethate, in which the free amino groups of the five
diaminobutyric acid residues have partially been substituted by sulphomethyl
groups (Table 1). The preparations consist of undefined raixtures of the mono-,
di-, iti~, tefra-, and penta-substituted compounds. The sulphomethylated prepa-
rations, when freshly dissoived in water, inftially lack both the antibacterial ac-
tivity and foxicity of the parent molecule, but when the compounds start de-
composing in the solution, in the blood or in the tissues to vield iess substifuted
derivatives and free colistin, both the antibacterial activity and the toxicity are
partially brought back. Furthermore, the degree of initial sulphomethylation ap-
parently varies between the commercially available pharmaceutical prepara-
tions. Many other ways io block all the free amino groups have been pub-
lished. Examples comprise but are not limited to the formation of unstable Shiff
bases with amino acids (Storm ef al. 1977).

Polymyxin E nonapepfide (PMEN, colistin nonapeptide, Table 1),
obtained by ireating polymyxin E enzymatically and lacking the R-FA and R1,
was shown in 1973 to be less toxic than the parent compound in acute toxicity
assay (immediate death presumably due to direct neuromuscular blockade) in
mice (Chihara et al. 1973). However, it also lacked the antibacterial activity, as
measured as its ability to inhibl bacterial growth (Chirara of al. 1973).

Vaara and Vaara, on the other hand, showed, that polymyxin B
nonapeptide (PMBN, Table 1) refains the ability fo permeabliize the OM of
Gram-negative bacteria (Vaara and Vaara 1983a.b,c; US Patent 4,510,132,
Vaara 1992). Accordingly, even though it lacks the direct antibactarial aciivity
(i.e. the abifity to inhibit bacterial growth), it is able to sensitize (i.e. make sensi-
tive or, as also termed, make susceplible} the bacteria to many antibacterial
agents such as hydrophobic antibiotics as well as large antibiotics and some
other noxious agents.

PMBN also sensitizes bacteria to the bactericidai activity of the hu-
man complement system, present in fresh human serum as a firsiHine defence
system against invaders (Vaara and Vaara 1983a, Vaara ef al. 1984, Vaara
1882). Furthermare, it sensitizes the bacteria to the joint bactericidal activity of
serum complement and human polymorphonuclear white cells {Rose ef afl
1598).
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PMBN resembles PMEN in being less foxic in the acute foxicity as-

say in mice than unmodified polymyxins, In further xicological assays, sey-
eral criteria proved PBMN fo be less foxic than its parent compound, but this
polymyxin derivative was still judged to be foo nephrotoxic for clinical use
{Vaara 1982},

PMBN carries five (5) positive charges. Subsequent studies re-
vealed, quite expectediy, that PMEN, also carrying five (5} positive charges as
well as deacylpolymyxin B and deacylpolymyxin E, both carrying six {6} posi-
tive charges are potent agenis o sensifize bacteris to other antibictics {Vii-
janen et al, 1891, Vaara 1992). In addition, it has been shown that & structus-
ally further reduced derivative polymyxin B octapeptide (PMBO) retains a very
effective permeabilizing activity while polymyxin B heptapeptide {PMBH) is less
active (Kimura ef al. 1892). PMBN, PMEN and PMBO have five (5) positive
charges while PMBH has only four (4) positive charges. This difference may
explain the weaker activity of PMBH,

The group of Ofek, Tsubeary and Friedkin recently described po-
lymyxin-like peptides that were linked fo chemotactic peptides, such as TMLF,
that atfract polymorphonuciear leucocytes (US patent publication 2004082505,
Tsubery ef al. 2005), They described peptides MLF-PMBN, MLF-PMBN,
MLF-PMEN, TMLF-PMBO and MLF-PMBO, all carrying four (4) positive
charges, that sensitize Gram-negative bacteria fo antibiotics, even though no
comparative studies with increasing concentrations of the compounds were
published (Tsubery ef al. 2005),

in order fo study the struciures and functional properties of palymyx-
ins, a few works have disclosed, among other compounds, polymyxin detiva-
tives having less than four (4) positive charges.

Teuber (1970) has described the treatment of polymyxin B with ace-
tic anhydride that yields a preparation coniaining polymyxin B as well as is
mono-, di-, &k, tetra-, and perta-N-acetylated forms. Teuber alsc separaied
each group and nonquantitatively reported using an agar diffusion assay that
penta-acetylated and fetra-acetylated forms lacked the ability to halt the growth
of Salmonella typhimurium, whereas di- and monoacetylated forms did have
such ability. Triacetylated form had some ability.

Srinivasa and Ramachandran {1978} isolated pariially formylated
polymyxin B derivatives and showed that a diformyl derivative as well as a tri-
formyi derivative inhibited the growth of Pseudomonas aeruginosa. They did
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chialg&s-are’poteAtarRertyiBPSRbisRIZE LRttt eeRidts: and
otRérarticidtRsiqvEly FoYaliiepdatety. 399 pr \#kdrgesidue, or a
hydrophgigg phiggpeatitition, it has been shown that a structur-
allyifuitheraesiuibetRderivativerpohprimgikiferBylated when R{FA)-
R‘i—R2~Rﬁmp@mt%tbpm®)n@yaiy}@@\@¢y dffectand R4 is not directly
linked tperrmeabitizing adkvitfyiviiilecpuiyimigxim Mitive polymyxin B ring
structurdieptapeptide (PMBH) is less active (Kimura at at
198»yeiP MBN aRME hcandsMMB Qelsaveditel (5 that the total
number pOitiliee chabergeshwdnilegkeM BiHihasarlywfowu{4d more than
three, afRDBikiugChargesoiistdifferesacimeay lde exalapdithe, R(FA)-
R1-R2-Re@de macsbdyOive MBdreby said Jdiengrauprab@iak
Tsubery and Friedkin recently described
polymyxin-like peptides that were linked to
chemotactic peptides, such as fMLF, that attract
polymorphonuclear leucocytes (US patent publication
2004082505, Tsubery at at 2005). They described
peptides fMLF-PMBN, MLF-PMBN, 20 fMLF-PMEN,
fMLF-PMBO and MLF-PMBO, all carrying four (4)
positive charges, that sensitize Gram-negative
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penta-acetylated and tetra-acetylated forms lacked
the ability to halt the growth of Salmonella
typhimurium, whereas di- and monoacetylated forms
did have such ability. Triagetylated form had some

possess@ilf¥ivacterial  aekltvasgREd B@a@%@?ﬁ%raﬁh@e%ZS)andlor
posseSSQQQtQQII%Bt@M:J% f@bé!ﬁtﬁé’g%m}a{é@y X Bhtibacterial agents;

derivatives.ansshowed.hal afipmylderyative as

well gs g i formtdesivative inBikited thegrouah,of oroduct
comprssnigs% 9%9@%?;@5358%8%@ JB@%QA%&QN disclose

anti IEEE (9 %é.]descﬁaw&xrtég %}?Q%QE? Zﬁ%i%%%s%cal composition
;‘;:;::;@gf it s e

5 L[%ei’eés %rc)\.'lldfaeéls the & f(?[e ggalrnvoa %Ousp dsefmed

above or g Coéns?éréniéjaﬁwﬁl e? e%\éeelré%ennaagu gture o Ee@eak;c ment for
n%?’u%‘i cﬁused y a Gram-

veatng, Al Gl of SUEIAATE G RIS
negative RiEMea and Ramachandran, 1980a).

sH%ﬁéﬁ%ﬁsﬁ%‘fﬁr F?SSHF@"%‘?R?atﬂ%%?c‘i%%‘;‘?f%’SWW%uﬁﬁe"“"e
amount Sf e a2 BicEEd 1) Baktliretdgeve or a
combina 'zoea)ﬂew akeyerm N8R e e oy PrisalBes 1S TResiizing
Gram- ”%af@?nﬂ?ﬁﬁ%“éftfhé“régﬁﬁétﬁ@‘o?% ﬁél’i’nﬁ?ﬁi?ﬁ@em is to be
administhegtapeyitaYesUIRTHANEBYRY ol MaDRTEPBIHISAr&8ective
amount gB53ishAMRECHEGES M Sakura et al. found that octanoyl

polymyih Bsbroptélsepirderaviditsitd thethgroletrfiereloping novel
antibiotidsenoreriéion eagtepy ety Hitpividon eentrai oal(TRen o octapeptin
compousty/en B, dgtiaitvadhgreobtheinderitpiaive <t dphpagitive charges; b)
substitutpgtémoyl ol myikireBeatrageptider ark goRiiveytharges with a
residue polyaaygia Beioaapepeide Wbt desalang ol tlesigesnerating
a derivai{4g afenenyipotentaytricroihibicbactenmb erowtssaying
said detl@tpatentpablicatiorn 2006604 185iviecentingisetasegative
bacteria CeTtisdzipalyyedside brativegand iatermediatasithét; and d)
selectinCatbgoused tnsygthesizetae papiigdeagatibiotican-negative
bacteria, | fiet@Ntibagtesiat eampounts daseribeddpossessadtibacterial
agent, four (4) or five (5) positive charges. There is

still anskgenbHred ierelfertive:trartnoenss &iucing toxicity of
natural JORGIGHA BHESHANS ot PrRttigsHasRE thad RfasH®BSMprising the
steps of?aéalﬁﬁgvtaiyn@hlmﬁﬁﬁﬁﬂﬁmj@ﬁm,'%ﬁﬁém%@aﬁ&?f@ir derivative
thereof, REMMARY: dadn-2elipatiaapectidherns ispavidgdiam 1 1o 4
reSIduesp@JW%hger'm\éepgétm@ W@M@”ﬁq@swe not having a
positive W&Q'%Mth&zﬁ%ﬁ%%g %%@ﬁ%tﬁ&@derwaﬁve of a
poiymyxrﬁpgﬁﬁgu r@dﬂ'gp?:%%'gt (@%tqdwlges E%ﬁﬁgﬂng the

Is an amino acid residue comprising a functional
S|de chain able to cyclicize said derivative; R6 is an
optionally substituted hydrophobic amino acid
residue; R7 is an optionally substituted hydrophobic
amino acid residue or threonine R5, R8 and R9 are
cationic or neutral amino acid residues; R10is
Leu, Thr or any non-hydrophobic amino acid residue;
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In a fifth aspect, there is provided the use of a
therapeutically effective amount of said antibacterial
agent and a derivative as defined above or a
combination as defined ajgve in the manufacture of a

compodMETIGAMAALRY smﬁlmnqﬁga{n BRIAS DI Biccting
compolggs%g%egr%g '%L%% ura pq % L}(i: ?:eeg él o i th a
!FQ Qﬁ het% g % ?%er rov defssalra XW ‘ Ymg the

oharm agh;ra eutlca If( antl bac

“41% g'r rh]m xms oc aﬁ?gdw% and their
de”vat've% Sa fore%)v i"Sm%vefjan? %lotocs 80%%‘??@% a natural
pofymy l 0%’ C %%4 L or a HSI.‘U?Q{ rﬁﬁ’{/ﬂﬁ"@? a %tai of 4 fo
° "‘f““"@ C“aaqﬁe%n 55853}%? oy aé?.éa&?\?@%ﬁ%@w WaRifr more
postive SRS b BUifIve KA Goo ) & bRty Hiopovalen
bond. BPRPY SEERRS %zﬁ?ﬁ&ﬁﬁ%’%ﬁ%"ﬁ?r’r@f&ﬁi‘?éii.‘*(?e%ﬁ@?@egmerem
sl IRy AP PAETIR R Y RAPARE S SRS &' ervifegsdoe whTal fe: or
lower susGERIRINY iR, RGBS Gemehsift a e rmaitivepepsituents,
s comR3Id g U EEIBERIRY H4ving 2 or 3 positive charges;

c) ‘A<SAPIRGPaRY Herr/atRiavismiese For derilatictasalefined
above g frRPARfamStaidETeePatire Bine tinierithinadility Gram-
negativgpagpiddtire Gharh-iriyasvedshetisria compieaetibiotient in the
serum. and d) selecting compounds having antibacterial

acthvitieaib apscGiarn -negadiee Bacterial oidhetalbiktydefined
above in¢he arsitiaci Grahmedigatire halcteliig tofations caused by Gram-
negativegdragtsaieterial agent. In a seventh aspect, there

is {orevidied:ntie trepecfotheael iscimgyited aity ofanaturakrivative as
defined polymfxingeoctapeptins ahd thedidervativessBaigng Gram-
negativerhateoa appimprisingctheaisigpssof: a) providing a

naturak@ohyamednsicaciopeptiastan ttheis deruaives defined
above fthefeofmdraviogra igtal efediden@NOoRitiversRArges AN negative
bacteria StIBSHEUHEGHO AN eSIHIRSRASREBG ANG:QE/MRre

pasitiveiehatgesyih adesilyp N aVIRAARPRS TG aring a
polymyxBNasaRtiQs WitheheeValert hane; %%byoﬂﬁrﬁ@tm&ﬁymg a
natural SIESIMEEYE O ADANY BLEAIRMPRHRE RAVING Rlatve thereof
having 4R0SitEIRRRISR e FABRAT MJBQCI%F LRMRPUNGS sidues by
neutral r¥étAAB1R Q%MQ%%&”&&M&% 82 oP0Eh dsiques into
neutral @Jﬁ@&'%&%ﬁ@%@ﬂ%% ﬁnlgg’ﬁ\r&?}é F%ﬁﬂéaw%% defined
above, h.g%rﬂx%l@ﬁosmvely c“ér@gdq QSpeCt there IS

Drﬁ%@%@&&&%@%r@e\% Qying D@E é‘?}\"f‘a 85'“ 8Cin the
total nu%&%rﬁb%ﬁmg Cﬂgrg’é pp?] Jg%(?'inaﬁ p(l)-F agtq aﬁ,t %workut ne rore
than thre@}%rﬂg&g\é%l}{seo hg?}@ g}%t %are n?%”&\'?g ate%%eﬂ R(FA)-
R1-R2- R% C(%)S %quw gelpolf myPo é{m Xm 9L

H"l an
compound, or a tive thereo avmg a total of 4
to 6 positlve charges; b) substituting from 1 to 4
residues carrying one or more positive charges with a
residue not having a positive charge, or with a
covalent bond, thereby generating a derivative having
2 or 3 positive charges; wherein said improved

pharmacokinetic properties consist of prolonged
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"Amino acid residue” as used herein refers to any
natural, non-natural or modified amino acid residue,
either in L- or O-configuration. "Equivalent
residues" as used herein d§ intended to include

ot dl.»gémf/'w&emglfg%?aﬁaeas AR i ZATINRACES, [OSHNG e
polymyxﬂl %%é‘?t?ﬂé rg rﬁllg]r(e) 9?‘ %cr Oi{ tg-nvarlttalé/ee ? 52@( F B E%‘t {
denvatwgt%lnre]a'rn%tng F?‘H) se{eq ﬁ 9 unc Ona OS‘{re *'?a o

con

iD NO:s
6.6, pil eraﬁf?&cﬁ resid |d atu ra xmfss) RN

F rr$ reio%Lsetalg)oQ/ Q/xmsc%nd C|rtcoulln{s . e o
ore OfP%gm yxin Ngglvgtlve P fet S IO A 'E)Br%%‘gb grerre :
pha{mace zlcasure ois ARRRIG  Be Hifs ifERC dissivatRednst o 2
i AP SR Al & ot

o R R e BRI RIS RAE FirsdFjbrtion

R4-R10 and a side chain linked to the N-terminal

aminoacyl residue R4. The side chain may consist of

an R(FA)-triaminoacyl(R1-R3), an

R(FA)-diaminoacyl(R2-R3), an R(FA)-

monoamino-acyl(R3), or of R(FA) alone.

"Compounds" as used herein include all

stereochemical isomers of said compound.

"Sensitizing activity" or "ability to sensitize" as used

herein is intended to include any ability to increase

the sensitivity, make sensitive or make susceptible a

bacterium to an antibacterial agent. Abbreviations

Fatty acids: FA, fatty acyl residue; 6-MOA and MOA,

6-methyloctanoyl residue; 6-MHA and MHA,

6-methylheptanoyl residue; MO(H)A, the mixture WO

2008/017734PCT/FI2007/050441 12 of

6-methyloctanoyl, 6-methylheptanoyl and related fatty

ac yl residues occurring in polymyxin B; OHMDA,

3-0H-8-methyldecanoic acid; Amino acids:

Dab, a,y-diamino-n-butyryl residue; Cab,

N-y-formyldiamino-n-butyryl residue; acDab,

N-y-acetyldiamino-n-butyryl residue; Abu, a- 5

aminobutyryl residue; Thr, threonyl residue; Ser,

serinyl residue; Phe, phenylalanyl residue; Leu, leucyl

residue; lle, isoleucyl residue; Ala, alanyl residue;

sm-Dab, y-sulphomethylated a,y-diamino-n-butyryl

residue, One-letter codes for modified amino acyl

residues: X, Dab; Z, Abu; B, N-y-Dab; J, N-y-acDab.

Peptides: DAPB, deacylpolymyxin B; DAC,

deacylcolistin; PMBN, 10 polymyxin B nonapeptide;

PMEN, polymyxin E nonapeptide; PMBO, polymyxin

B octapeptide; PMHP, polymyxin B heptapeptide.

Other: cy, cyclo (to denote the cyclic part of the

peptide, enclosed within brackets); f, formyl; ac,

acetyl; LPS, lipopolysaccharide; OM, outer

membrane; CFU, colony forming unit. The symbol * is

1A Aaraim +A mvacdarvls +lhA s 160 Aiiace iAatinriasamrm wardlhiAlL



416(9)09 (5)R5(19)010 N/ (4)R4 (3)7 na2 R(FA) ()
wherein R1, R2 and R3 may be absent; and
wherein the total number of free, unsubstituted
cationic charges in the coygpound is at least two (2)

FaRCLARes Nl excend JeR (3)rQLaPRAMASEIIGA Y cating,
ailevzatn%‘:%?%glgrgtﬁw% tQ#rg%f tp];Q'ﬂ; %t%gllv%gg( r’gg@gg@ n% Gram-
negative %@@ﬁmn&nﬁ% F 1“2; I§d§s E%%ﬂy OC Q@r}(a) I%u ca (a Mive dmount
of a deﬁvgﬂ% <¥r QecB Ocjigon ace %‘dl :%C ar‘ens%ﬂ sufe to said

individu \%‘Eggo'%aal 'bdc OnanOIC Clseiect rom { egogg c%l;]lsns(t:mg of:

Eschenc ?I ’ lf ﬁrg?]ta IC a n0| (ﬁ—ﬁf—’?{gﬂc oxgtoca gnferobacter
coce LSO aﬁ‘n%’i%b’é%ﬁd”é%”os B laceactr
baumanﬁerlvatlves that have antlbacterlal activity |nclude 15
thESE AR [ BREARGGHC e o2 7o
s, Sl 0SS0 Y iy it GRVEAFS S8, omorene
adminis{glng, SEPHGRH T 19 &ﬁﬂ%@%m&y SElefs As'liggpeuticall
effective, @qgaﬂtc}@%qgtsp@ti@a* néarb%a eﬂvatsvelﬁcaordmg to the
present 8&&93%%%%%@ @YH@EP@%@&?%U@W%SWWW the
group SoRNPHY afly RYEYBRRGTIC RAT) At fesrAGRCAMENsand  other
macroliggpef&p by SedbtaFnPite YreueomRPOSRtiAgeaPoramins,
rifampin o GARGYY, dEeTiey RRRAPE I FAMSiiEudesidic acidy mupirocin,
oxazolidinapesn StV thdalevanaly. rézieBreiscoyitdyencin and other
glycopegiijeivalivinirdf thesayireferedhytirophddieckR(e Aprivatives,
betalactzmsieftieioligphichvphigibhersalwotetdirfsorieltte grotgsis inhibitors,
deformyigengiktitgsobedgacieyhreiduesisintivissan optionally
substitateddatkydraM@thods for developing novel antibiotics; for
reducing?0@ &8 /S 4RCTE/ B dROOXO St ridsresiduer agrivatives; for
improvingphiopizdhnsedistitittedpeoakkyl resieu i opt @aabyotins and
their dersatdstitutedi ¢ \elostkyb resicie jrar optianatiyregative bacteria to
a host dsuhstituiedatkecyhsesidueyasnoptionadysubstituted
cyriealikeayl srsisiues ancoptioallysuhstiwashard derivative
accordintEBithe@ranrppiionally subStHAReHRRLeN0AEMERRIAUS: treating
infection@Nc@iiéanally substidytack helekeey clicckesiy D eYerichia cofi
Klebsiel/REQIR-sAE] Nesidiies prefarabhybave-moreiban e bacter
freundii, (Bs6AIEAPHBLOMF.BNEWhEI@ I IR SHRSIHULIONSRY for the
manufac®lRO INGlUERIhaRS: 0Bt RBA-He taRad hetve endbe, against
antibact@eYhsesiduaABtheNHe BRinuR fithe RERNAE A REEAL fence
mechaniBPYeRISORE 3 3U&E M AfAbydrophobic oligopeptide.
Exanplanoh ResSIERIEA)LRaIdYeS INRIUGE UL ing -
po[ymyxmo&ellli'\nxlﬁgg JQQOQ&FEQQXLE%Q%PX&&%Q&%”Myrlimng modifying

decency!, iso- 10 decanoyl, undecanoyl, dodecanoyl,
tetradecanoyl, cyclohexyl, cycloheptanoyl,
cyclooctanoyl, cydononanoyl, cycloisononanoyl,
cyclodecanoyl, cydoisodecanoyl, cycloundecanoyl,
cyclododecanoyl, cyclotetradecanoyl, hexyl,
heptanoyl, and 9-fluorenylmethoxycarbonyl residues.
In natural polymyxins and octapeptins, R1 is Dab or
absent (i.e. re-15 placed by a covalent bond).
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10 acid, N-(4-aminobutyl)glycine, a-aminobutyric
acid, y-aminobutyric acid, aamino-caproic acid,
aminocyclopropanecarboxylate, aminoisobutyric acid,
aminonorbornylcarboxylatg, a-amino-n-valeric acid,

natural @!Q@Hiﬂ@mé\'%{rm%my@r%@&%u@%BW mie 7 a derivative thersof
having ﬁf@@ﬁ%&ﬁ%@%&@eﬂ%@éﬁﬂ& &F}Qp pge '!‘1%3,&9 %g?:? ressdtu:se;y
neuiral Ms@geé:@tr Q%Q@X!@%hymy&”ﬂ converting 1 {o 4 of said residues inio
neutral Mé@%@@r@%@tm’&gyﬁwﬁmi o2 8 QJM?;PMJ having 2

or 3 poskRdARNIABINGIRYElOPropane, cystelne,
Na-methyldiamino-n-butyric acid, Nr

Definitigestyldiamino-n-butyric acid,

Nrfeipapldisiaipa: rdudytieadidefers to a pH value of more than
7.0 andN\eetmyddiartine r-butyHtacicdhe range of from 7.1 o 7.5, for
exampleNa(iNe 22hghiphenylethyl Jcarbamylmethyl-glycine,

N-{P¢SiBadipgiaarsy | propydd caslsammdmethydétlglyciages at the
above-dN[u{8i3ptiyplienighddpyl) glycine, glutamic acid,

glUtatiene nyhecine 2t loerytl ghyeinefers to a molecule that contains
one or nuigrpdaitva-aemsidinobutyric 20 acid,

N-{Sriwearidirgsipropyd gbpdinerchistiein, any natural, non-natural
or modifieqpipiFh eriflEkifincs iy desmoBinevigoiotine,

letefaiRpirlesigise, Ay dreSyYIFsinelsNineTatsy tdljaiivde obvious
modificqiagip o NeegmatHyth peirsxyRPsiHRS, Nataiethliisisareino acids or
de“"“%%&?ﬂh%r@@%ﬁée N@ﬁ&@yﬁw?fefunc’ﬂonal capacity of the
r"35""’:‘‘3‘9‘3l\’i%51‘t§i°lﬁ’1yIhydoxylysme Nrformyllysine,
, Ne'?\‘i‘é’[ﬁi/lﬁg)d’r’%y%yl%m%s NP STy SHIRES nifetPR&ATRENs and
ciroulins,_ methyl- ramlnobutyrate a-methyl-aminoiso- 25

bufy PR ARSI, CRIFSigRI I R Rt Rt R sipriseure. to
syitei G PETHTT VEIIALYSS S BRAYR PRI orocapeptns, whic
have a GIIC %HkPeﬁ{iﬁ% r{%r ngtg%:eé) %Hﬂ%lﬂ@'on R4-R10 and a side
chain ‘m% A S R IRG RS (PR ATAe! Brrfp fgin mey consi
of on RERE: m*”OﬂCﬁﬁg Hajating! Mf»%wﬁ?a*&%z Broi8, RFA-
momoanﬁw -~8C ﬁFE% ?

¥ 'idasmlno n- ro |on|c

tp ein. inc udg all stereochemical isomers of
Nrac iamino- n pI’OpIOI”IIC acl
said compou]p%r

qz%;h aE‘E‘ﬂQ Qrprgpt o{alge%gjﬂa aﬁ used herein is intended
fo mciu!i\ép atg] pn% naggoiﬂe senﬁ{e mak sensitive or make

susceptt§igQ'B%§Eﬂm’tc§grq'Qﬁtbgggﬁg 8(5 onine, threonine,

tryptophan, tyrosine, nor- valine, and valine. In
Abbrevimianal polymyxins and octapeptins, R4 is Dab.
Exampiassof synthelic dasivativesihathave. 6-methyloctanoyl
residue; 8ntibasteriah activitHiprdpaadhaseuheesin R histidsre
35In a derivative according to the present invention
R4 is an amino acid residue comprising a functional
side chain able to cyclicize the molecule, 16 and may
be selected from the group of equivalent residues
consisting of Lys, hydroxylysine, ornithine, Glu, Asp,
Dab, diaminopropionic acid, Thr, Ser and Cys,
preferably Dab. In natural polymyxins and
octapeptins, R5, R8 and R9 are Dab. 5Examples of
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5 non-hydrophobic amino acid residue, provided that
that the total number of positive charges in said

WO 2FETAtive does not exceed three. Preferably RAQFig7/050441

Thr or Leu. A person skilled in the art may also
recognize the equivalent resiqilée of threonine to be
erine, 10More specifically, préferred residues are

e
?f Cﬁgggﬁ)ﬁ%bﬁ"g‘?ﬁymﬁmﬁ?éﬁwgw%&aﬁe}’h(ﬂsiﬂiues QCCUr-
NG G YERAY Bt S WA RtER Rt R eR@c cotdstitutes
the na’fﬁ}%}%‘ﬂ?ﬁiﬁéﬁ B Sideeheinb e Rsidse) obab, N-y-formyl-
TSR itk &Pt b cektiBy NresRetrisliarion Rt R Gesidus; Abu, a-
fm’é‘8?1”§_¥ﬁi5@§ ’%\“ﬁ;a?f\ieﬁﬁ%‘{’?ﬁﬁ%ﬁﬁus fergsstmt tesielud; e, phenyla-
an gg%%?ff@ pﬁgithﬁ’f‘é”dﬁﬁi’é’%ﬂ‘mésmsvftl'ﬁse‘cm@?:)&iaosiﬂme residue;
SM-ERar e s metRYrier 16 WdsirabbverdarshiedoCaeRHR codes
for qaiRs ¥E R ARl EeriReep Ot RA dh dlox W theTBite cRaHB:Dab.
if presERtIs RN Rrdex3positive o Hakge se@t@icolistin: PMBN,
PolYRRaR PRTAPRP T DMENE schcnoimimopterheidsVRIE ONpolymyxin
B octanapiidre BNBF pesbitivesit A dsgemanginebe located in the
_heptafBptige Ay Sordemtommmd@)ppasitive gERIESSnciosed
wihBPpefochtermif #reptab pidginingpactomnh e beter mem.
brangs izl sl orferpivsitive Ehasgetis 28 teeatediind Ak the ros.
duess hedvepraithidr b bsyppobivechatge BRcRAREaIRs dosed
leavip the Repitispicd e qertienswhile thaemaining
itive charges are located in the side chain.
DET r%é%%f%ﬁﬁggwﬁyﬁi%@ﬁmmrges are -
locatbd3h e heepiaysphidesimyrodimnatireotgiaining at least
 EhibbeRmHR, torsyean/ B3 erstivedigdes titis pressesantibactorial
activity aoAsfrancangglivedeneietiedafraion besgromp aiiity to sensitize
GramiBeRAlIR BadhfefeipnibadRg moseiestetl Somiiitics, semisyn.
theh%?%timp%ngwwwuﬁc agents and host defence factors, such as
ComPReNSer-cy[Dab-Dab-DPhe-Leu-Dab-Dab-Thr-1, i.e.
SEQTI'@ 1Qeyctic; of positive charges may improve the pharmacological
pro Wﬁﬁﬁ_ md@mm@%e ﬂ’d’lﬁf@ﬁiﬁ“@&hﬂ&hﬁrﬂ e h Som pared
to na@@boﬂyrwmsj_qr;d their known derivatives. More specifically, it may
reduce fieliisite yiersindDeip BRI ik BakdRBRIR dniSr reduce
the hg]g@ngimﬁgzz;from the host tissue, exerted by the compounds,
ancior sl eofOstiDipiRPhedkaeDnpRak: Thi bsiiSnger so.
rum hgHi® 1DigNe. sLSsehttiiiy Inr +30nactivation by polyanionic tissue and
pus cpstispi ab-DabsRP e disteBalkdd dyHikhs SRR brevi-
ously fesptidediahd BherBabized derivaiives, such as polymyxin B nonapep-
tide. cy[Dab-Dab-DPhe-Leu-Abu-Dab-Thr-], i.e. SEQ ID
NO. 15; Thr-Abu-cy[Dab-
Dab-DPhe-Leu-Dab-Dab-Leu-], i.e. SEQ ID NO. 16;
Thr-DAla-cy[Dab-Dab- DPhe-Thr-Dab-Dab-Thr-1, i.e.
SEQ ID NO. 17; Thr-Dab-cy[Dab-Dab-DPhe-
Leu-Dab-Abu-Thr-], i.e. SEQ ID NO. 18;
Thr-Abu-cy[Dab-Dab-DLeu-Leu-Dab- 35 Dab-Thr-3,
i.e. SEQ ID NO. 19; :
DAla-DAla-cy[Dab-Dab-Dphe-Leu-Dab-Dab- Thr-1,

A O IDYANIA DN
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20

Dab-Thrl, i.e. 0A-SEQ ID NO. 10;
DA-Thr-DSer-cy[Dab-Dab-DPhe-Leu-Dab- Dab-Thr-],

WO 2§RITHA-SEQ ID NO. 10; PCT/FI2007/050441

OA-Thr-DThr-cy[Dab-Dab-Dphe-Thr-Dab- Dab-Thr-1,

i.e. OA-SEQ ID NO. 11;

OA-Thr-DSer-cy[Dab-Dah-DPHe-Thr-Dab- 35

Dab-The]plesrOAGESR) IN@at3210 a polymyxin dervative which

maDit-FEhisgebiscy] Dalydbab Dphe:keu-Dab- Dab-Thr-],

i.e. DA-SEQ ID NO. 13;

OA-Thr-Abu-cy[Dab-Peb-Dphegkeu-Dab- WO

20081017734PCT/E12007/0504414,19 Dab-Thrl, i.e.

OA-SEQ ID NQgHi3; RS

MHA-Thr-Abu-cy[Dabk-Dab-DPhe-Leu-DabDab-Thr-1,

i.e. MHA-SEQ ID N®¥§3; R0

MHA-Abu-Thr-Abu-cy[Dab-Dab-DPheLeu-Dab-Dab-T

hr-J, i.e. MHA-SEQ ID N&"14;

OA-Thr-Dab-cy[Dab-Dab-ﬁ ; heLeu-Abu-Dab-Thr-],

i.e. OA-SEQ ID NO. 15;

OA-Thr-Abu-cy[Dab-Dabz@Phe- 5

Leu-Dab-Dab-Leu-], i.e. OA-SEQ ID NO. 16;

OA-Thr-DAla-cy[Dab-Dab#PheThr-Dab-Dab-Thrd,

i.e. OA-SEQ ID NO. 17; |

OA-Thr-Dab-cy[Dab-Dab-&P#elLeu-Dab-g)bu-Thr-],

Le, OA-SEQ ID NO. 18;

OA-Tivhebdsuraly palarid a-yese eusRah-Dab-Thr], i.e.

OA-SEQdD tNCotdiFiumber of free, unsubstituted cationic charges in
the @/AvdoviaiDA lescyilaaby RabRBNeL 8RR T Lhama.
ceuticallyCReGERH EriNgre2®; and DA-cy[Dab-Dab-DPhe-

10 Leh-E%&baDM{j’)ﬁrﬂs fe Qeﬁa_@g@s! Q?{N@ 9 ‘6-methyloctancic
acid ARVt eRIABIPLRIS RENPIANSERIRE, heptanoic acid,
nﬂnmﬁmW@S%&%ﬁ%@;&ﬁe&%?m_@}{%ﬂ@%wmh acid, 3-
OH"SE&W%@HB’C%@;%@}*MH*%@Q@EQ%%I—p&r}{&%lm{anoic
acid-ﬁﬂwﬂrﬁ!ageniad@nl mmﬂtm W&WQ@&L%@&E&‘?%@%W@ include
thOSEbWia W(m)sﬁn§]mmﬁ@l$oa@ﬂyt?&%%%ﬂ@' Q’(gfg,ngg—ﬂuomny}_

- methafd=e(RR daBVALMAS SREYRIOMY, N2 ALP Pa%&l\a/lgtc%ﬁas well

as is€ DA GRELAN NN haisame eﬁecp aIthough at a
morexesifLatR L\%X&l:ﬂng o the ; &Eéé“ﬁﬁ&e%%lbﬁﬁﬁnal be any
r%?fgup COfN-

hydropROMEY=8) lRRSlBN0e AL ORIS, PIEISIAR &Jméﬁ)%
srsﬁn@@%m@bg%%%&%@m idgg.heptapep 2}5
portigneaRd Rnsensitizing %v;,géaeﬁty east ane valonts
reseRRSY S AFSIRSAON AP L NS G PESINEL (SO0
groum&ﬁﬁgaépelgpgégq'égi ERtapept %0”2@ ?L%Siitu ad alkyi
Furthermore, the 20 presence of two(ﬁ)yd"ro y groués
in the side chain part significantly enhances the direct
antibacterial activity. The works of Teuber
(1970), Srinivasa and Ramachandran (1980a), and
Sakura et at (2004) disclose, among other polymyxin
derivatives, derivatives having only two (2) or three

IO\ At~ AlhAavrcaAace Lliswarsvrar A AanrntilhAastrAas DE vl



10

15

20

25

30

35

25 sions, the compounds in the present invention
include those that lack the free amino groups in R1

WO MEHHR3, carry them in R5, R8 and R9, and yetGara20070sn441

potent agents against Ps. aeruginosa as well as other

Gram-negative bacteria. A shortened

polymyxin B derivative octand§l polymyxin B
resHuptapapticieivasbuibiedisoloise debi BakbirasBingly substituted
cycitiolesthe attactnmn bdfdhaccciid3Oanayldesidumbaiy sub-
siftiled Mycterirsind seofitheeresithrelR duobithepalymprieBan option-
ally repttipegticiresytssidia, cormypiouat) havdngaaniythieeic rosi-
dus(3Yhpoditisvaidohsidges pSakita let-almios neihnt Staneyh aoms
andpdipreipyie Bubsipidpe piigesisthikiisithrogs@pibaly designed be-
wedyaittesial ovdij.at and/bpy hhighitandr aliniealieimatayanl) also be a
strecioeEentretiohote Sipglepiliovberepsshe Riele R(FA) residues
inclgtier Tvaitise Sstliettaisy cianoyl, polmyxiscR.-asianeRlidioy, iso-
decamgt A5detangy HpalyamyXitPatanie et ycloneptanoyl,
cyclbeoiangyfouyctihangasi(AyaieRuna Rt BlAg SR cycloisode-
candghibjcbaciesinbyr aidabaieyie topl sl et LHSE1 0551, hep-
tanopt, subgesireidAROSAbIrBAREES12007/050441 21

the alnlitytofqeignaypalyRdepBbepianeniige:lRent (i.e. re-
placée Bgitizovhiast Bsial L ERMHNAC R HahAORAISHRHEA e antibac-
teriathatinlongas frsty AskbiaitincrRAsesisantiagterial

activitya@sr&m}uagﬁbm %ﬁ@ﬂ&&@m&i&?f@lr}f o8t may
be pyRAANG WAEREBNCTHRRBRIPAUPIANASIIEW vositive charges
in s§® B@T@@ﬁﬂ% desiveo: 2:ues thl%}é'@gi_tiﬂ&’f AR IALTN )N positive
charpeiskiveR sbacaes shsARdsilt Belng caPalle Weterably Aby, i
prestaibiting the growth of one or more Gram-negative

bactasi ab@m%ﬁr@ms%é%ﬁﬂ;@dﬁ%,%;ﬁ APQ Ebsent (ie. re-
ptacéd rﬁ},’ﬁ'&ﬁﬁ_@Hy &P@CE&Q@L@Q%PI&&&R%@%@' 9%? iUve antibac-
teriaPSUIRBLIRAIRIABEE - JHIR RUSSGPHRLILY PHRAGISHRSO v .
buty@TANSIRAGIRNIRL 8gRNt may be de- 10 termlneJ %y two

micrapiglagica RiRRaR, 4 RBH- LIRS %-lgrﬁ,o S —

may %%%?%H@E@!@Ws%@,‘lﬂh}'\ﬁdgg%ag%?ee d '?ngﬁg éart ?If1 ositive
charBVR RREILITHRIEI0aleH Wit & SRES g‘rciél iaqt ¥ﬂ%§ Aumber of
msﬁﬁ@@%ﬁ&%ﬁ@lh@%@gtdgﬁ ?tlgﬁsé%% ant %x%ggcg Or! aa‘xg iiﬁvrefera—
bly éﬁﬁm?r&% %%aﬁrg@tg&g %&gy‘?h _,%g.nonc h‘}% i\gv Iresent. A
poech SHARERSIRTL 1 BIGB0IOM PG ES(E0, ant I 0

1]
ger. Plates are observed for zones of growth inhibition:.

Sst %EOEQS)DQL} or DSer.

1> THOREAECHIRIRIRE WSl i,Psf%iQ g
Exan%fé%c&%mgyu@&tﬁ _I Vs?fn\{ﬁéi {{ﬁﬁ)\ra 'E!\'? l‘-:T‘ hiay: i rial ac-
tivity FODERIIEG SELRLLIQNS 9 2~ar%§or~%% maf’%lﬂwﬁ elhare

media, then inoculating the orgamsnt baing tadyag actd-

into the tubes. The lowest concentration of drug that
inhibits growth of the bacteria after a suitable period
of incubation is reported as the minimum inhibitory
concentration (MIC). 20Derivatives according to the
present invention may inhibit the growth of or

sensitize to antibacterial agents clinically important

veara moacneativia lhaAcatAaria ~11alh Aac FlaAaceA AlAK AR AN+
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Pharmaceutical compositions include compositions
herein the active ingredients are contained in an

Wi
WO 2008/017734 PCT/RIZ007/050441

amount effective to achieve the intended purpose.

More specifically, a therapeutically effective amount

means an amount of compound effective to treat,

prevent, alleviate or ameliorate symp- 30 toms of

pathdlb8y 8Bttt IHES gt epapidyaniaet Baifigresent
MV REATEY HTATESYoREBIE BETEe  wisike At AppiRealsferositive
chargss ifPRtetht At e dtRtdist. orerstipmtishiior &b total number of
Posifi LABWEE Fa P SHIRERAIEM TSRS frefofitifm andis preferably
selegiad) Z8Mty'® AL Soskitieg M The Bfhof redirieDARCPab and
AbuZOpyesert7734PCT/F12007/050441 23

Compidsitienskirsyribebac sty vropeisses et residues
of thRFfoWFEIthiewiter /. Iy e dits ot comasiagbeiah from a group
consipiRthg! eigselviigerintmgsaleting, ermingnding, acid, a-n-butyric
acid)y NrifritiziprpubReiisfsi gearith et atih grprocesdes: acid, o
arminpIRENsHEp 6f o rwitinatioivrisoderssatientaipoarthieisdutgric  acid,

~ amingheéipmiicstiaigatehoseminemddledcp e asmintical Bl.-methyl-

argiitsmgrositgnec arvisthiespatite s fartmarie dictenegisade, N-(2-
carbgrgidwiiiciase (B-gaibeondehiyiprolong! thaboxy-1(2,2-diphenyl
ethyidreirapeciorrakioet anstorimpBiovaitddaraibiindutyric  acid, N
acetfidisthieprnordyrith eafisim bl etiomSliaveiyccohvgiiie it bad,-methyl-
dismpresontatd aridnit-Gosaginfermebymebhogskingwigdne, N-(N-
3,3-dinbeayipoinph aemaoyinfethal Matgew el Tompesiionsy) alycire,
glutegrge cralin glatatiiespudysinet irveyiiipini - Adnicudeinidinobutyric
acid arg-f3ahniitecbtalythlyses ntaisgiee fordntishednaldsine, isodes-
mosimtr snusteldsponal notdajieahacministsaliomas,ivere, lysine,
N -raghiiiosedybing adipimistgiie < SNa-sHloSHAMWRGOT BSacetyl-
iysinan ihalaiigiagiosed, TheaomppsitionassrskiBoxyviysine, N
methiyifEaMe N QuShifia Usewsaiy-nirapaiitgaral, «-methyl-aminoisc-
butyrateh ctiesigaySio Halsaaaedel | anyspitiatheRalnoreucine, norvaline,
a-mdianenbec ameaiyananiab, O BEaaehilaRe ACHIRAG-omithine,
Ne-misthadatidenacroamismas watinmissthasadatende diQfoxyproline,
prolit€GtihmeK otV agIB AL AR NCRSA) Q5 HIANEGRIMIC acid,
Np-fodeliYia@iye-n-propichiel @ SN RhAGBHNSHAHMBAR- GcBY phos-
phosBEHES 48§R61IPRIBFIKHBRIY IHLEIRBS HOHSHY, tyrosine, nor-
valiné) B 0N&. the compounds according to this invention

as welhag i eAaphieaHeus:AasHRA BRAKCERMHES of syn-
thetid MAMACIRS HAGY Suilaesallidl REGRISHIY VSHin R4 is
Lys. Sterile aqueous solutions, preferably physiologically

compagtigfliies 24ekias 15D SrlAdRERRSLRY is an amino
acid BQHQ@%@@QMHQQ&M&@@M@ %IH%B@"EJ Bficize the molecule,

formulation may also include organic solvents such

as propylene glycol, polyethylene glycol, propylene

glycol or related compounds as well as preservatives

and surfactants. 25Pharmaceutically acceptable acid

addition salts may be prepared from inorganic and

organic acids. Salts derived from inorganic acids

TrmAaliiAA IiwrAvrachlAvria Aam~iA WivwiAdArvrAalrarnaias ~ead ~1ilfr i
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The compounds according to the invention or

combinations described above may also be

formulated for topical administration. The active

compounds are admixed under $gerile conditions with

pharmaceutically acceptable carriers/excipients,
and il weisgeany meedind puliedingmagents avd@Lconsisting of Lys,
hydra39seneativesindntients, opamsinshlobions By, T ser and
Cys, Bxadniple Jeg. formulated with an aqueous or oily base

with the, additign),pf,2uitable SHMISIBAORISAL Y &9 are Dab.
ExaniB@s SHSRRRAIBGLNIRKEDING: Qmmt&rapgéw@qmmde those
wher AR QIO RS CEFRIRNIS. ﬁgu%ﬁs RO acia

egeéab\.!gtt% a&:@rdsgl %bvyhaxerés% Ve |o ﬁ 8 and R9

lulo erivatives, tra ac
may E Fve He %e;[% ran u r Orprlﬁc& ad IOhesgldﬁ}CﬁyLPée eBaby Dab or

gre\“r(?ce)‘ij i Riep %Lf"&)rdﬁ’é pgséﬂ‘/’g %ﬁ%sd?ﬁa’d derivative does
not exe&RefuFal patches. For transdermal as well

as trﬁngﬁ‘iﬁﬂfbﬁinﬁﬁ iiniSf afibn "F¥nEsRdits RosBRpaivalent
residygio Anths P SiErTdy PRIdYsR aoRf tiaYoPRIRARABEN from a group
consigtisia a @inisitratief BSPHiYiRlatiel, tiiéecbivperipeie acid, lysine,
hydroxglyeirgingredithis idveshtion-arrdidieobdmbiraiforaycine, alanine,
valingle doritved atstveinee @olvERsTiTeth8foenybliamd0 methionine,
threogiee0 SEtBRrayqurasentation ko a-wentidatesjeric acid, c-amino-
caprdiresstitizedl paekyolyamebulizetanitlsitie use-dkayilysine, Ne
formyEyitiadaigypirepelaateelayddichieredifuoremetb@ngiysine, L-N,-
methiligbterafisissomethanaddishloraletiadluacrethang idiamino-n-
butyrieaHRN dil,oﬁﬁléiﬁyléirhﬁk!ﬁ’oqa§@tﬁt:aa@f@sﬂﬂfm@ﬁﬁgﬁr'@h -propionic
acid, tbﬁdp%ﬂgﬁzéfm?ﬁdn\aﬁ/r&ﬁoﬁg@tgéw"ﬂ%%&%y@‘%!qmﬁop:omc acid,
N3- m&ﬂbﬁa‘}ﬁ %HV&E&W@%S I@%%Qgr&ﬂﬂguﬁsaggglom:thme and

Ns-m&GaRY/ H}qg,% of, e.g. gelatin for use’in 15 an inhaler or

Insu fl%h rr%]%% be fxci)rfrsné'ln tgc(?a e'l?aé”%gl Eﬂ%e or E)i_eu and R7
e calppotind and 2 sUfbIs pocer
is Le F’ | enva werc.*ht ave antf Sacteﬂai activity

as Jactos
mc[uﬁﬂﬁose e eiths |nverﬁ|aénnd é"’ﬁ‘a?’ﬁ{éRgo%ﬁﬁatlons

deséﬁﬁ‘ GABERARTRARE B AFRTIIARE R reRfdf an optionally
SUbStUS A SBRP QRIS SrtidNP eRiBlfTAR P Phe or Dleu, and R7
Is an opiniGLT SR iRty ¢oRvitiBIAIC B ESEbtSs Prgéuably Leu or
lle; orsffeh as 20cocoa butter, other glycerides,

polyétbsaresilipedn be arsuppssitdyyasestize equiviket residues
of thqseepefitrieydntiontaiso reldtes tord methestbforusirigm a group
consithiey prfesentipolyaaniie, desvativesubrtia eomibipaiidaref leucine,
methigtich, defivativesarsa paleuofthaselnicak teeatmeshef A person
skilled @ thpEBVIRBH\WBPrORIIAE titeregi MeshfeE3BLEMAM G nine fo be
serin@nimal subjects suffering of an infectious disease,

and comprises administering to 25 said subject an

therapeutically effective dose of at least one

derivative according to the present invention,

optionally in combination with an antibacterial agent.

The present invention also relates to a method of

et =i (R vAarna v atinsrA IheamstfAariea +4 Al ~rntilhs AtbArial
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25 effect of compounds according to the present
invention to improve the therapeutic effectiveness of

we 008 iG4cterial agents in vivo may be demonstritEgia7/ese441

in vivo animal models, such as mouse peritonitis or

rabbit bacteremia assays, and may be predicted on

the basis of a variety of in vitiS tests, including (1)

deterr‘ﬁlﬁﬁﬂ@hadmﬁ@mmgtmammmis Thr and Leu, Fxam-
plescgfeetmragiyAtit Opicfan aritistcke 280 Hyahageribose wherein
R1GqufrestytotinBHisrogroviHFhofr 0 Grami-fiegative

bacte¥iwrdefiyePs howrding2) teterstindtiengoof B1e is Leu or any
nongffdsepisbisnaainibavtertalag emtaredhBakinetitgromthumber of
positivrvbardes @ reui-oeyaiivedbeacteriemes@ngréd) Preferably R10 is
Thr ehiestkerboard assays of the MIC of serial dilutions of

antibactersal dgedtraionstardnatonbinatie hvitisgasalresidue
of thelihrireris iof somepound(s). Exemplary models or tests

are weébrk npyutfidalifh e a3 TbiRing I8 e/UkBsen in such a manner
that thstendroationst obiiEnaiald heer RBAIBAVALING @Fmtitutes the
natheoraiing:tio nadptBsaddnvaniion ey metowB8dBnoyi residue
whendtiR el theditlCs af tiR alimWER ring structure.

2008104 2p34RGIdR 1k ELAMA b2 1RBGG Bkitve charges
referegenhowitbbie tasull idbiee X nestaddnateenry Mt and/or
in thadimpigirRlipreaint @ IRANHRRLBL MY QIMINIDGTEBR8ent in the
deri\&tlmﬁbﬂﬂ)ﬁ@foalﬁ ABnRGo LM eHRacter Wﬁi@ HASrges can be
iocaﬁﬂﬁtb&@%ﬁdgﬁ@@!&ﬁﬁg%WHM@@}%@!m 194R8s can be lo-
cated iR HEREHAVRIR QY MA6A HRID s RAMILIY '@Q%an@ charge is
locattdi Gz @ %W@WA@'(@%Q&IJE%@@G%%Q&&@d in the hep-
tapeWH&h@hﬁu@BQm@r&ﬂQﬁ!W ﬂ'&gﬂuy JERLRRRL 1ocated
in théQside'3RBE %ﬂmﬂp éﬂ%&rg@qﬁ%ﬁl@gﬁ%% located in the
hept&hipieRl bhs BeeRRtible. With this result, it is expected

that GoBGY EaRS AR NISHAROR 'M}{ﬁant&'}ﬁ N8t invention
can FBQLRGOMRAURY &?Aﬁ%@@i@g\l& he-prese Rq el from
the QWSU% %s?sﬁiﬂ agtey %}ﬂ%”d@o—gﬁ% [.2&'55%&9% ~Thr-}, i.e.
smaﬁq\iéff%“lﬂ’ﬁ-'b ggf!é&'%%@ﬁﬁ?é%? rS%é'Bt%”xthr Le. SEQ )
NO. ORRIBRLIDIRRRD. OSHSGEPRbIE Of
Thr-BY-Das WG HIG Elfeskehantiaciera S’}%ﬁoﬁt %u:rm.
Abu-SE DA QWHL CUINGS, ga@‘i‘ﬂpj‘ nEgiye Ragiena, in Thr-Dab-
oyIDdAD BPROCE PARISENAS P 2 QR gui[&] ab PG IO .

Dab- Hﬂ%&[@&%’% 'BX@D& on. ths%%mBO fea¥ G RN Db
DPRdEHIBNGS. ?1‘3‘?‘ yg,gg_l%c b-Dab-DPhe-
Leu- ﬁ%tl?%% tl“; Ifa %1@ Rﬁ”g;ﬁ e}}§¥ au-Leu-Dab-
Dal- D b

t ?f SUSHPHDap-Dab-
iR e e

derivative according to the present invention and an
antibacterial agent may also have synergistic or
potentiating effects beyond the individual effects of
each agent alone or the additive effects of the agents
to- 20 gether. In a checkerboard assay, the

A At Al AF A ATl A AAaAaAarAInAa FA A R rA e A +
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10 during a clinical infection or a suspected infection.
The host defence can be exerted, e.g., by the

WO 2 E8MBined action of complement and PCT/FI2007/050441

polymorphonuclear leucocytes. Those skilled in

the art of medicine can readily optimize effective

dosages and administration r&gimens for the
NOc8nisearifistelbebRither teuthebirer- THge s ISEENIDRA@S21: Thr-
Dalpy[Pale-Aby-fithahtibiotteBab o gl rent a0l RN st a8 Nhr-Dab-
cyiRakibrpifthabsetim-factors viall kBawD WAEhesanthr-Abu-cy[Dab-
LysiRBhseeling Ryt Suklject.baiw tpIenl, age TWeighbyDab-Aby-
DPfsebeaiidriletitaticdnditian obthe subjestd tharauieyfab-nab-
DPieermiristratiohithe. sesieh samednepatic function of the

subjett othe desirgdeifc deihevpatictian s eMROBRGent inver-
tion g0 orelig dediterp s griuinvanianam RIaYeH AL e ab-Dab-
DPHolen-D26-autsenof, the salyectitont Dessaes b &l oymap.Dab-
DPrenmisiobial tig¢nts. Sresidibe adjustashinpaientSpas-Dab-
DPhariThristabimpaimentardrepatindn e ne s S 8 an-Dap-
DPrighrétiaad-metabeliom seslior e cretien Hine (iHBSs-pab.
DPhistlpatimnibamthithese mosd 1oRs. PSS 1R AMAEPas-Dab-
DPhsheuitsalsanbrgdeces.cpener Aty ACGRIiRG IR0 ab. nab-
DPhe/pigitaizbadentqtal slalAeseyofrd fefiVALIV iHA-Abu-Thr-Abu.
oy{DaBCREATFYQ SHO BS8NHInY RN MIAIsRAMINRIEI20HR Arr-Dab.
cyIDBBHMAFDER AN NI AATHMADG, TORSERMBIRAN 15: OA-Th-Abu-
cylDaBTRHTS EQEL D dntob0QmS Pas AGRPHY WS oA Thr-DAlR-
cylDREETRI SRl THRm L2 toh D MHOREEEY EP%!‘JWF#QB h-Thr-Dab-
cypdioyilrse e-Reodiserd P 0Rg. §E‘Hqg 'Il]dh?SaESA-Thr Abii-
cy[D%MﬁL@@l@lﬂi}g@mﬁ% %“&%&E&Wb t\l% @%A DAda-DAla-
w{DéWﬂéBQfF@EQQ@%QWM@f ‘P'deﬁﬂs%é%bnﬁ WBR -cy[Dab-
Dab-DbAaYsu-wal-bedter N REH YIS dgxtent , ..
pPh&Liheanpditian PeNG RSt 108 fOfMy LaYie agay f -Abu-
DPh@immtﬁSﬁ{m@ @”&4@%@ %t}&'j'%& W‘ ag- I~ 8 oyl Dab-
Dab-ﬂﬂ?é@@u@mﬂb@ﬁ‘ﬁ %‘Et% R IKES oy iDab-
Lys- EBJ%&QMQQ}S'%@%% Péq‘éﬁxs 3 15516, '%il qrhor\ﬁ eay[Dab-
o SeREIDOBIoDASSANG.A eprpeUnd gCOI Ing QY U0
cymtgﬁéﬁmvwﬁgb ﬁ&drﬁrof“@OHR belaa dgnvative

&395 ECG di resent inventon are se-
;ectegpm/fnelgrzéz@ﬂéf o ”?% 7 Z .
Dab- ﬂEtPPQRSA‘s\éJ %%S% 6{%?\/ er Cé QE’GPH -Dal-
Dab-ﬁé??"i'xeﬁb@é%e&: Nbcq B'a t Q. R0z %{ ?é’ﬁéThr Dab-
Dab- B POWH t ' dﬁmbeser a e ﬁ']ﬁlm Dab-
Dzb-AFSVIYY 69 E&t E%m I rﬁ"m le =y %%%8%?&%19"L9“ Dab-

lity t
Dab ﬁ{}‘fj by A Icorgr?lzgran 2 AR BafhRPhe-Leu-Dab-

agents and/or
serum, said method comprising the step of contacting

the bacterium with said derivative of a natural
polymyxin or octapeptin, and identifying derivatives
possessing antibacterial activity and/or sensitizing
activity towards said bacte- rium. There is also

mrmsynrdlAaAd A At AaA FA cAarama Ay rmmy v Al Al
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20 rivative having 2 or 3 positive charges assaying -
said derivative compound for antibacterial activity

WO GRSt Gram-negative bacteria and/or for thereitityososs1

to sensitize Gram-negative bacteria to an
antibacterial agent, and selecting compounds having
antibacterial activity against Gfam-negative bacteria,
DatyFithiel abilitySE BRIz Glidtrrimetatiyhh RS iBRR:-Ley-Dab-
DabyHahtisaMeASIFSY §M N5 1TherAShalsor praviged i ap-DPhe.
LeudegiopdbmbelviithMie-PESSENtVention @-Dab-cylDab-Dab-DPhe-
Leugitmridginihetid poRmBBMIdedivatiyeooktainableiogs-Dab-DPhe-
LeutRehtiiry-chiemicaldp-SEGNZyNTati6atyM- Thr-DAla-cy[Dab-Dab-DPhe-
Thr-RabdPaliyudcierifg-FEIyMyxios Of QetapepsiRsyDab-Dab-DPhe-
Leuridggipbiivbiy, Oy thOSECaBNG thereafiwhish-aiBab-Dab-DLew.
LeurainDfadiorkdi by Gersstizally Nmdifie o gARSMG. oyiDab-Dab-
bPhehentieaileedtments dnchrdeiru are et HABRHA0pab-0Phe-
LeufPrgsBalithradetarhgeade N80 dormic acid, hydrazine,
and oxalteacid tEnEmat AL MAOES SCIABRI according
to trererevetdimitatbtosanithcesay RS ﬁ&)%s?tﬁré)@ﬂﬁ@é@(%n be vary
potedieageytase ifiain, tina p@ikh I0EAMHAIgative bacteris or fo sensitize
thensolilhpapiid agess sitdishndGRUSIN M%@n t@g%) positive
charpdaganseve the saEiRFEHROIIPAUNES AGCRLAIRGIR;
one m@d&ma&a&{@‘@%&tﬁﬁi%gém ARl nore referably
thre<D(O}yroyia SHAFgRE @R aRIRR HAENBNALAOS IREERARY, and for
sensitiosifiueidhy ehasgesny) &‘&dn@fr@:plxé{@ably two (2) or three (3)
msit&@@ﬂ%@7§4%ﬁeu&1@%7@ﬁgﬁﬁﬁo§%ng part.( : r@gl%ore, the
preséOcibi Iﬁlbthﬁ@l@y%t@fs Eﬁfﬁ@%ﬁb@@%&%&dﬂﬁﬁrﬁ@uﬁy enhances
the dpee URMBEHRAa Kiahsiella oxytoca, Enterobacter
cloaqae weitslacleE: renadl i RReUAOMADAS chandran (1980a),
and W@%Q@bﬂ@i@&&@&%ﬁ%f@h@wmﬁm &vt%ves, deriva-
tives SEAISHLLHE, ARY (Qf 5hﬁ?@et%?ﬁggﬂf@@§ar€e@d (fvé Q ,Tﬁg 3ntibacte-
riaf a_BWit_ﬂ} Uﬁ% ligisady é&ﬁ%%&%@)@%ﬁe&%ﬁg' En?c%ﬁ)g blevant
(SakR: \6N&r. ABERALIRGAES ANHRE acid redGLIESS fun gonfradiction to
the ﬁﬁt@@&r&t%%ﬁé@ﬁ QUAEBHW%?VQSBOJXW%%%%%{% 1980&) or
attrib@YICS %%é&fﬂ@:ﬁﬂ%@’d_%%!e@&dgerdhne onflg?\#lprlgte purifica-
tion (f%@lsét 78y easiea ALnG.Qf Iﬁee@ﬁ@ Ql%%na(é%}\l?o describe, sug-
gest Kﬂqmwa%r W%st’ti?engé%yl&(ggc grég%a%gsu ?c? sgﬁﬁ%tize Gram-
nagath@i?a@?é‘ﬂ@ 4@5&%&9@?&?9&&&% tASsSng % taﬂ‘f%1 r]e%::g %1ae eg ni in-
ventio!ﬁ%?éél‘%ym}/éﬁ%%gm %g@'@,gsggﬁ% §%ﬁggww?g defivaﬁive to
sensiﬁg@@l‘;ﬂ- Qtﬂ@%&gﬁ 'tg‘gn Qarcterieglaége Ef?{] éh ﬁ i ig. abik-
ity fo Rﬂ%mc& ﬁt&?ﬂ’ly s@n(?ere l)af‘vfg(réa gle’ o grgaﬁf;é%‘gf irrgle-
vant c&%ﬁ%@%%@c@%“'ﬁ%y%‘ d r? élg :Iaﬁgci egf Ei PI 8i‘:ZS ugfmi
is neegé,[d%) IX%I%(;‘@%S ugf A coaP (lésakura(%%? tiet!:lu e?)ﬁ Q an
i h% &é (G amount as low

clinically used polymyxins.
synthesising compounds according to the present
invention include but are not limited to the following
described below. For a specific compound to be
synthetised, an expert in the art is able to choose the
appropriate method. 201. Semisynthetic derivatives

~F Al 1Ay vimes ArmA AAtAar At e Fla At A rey s
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Thereatfter, the compound is subjected to an
enzymatic treatment with enzymes such as polymyxin

WO MEE&hase, polymyxin hydrolase, papain, fi- SREFFIz07/050441

bromelain, subtilopeptidase, Nagarse or other

enzymes that remove a terminal part of the side chain

or even the entire side chain 0f polymyxin or
25 4 HElp BPRHS L BB eTRiRte Fhisiiratitns Htaomvtoptioraligmpin, as
showa inlievedrpy sheliendierriin degradation procedure.

The rééalesatists pourdacles iizeertiersiett lghainber (1970)
are Jpjeemeistifutticasptiidicystivptystid gt toniyrititan react
withay affiecfine- frgteminadoastv theninigngroup. molecuie to vield a
moneReriiatratplypeigmykingemd ootapestinsdipalyhaxe according
o Tapbids groupeprofeemonbschgineg oxycarbonyleves, sach ac-
stylgtey teixy cliiftrenly ko etre atethbstyexalioagithar according to
Teuhsrrivie aéitrooyielddjiientetiethdesaylonsivaiiee SnthBacetylated
polvimeth del dbeingrdeser il deh ifiicenip anacatatefl S iTdie Touber
did proeeout évisdelioinved dyifuiitheien zymediE4aatpRBlem with
suchmaligdednondy Gemenpaegracatianmtondeldsalt in reduced
spetijivapeptide. some offthereaitegfoamuiabie (QpEE: B the an-
tibadiniia chttvith exfecpralplp aeutistine eaiticRiRbtiRclivated) whereas
somkaptap eptitheotingpaniiengdiie resith faRugteaMMed. Fur
thermprathd degretattalirenidue s wall:amoplianalyamino

acid residuigsypreterablsdgdadhias FRSIMes iRhtion, on the
otheinstacee Grtareanisy sthaticisomepaashvsinea @eMlied comn-
pourgioup and 20 two amino acid residues can be

prepareddy adsRgriaibaabonemessiibesd that the free side
chaiih efpiapeplistcot T MRISIEMNyAAGY Dr tBsReSYE DIREEENYL well s
the residhige FoimcandaaAFRHEMSRDY FQBMERNIARAIRS, and R5 are
essegeneablechrig uamknawpste o sefamligtWithddea or the
groned tifiHEani CShR0MSHYs HaRsR:deL M AES RS YSIAG: conclu-
siondhBdiGEnphUNIB YR YRHEA HFBIES: KGR IESIHYES @5 the free
amindQBSIPaedrRA LS RGP HLBAN lﬁBtm§ By %u!ﬁrd yet are potent
agenZoUMIeSI SR REOF SElWER D %é%@%%%&ib@@a%na
2-N-W:askaRYEHAM B derivative ‘octanoyl polymyxin B heptapep-
tide MIMLHMM%W@M%%W% %héa‘&}@gvfx nt of the oc-
tano WP GESRIIXIR MENARGRIISSCALYIBg.h E@eoﬁpaé ammOB hep-
tape@kRUBSIE QMW%H{&%&S%%%%%HM%r % ?%Srlt{!:s Sakura

ot al GHHIBSL gc@ﬂ@y %W&%HBQ&@@ i ﬁ%l of bac-
terig m@@@ %&%ﬁér&y mggr@n&&%;}élé%%é n:%rat!on (?‘gg/ p;?mf)
wheréé%ef:ﬁ@ @tﬂg‘ MQ’@ &%‘ g ociaﬁeptlde and

gctadawyﬁ@n@m'%a%mﬁgt@& ILL% 90ur
tent A0 REAGMALRE LY &@diﬁ%&%? 57
N t e a

well-known to a person s
described in US 2006004185, by acyl chloride (by the
method well-known to a person skilled in the art and
de- scribed in Chihara at at 1974), or by using
residues linked to N-hydroxy- 35 succinimide (by the

method well-known to to a person skilled in the art
A~ WA DONNOOINAA 7 7D9ADMTI/IC159N\N7/NECENAAT1 DN

aQ"ﬁgs 3o yery po-

|sclose or s
AN uggest
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30 (2004), Tsubery at at (2000a, 2000b, 2002, 2005),
and Ofek at at (2004). The methods include e.g. the

WO NIdE' Bt protecting agents such as Fmoc, tBoc PaRBIz07#50441

CBZ at strategic positions, as well as the cyclisafion

step where DPPA (di-phenyl phosphorazidate) or a

mixture of 21
the eSO RRSIECT- phigkyiniS- hywraligiveh optdiaiubacteria to anti-
baq%%hqm;@@ﬁﬁgpmqmwj@ﬁy acid tail increases its antibacterial
actiih yelFBRY b Eripe Brarole gdiBt)e8E.and

N-metHif e dlimotith M beisspse thdvile Gow polymyxin deriva-
tiveg benjagives Dfonthiey (Soretiviatiatyesalhig s s iing capable of
inhipingsthsr erewinniersialyravaitabtencli®e bacterial spacies and or
senggOgN OB AT BRCTAF 122007 1050WHAdERs to an Mntibiotic or an-
tibaptgahgginty reactions related to conversion of the free

amind e supBittbigné ratecompoundsReeardngitthay be de-
terminecpre Semriinwontignd aviiig.or 2RO SEMeEAYESure uses
commerpiiic lacéativu fierecaat linite ddo hihe FolloWiBGgnated with a
speqfiagtianity of the antifspieeialciipntOfHsee MRIRR: W &F e sur-
:faaethéagm}amsnhhvwmaaaéﬁﬂjh@aﬁ% BARGIQLL LA B organ-
ism genenietted. epo i @lgrauips Hhesaby BERRBHRG &wth inhibition. A
mordl vyaiedx echniting #e kage diution sRI4SAHIOBL 86 prepar-
ing teshinegrougroidbeaampens i Mg FoQIHOAOR media, then
inocyfetiretyhe orppiisiging RARMAS P RBEY 1 1halidGest concentration
of diliettebyigenesatagriss ianamige: nkaas: 1%k of incubation
is repoamtianiaf fremaminm g9 upnetihasomigund with a

conjUbakianve aieyFMRRRS iekehi FREHR FAIINM the growth
of omﬁfﬁﬁ@bﬁt@@@ﬂéﬁéﬁ&t@ﬂliﬁiﬂ&i@%H&%ﬁ&%ram-ne; ati@bacte-—
ria. steiR et adRf HRAGMRI0 a0 S:6oHARRY ﬂ%ﬂ%%?s, Alcall-
gencBIHblgating MW@WP @éﬁiﬂ%@aﬁ%ﬁcwﬁo@g@pygﬁembaden
EscHGFObIP, (mﬁ&&d@d U@M&@?ﬂﬂ!o% rﬁfﬂl@,r%cob cter, Kieb-
sieli:) @BGEAUING MBABIREALNARSE, Plosiol; Ja%?‘gégﬂdﬁ?ionas, Sal-
monéﬂ@,@amm Sigklia, %M&@JIQ QQMW@ & 'ﬂfﬂ%%%?fur ex-
amplm%}&mm B&?§MQ@J@§H&W&%Q%&§%MQ RS Enterobac-
far ciﬁ@&!t&@ @ﬂm%péﬁ):gmgé_,e&b{eg %%r@gl&%%mab@é%% Citrobac-
fer ﬁ@ﬁ}lﬁﬂg@éeudomonas_‘ %M@@)BQQ rbt‘ﬂf_:}rf %%Sc%%?‘ 9&%15%3}309123, Acire-
fobadi@ﬁbﬁgmgﬂ%q M@ﬁhﬁn?‘% H&QF'%&%@P NS Wrer entative Gram-
nega@RNBAKISHA PhECRLIVE 1SRENANUE QLR L%Eat&e g{é%’ ell as
ctherA%" ﬁ%%&%f%y% t!'alge-l;fc.)lg licati CEs”

re sélﬁ%lci i r&?&@ J%Q! oltg,afolep nxaa rele, &

mia, M@Qﬁﬁw%ﬁ'}p%@t&q stﬂg%%%c%ce, Ir%‘ngk%lt%z%n rlr';gn}z’ ‘tEs,a :?;i:‘
tions 1?-15&1\'@ m.r&:(%n%ﬂpéﬁe&oY,afg%%?géjﬁgféctlo%yi%%% %'ﬁamam..
lﬂgﬁca?ag;ﬁéngm%ﬂtg‘\sg%gg \a\.rlttll'?nn !Ltga%ésél?é !ige Ioé-atlaeﬁ &a’rheter,

entification of a-N-Acyl a,ydiaminobutyric aci
colistin nonapeptide. Agr Biol Chem 37:2455-2463.
Chihara S, Ito A, Yahata M, Tobita T, Koyama Y.
1974. Chemical synthesis, isolation and
characterization of a-N-fattyacyl colistin nonapeptide
30with special reference to the correlation between

Artirmartaralrial Aactivsitis AarldA AAar BLkhAarm mirirmalhAar AF Fatdy s A~y ol
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15Sakura N, Itoh T, Uchida Y, Ohki K, Okimura K,
Chiba K, Sato Y, Sawanishi H. 2004. The contribution

WO 208 & N-terminal structure of polymyxin B peffitieiztgsos:
antimicrobial and lipopolysaccharide binding activity.

Bull Chem Soc Jpn 77:1915-1924. Srinivasa

BD, Ramachandran LK. 19782 Chemical modification
canyhEROpelsite. arktiftioticsRaridind indogicalastiyity ivfhe ear,
supgiirialctivre sviefijpolymy xinidBizbtidn B igeemeBisp s, mucous
menidabds BBJ/or skin BrimivassBbxidiamasandran LK.

197 9TRdsgelyhninsusibalent HaddsiihRese not limited to) se-
vere3R1G85-7@Rired infectiorBjiniikammdBh), tRamAGhaBMMised pa-
tienth, Knfd@80s BSgentighamingigiopnsf 2hpealyms i 8 iniensive
carelnghith RiOohesavBio pifyaidné 1ok 2odib8wounds, SIGR RBmmunity-
acquReseRitiah Sidwan s0ByRE H8Q4E pRIYE S WA infoctions
causeel ajed e plisteractipiotigandnatdRgy Biochem

46:728ebgesent invettiRHbeM d3R/QPEeRAMBHIRAS of two or
mordielagivad] gaactiwe B anopNaseekin) rdetivalives Meaiment.
The taentmenohs ane-rpesdig-priiiRe mﬁlﬂﬁmgﬁ@@pectr& of antibac-
teriaP@BQly BryXica i aswdaseeh 2abedldecies or JSHREEY Gram-
negalike@felera MR SRElidkisM. 2000a.

Strugthsg=unpionsivlins: ot RAMIRID Bected 1o pharmaceuti-
cal JAMBAPRPHABNIHHSIHARSIA senskizatiRRfing i the present
|nver@d@-%élegﬁf'ﬁﬁnm%@é&é]céwgﬂa@&%%éééogé aEiy an
antibAGLRE Bhdr: RHRK b RESRPw gk %Mc?eopgr%hn;— Gticatly ac-
ceptdblBCHARA AsFO3DEINIan @&M@yﬁf&e@s\@( l¢ the active com-
pounBa ke Al JIRARASAGCRAT %@Eﬂé@&ﬁ&%ﬁ fiy SIS T e.q.
diluticd) PR BYRANB, m%ﬁ&munﬁ'g%g%at%mbmmg suspend-
ing, éu%zﬂskﬁ 1:31%4‘1 L(d?lzm disintegrating, encapsulating, coating,
embe?ﬂ@ﬂgl %Zga%ﬁﬁ &TJE ;I'a Oéfé/ Qaﬁrgﬂi‘t ints as \iﬁ g@éorbents
absmlﬂhoqfé?\lﬁémgl% K' r@ée«%g ;55 alic %e eli known o
a per@&@@l&!f&%‘?{ﬂé Q,{: polymyxm B nonapeptide ang the

effecﬁh%%@ém%t%%o%ﬁgxgyn{%Qtldeposﬂgns wherein the ac-
five i Ji@z{é %@%ngﬁggﬂgﬁamoun Bd: Y er% chieve t{ﬁz intended
purp %&@' Mh“ E& k'Q O%ca’ﬁ ectwe amcx%m means an
ammuiﬂygir 909\ 9 8 %%@éntcgj ﬁg $ e en a@%” gr me :orate symp-
toms% [?éﬁtlé? &I Fo%mrgunwlxgﬁrmwe ab IIZ%E
sanal}e?%g%?{tstg gp fa s%ef%%%tbﬁ 52N %: :c tr@ath termination
. %f% L LET G S i

eopeptlde antibiotics that function as
opsonlns and mem10 brane-permeabilizing agents
for gram-negative bacteria. Antimicrob Agents
Chemother 49:3122-3128. Vaara M. 1992.
Agents that increase the permeability of the outer
membrane. Microbiol Rev 56:395-411. Vaara
M. 1993. Antibiotic-supersusceptible mutants of
Escherichia 15 coli and Salmonella typhimurium.
Antimicrob Agents Chemother 37:22552280.

NAamvre M \N/Aamvra T 1000~ CArncitiratiarm ~F

m treated at a rea-
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The following examples illustrate certain
embodiments of the present invention and should not

WO T hstrued as limiting the scope of the invefitlgitr G 5044t

Example 1. Peptide synthesis Polymyxin

derivatives ("NAB peptides” qr,"NAB compounds")

were synthesized by conventfdnal solid phase

chemf&IRPaERTG Wy Seatierieimoecpretectighivown in the art,
°g-strategys Pherarpiferadciietsiteaminerpigiaiing, entrapping,
YordgiETmerEiatiy B andisterpibig preesteniidd tootlve foolidetion is
deppifiesbuRARl et el ehottidtiatien reisevithdatiel pharmacsutical
compsifencam-herfonmpledriso iyhedrtiirelease o$iew release (e.g. in
ordgtiateiglpia the Prreetisrelirat aodirsanthree lolestsids). Further-
morg thd B R fsren awiorerre st ey dFematep rotettissdige form by
meifds dipsta Erifinetfeimbbomsygroups which are removed

durin§htiessiciedbavenyeittorge saniths enti-peastanantntion in-
cludgrghust] Fetaetitimited dovVibrye ittivieditte iohaientunclioasuscular,
oralyghiteriert aiyulitsétitm reaetiorstikes plgeadhtitestered as a sup-
positdeiny ag esofntibgieitiderdoiniTteecregissitire Getesaninabenous,
intragyasiseiRylicraiditsealactbd taidven inminaifilngtiomoncal, intra-
venttigaiasi detrehvasisl, of Oriecshithanotine, doidalie RFds as well as
thosgyrdhiodee ptidectAftealt ntrapglisgtionsstemstner transdermal deliv-
ery. semipermanent protection groups are removed to

yield MABpeptidedRbictordinglyy heakadaiiaunning in-
fusices) otignvoinflxdoashite agtihalias: piRoieeiad B invention as well
as tfuarerybtiorethesycatkony (Fnee faandduias M@Ssuitable salt
or eglentovednyeRR%qpipesicinadis N ferabi® WRrdIMiHy compati-
ble de autine aith ba de-wuelaagsitheyehisaliaMnAig solution.
The ¢aimixtiob uiiyyi GIEC itlciBSoREAE GEBRRY such as propylene glycol,
polyditylox gash myy(ERe Glyan aaislabilR gpestInkiGhi as pre-
servaties pmavdatdhe cleavage step. All the other

aminehZmagidssisttdprartelunetinabs da:eRalP ve prepared
from giogpsav@tespfair ek bgROseRINBHSRIaIR Rithenaude
hydraupicric|eay agarsbagae keid DRNEMQC MREIWI( Shospharic acid,
and hanike geidspien)iainigenandilfuaineidatdialbsid, prapionic
acid, BR6IRGHA Sideichaid) HRICEHE M ARAMIRINRLTURUS coinic
acid, Wagibatipr akesteduthisenslled dire GLreastion B @innamic
acid, a6y HOCRAMRINLRNE sYAthesiaalRRNVESE p-ioluene-
sulfofl€ B ey acLoaMAESIRd automatized syntesizer

that gmaplaad R4 @narmaceutical compositions for parental admini-

stratih LQQ?‘Qé’ Habeneriazrlenddis ]?rnlogg’dg%t&@ég&s} r\% s, and
may SRRBREAEHIURMRNRSPBRLE (H )8 t%"g&g;%; dispers-

ing a : | S f | oils such as
O P Voo s St HEbe H ot sur

number, FLBA 002). Other fatty acids were from 35a
standard supplier. WO
2008/017734PCT/F12007/050441 37 The
acylation was performed by using a four-fold molar
excess of each amino acid or the fatty acid, four-fold

mAarmlar Aveamsce ~fF HlhA ActivrmatAar LICTIL fa~nams Allh~aviAY Al A
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Peptides synthesized in Example 1, all carrying at
least two (2) but not more than three (3) positive

WO 2EiATgks, were studied for their ability to inhibieGrthmoressss

growth of E. colt This was tested employing LB agar

(LB Agar Lennox, Difco, BD, Sparks, MD, USA)

plates. The indicator organisr*E. colt IF-13080
natyiel 20d/8Y wathells Enigapsilatedsstrain asigingleate and trigiyc-
eridisolatdidofromes Moo satpessitieringframneningitisss. which in-
cregspeltpariatcatil 68Uy ancbabiainadiramdationabiuwlity coliu-
lose-enalttial ksieedetas. Helsinki, Finland. 10From an

overnighraroieraouitresitdrd «3308Brea il 80@-dbse or mult
dosg 3epieth costeinenf, appirex. AbQBlee el anasRIeRAre Gilad in 2
free@a e\ GHbidéel b cisdabthissSUSP BRSO WRRRANER . sterile fig-
uid pipeitedorthepagastplate mRE A FRIAS VSRS DLl

shakénrtorsipseatisheistiSRARTHAN enpaheR: (NBRRILS, ro
derssinbiete pfitherplede. Thamralienthe Unrhsorbed rQi@trc;granu tar
prepofdivess FhpenaiannasdRmerachy Wﬁ%@&%g 2 sohd excipi-
ent, Bpmtexlly pipeite. Adterthnswiacs had %@&sﬁ@“ mixture of
gramle‘;lsaﬁdzlam@§uQaBIHTé)JWﬁﬁes(#H&@é&%&%t&%&@&%mgee
corew/@l i paraplate)diyetsiag @ siRideshamedasd PRy atso
act anetaditshen: ﬁiﬂ@é&rU§@n§HQ§tt§1§H§n@1ﬂg ¥ Bhders, preserva-
tivesS BaQAnSRBHMC Hdifing | 3061 SRk Qfsmgg% iggents or an en-
capsBRHIORaBR SYGACI AL CRGRIArations R magne-
siumagebbhdghathevare dhanpingtieg i dhe wells %%t Starch,
gelaBarpiacHieS e iR-allaNe d ey @19595%0%9118 y%éﬁuo & 8 fow
meltitdokad e B udlagrh slution without the compoun

be tasied. Fag-Rigifs WRLBIEhER ingub wﬁ, .ncﬁde eg.
aqueam;&da&s@%ﬁ%&h%@%&%w&w !saons and gels.
Aquet0§1esasaL Bsh %@%Wﬁ e s 0GR lﬁl;g gbtmeecomponen in wa-
ter aftf mﬁr\g%uiﬁ%@fs%gﬁzmatarﬁdﬂgﬁ% th Qs ell as olorants
and @ﬁm@tﬁ@é’ﬁﬁé%&%@}@é@%ﬂ §é‘gra%§f %S egs!ng @; finely
dividd BRI BB RS AR EWTEN i i% 3 ETIXIV as natural or
synih@iligaste F@&CWé[Myﬁgmgs CLYVE f}i’t\{ e ;m&m% eﬁu?? e, and
otherlm%gm@%w uﬁs;on%@:ze are f" Féut;ons
in aq:P&Wé@)Qﬁﬂeﬁeagﬁy% oﬁﬁs&xs%?%‘? po N1y X Erlm\é agents such
as ie&ﬁkr%%@\ mo%%iggfg%?nt Inven |on
NABH37 Mﬁ§§ c%g I\ilntAgaQ 4t eV\{%gn%eﬁ Q?O%mbmataons de-

scnbe%rg&@&tn‘ﬁgg‘ a%%f%B% mu)sa g\;lvt%rams?d% @%{?ﬂﬂb&% active

TR
sewaﬁfé%w n\& I On area a %Vi%é nne][;;'% gg %I%%ﬁg%;w? ﬁldl ptred

NS e formulate
with aﬁ &U&?ﬁ% O(?Ul‘ N:)ase Witmlgo %f’(ﬁ’d’é §1{Wecgﬁui§1fymg dispers-

consists 0 amino acy
hydroxyl groups. Unlike NA8739, NA87061 was not

antibacterial at 4 pg. However, it displayed notable
antibacterial activity at 10 pg. NAB7061 differs from
NAB739 35 only by carrying Abu (instead of DSer) in
R3. Prolonging the length of the fatty acyl part from

NO 11« NIAD7Z7NCLT +~ N1N v+« NIAD7Z7NLD vAacti b AA 117 iAatalr o,
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Reference compounds  Polg#nyxin B P1O (a) AXTX
ng CHUBMICH XKELEnBY, 7abiGokstn &Q&M@T@@ﬁkﬁ.bommoniy used
exciplents include animal and vegetable fats and oils, waxes, paraffing, starch,
celiulose derivatives, tragacanth, and polyethylene glvool.

Other topical formulations include, but are not limited o, ear-drops,
eye-drops and transdermal patches.

For transdermal as well as transmucosal administration, penetrants
generally known in the art may be used in the formulation,

For adminigtration by Inhalation, the compounds acocording fo this
invention and the combinations described above are delivered in the form of an
asrosol spray presentation from a ventilator, pressurized pack or a nebulizer
with the use of a suitable propsilant, e.g., dichlorodifiuoromethane, trichioro-
fluoromethane, dichtorotetrafiuorcethane or carban dioxide, In the case of a
pressurized aerosol, the dosage unit may be determined by providing & valve
to deliver a metered amount. Capsules and cartridges of, e.g. gelatin for use in
an inhaler or Insufflator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or starch.

The compounds according fo this invention and the combinations

. described above may also be formulated in rectal compositions such as reten-

tion enemas or supposiiories, using conventional suppository bases such as
cocoa butter, other glycerides, polyethylene glycol, or a suppository wax.

The present invention also relates to a method for using the present
polymyxin derivatives or a combination of such derivatives as a part of the
clinical treatment of (or a praventive prophyiactic regimen for) human or animal
subjects suffering of an infectious disease, and comprises administering fo
said subject an therapeutically effective dose of at least one derivative accord-
ing to the presenmt invention, optionally in combination with an antibacterial
ageni.

The present invention also relates fo 2 method of sensitizing Gram-
negative bacteria fo an antibacterial agent, wherein the derivative according to
the present invention is adiinistered simuftaneously, or sequentially in any
order, with a therapeutically effective amount of said antibacierial agent.

The derivative of the present invention and the antibacterial agent
may be administered together as one formulation or by different routes. For
example, the polymyxin derivative may be administered intravenously whils the
antibacterial agent is administered intramuscularly, intravenously, subcutane-
ously, crally or intraperifoneally. Alternatively, the derivative may be adminis-
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tered intramuscularly or intraperitoneally while the antibacterial agent is admin-
istered intravenously, inframuscularly or Infraperitoneally, or the derivative may
be administered in an aerosclized or nebulized form while the antibacterial
agent is administered, e.g., intravenously. The derivative and the antibacierial
agents may be administered simultanecusly or sequentially, as long as they
are given in a manner sufficient to allow both to achieve effective concentra-
tions af the site of infection.

“Therapeutic effectiveness” is based on a successful clinical ot-
come, and doss not require thet a derivative according to the present inven-
tion, optionally in combination with an antibacteral agent, kills 100% of the
bacleria involved in an infection, Successful reatment depends on achieving a
level of antibacterial activity at the site of infection, sufficient to inhibit the bac-
teria in a manner that fips the balance in favor of the host. YWhen host defenses
are maximally effective, the antibacterial effect required may be modest. Re-
ducing organism load by even one log (a factor of 10} may permit the host's
own defenses to control the infection. In addition, augmenting an sarly bacteri-
cidal/bacteriostatic effect can be more important than longterm bacter-
cidal/pacteriostatic effect. These early events are a significant and critical part
of therapeutic success, because they allow time for host defense mechanisms
io activate. Increaging the baciericidal rate may be particularly importart for
infections such as meningitis, bone or joint infections.

The therapeutic effectiveness of an antibacterial agent depends on
the susceptibility of the bacterial species to said antibacterial agent at the clini-
cally refevant concentration of the derivative according to this invention. The
effect of compounds according to the present invention lo improve the thera-
peutic effectiveness of antibacterial agents in vivo may be demonsirated in in
vivo animal models, such as mouse peritonitis or rabbit bacteremia assays,
and may be predicied on the basis of 3 variety of in vitro tests, including (1)
determinations of the minimum inhibitory concentration (MiC) of an antibacte-
rial agent required to inhibit growth of a Gram-negative bacterium for 24 hours,
{2} determinations of the effect of an antibacterial agent on the kinetic growth
curve of & Gram-negative bacterium, and (3) checkerboard assays of the MIC
of serial dilutions of antibacterial agent alone or in combination with serial dilu-
fiens of compound(s), Exemplary modeis or tests are well known in the ari.

Using in vitro determinations of MIC at 24 hours, a derivative ac-
cording to the present invention may be shown to reduce the MIC of the anti-



10

15

20

25

30

35

NAB704 -3T2cy [XXXLX18TJ7 34 NAB705
-+ZTZcy [XXFLXICTI8 34  Octanoyi PMBH OA-cy

WO 2EEEL XXT)9 33 Cpds of the present InverR{gffr20075041

NAB 739 OATA cy EXXFLIDCT110 33

27

bacterial agent. With this result, it is expecied that concurrent administration of
the compound in vive will increase susceptibiity of a Gram-negative bacterium
io the antibacterial agent. A compound acoording fo the present invention may
also be shown to reduce the MIC of an antibacterial agent from the rFange in
which the organism Is considered clinically resistant to a range in which the
organism is considered clinically susceptible. With this result, it is axpectied
that concurrent administration in vivo of the one or more compound(s) accord-
ing fo the present invention with the antibacterial agent wil reverse resistance
and effsciively convert the anfibiotic-resistant organism into an antibiotic-
susceptible organism.

By measuring the effect of antibacterial agents on the in vitro growth
curves of Gram-negaiive bacteria, in the presence or absence of a compound
according to the present invention, the compound may be shown to enhance
the early antibacterial effect of antibacterial agents within a period of preferably
less than 24 hours. Enhancement of early bactericidal/growth inhibitory effects
is important in determining therapeutic outcome.

A polymyxin derivative according to the present invention and an
antibacterial agent may also have synergistic or potentiating effects bayond the
individual effects of each agent alone or the additive effects of the agenis io-
gether. In a checkerboard assay, the combination of a compound according to
the present invention with antibacterial agents may result in a "synergistic”
fractional inhibitory concentration index (FIC). The checkerboard method is
based on additivity, which assumes that the result observed with muttiple drugs
is the sum of the separate effects of the drugs being tested: according to this
system a FIC of less than (.5 is scored as synergy, 1 is scored as additive,
and greater than 1 but less than 2 is scored ag indifferent.

Antbacterial agents sultable for use in combination with derivatives
according to the present invention, include e.g. macrolides, such as clarithro-
mycin, azithromycin, and erythromycin, ketolides, lincosamines, such as clin-
damyein, streptogramins, rifamycins, such as rifampin, rifabutin and rifalazile,
fusidic acid, mupirocin, oxazolidinones, glycopeptide antibictics, such as van-
comycin, dalbavancin, telavancin and oritavancin, fucroguinolones, fstracy-
cline derivatives, hydrophobic derivatives of peniciiins, cephalosporins, mono-
bactams, carbapenems, penems and other betalactam antibiotics, novobiocin,
pleuromutiling, folate synthesis inhibitors, deformylase Inhibltors, and bacterial
effiux pump inhibitors. A person skilled in the art of ireating Gram-negative in-
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fections may easily recognize additional, clinically refevant aniibacterial agents
that may be useful. Preferably said anfibacterial agents are selected from a
group of hydrophobic or moderately hydrophobis antlbacterial agents against
which the outer membrane of Gram-negative bacteria acts as an efective
permeability barrier.

The invention also includes the use of the present compounds or
combinations thereof to sensitize clinically important bacteria listed herein fo
the host defence machanism complement (present in the fresh human and
animal serum) by subjecting said bacteria to the action of such compounds
during a clinical infection or a suspected infection. The host defence can be
exerted, e.g., by the combined action of complemant and polymorphonuciear
leucocytes.

Those skifled in the art of medicine can readily optimize effective
dosages and adminisiration regimens for the compounds aceording fo the pre-
sent invention as well as for the antibiotics in concurrent administration, taking
into account factors well known in the art including type of subject being dosed,
ags, weight, sex and medical condition of the subject, the route of administra-
tion, the renal and hepatic function of the subject, the desired effact, the par-
ticular compound according to the present invention empioyed and the toler-
ance of the subject o it. Dosages of all antimicrobial agents should be ad-
justed in patienis with renal impairment or hepatic insufficiency, due to the re-
duced metabolism and/or excration of the drugs in patients with these sondi-
tions, Doses in children should also be reduced, generaily according to body
weight.

The total dally dose of a derivative according to the present inven-
tion administered fo a human or an animal can vary, for example, in amounts
from 0.1 to 100 mg per kg body weight, prefereably from 0.25 1o 25 mg per kg
body weight.

it will also be recognised by one skilled in the art that the optimal
course of treatment, i.e., the humber of doses given per day for a defined
number of days, will be determined by the nature and extent of the conrdition
being treated, the form, route and sife of administration, and the particular pa-
tient being treated, and that such optimums can be determined by conventional
technigues,

There is also provided a mathod for assaying a compound accord-
ing to the present invention, said compound being a derivative of a natural po-
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Iymg((i?r( Er ooiapeptiny, wherein said derivative has a only 2-3 positive charges,

in contrast to the naturally occurring compound from which it is derived, for
antibacterial activity against a harmful Gram-negative bacterium andfor for the
abllity to sensitize it to antibacterial agents and/or the complement present in
the serum, said method comprising the step of contacting the bacterium with
said derivative of a natural polymyxin or octapeptin, and identifying derivatives
possessing antibacterial activity andfor sensitizing activity towards said bacte-
rim.

There is also provided a methad to screen polymyxin and octapeptin
derivatives with reducad binding to renal tissue or its constituents in or from
test animals or from human origin measuring thelr reduced ability to competi-
tively block the binding of aminoglycosides to the same, or block the binding of
other substances known o bind o the same.

In a further aspect there is provided a method for developing novel
antibiotics comprising the steps of providing a natural polymyxin or octapeptin
compound, or a derivative thereof, having = total of 4 or 5 positive charges, or
a total of 6 positive charges, as in deacylpolymyxins, substituting from 1 to 4
residues carrying one or more positive charges with a residue not having a
posifive charge, or with a covalent bond, thereby generating a polymyxin de-
rivative having 2 or 3 positive eharges, assaying said derivative compound for
antibacterial aclivity against Gram-negaiive bacteria andfor for the ability to
sensitize Gram-negative bacteria to an antibacterial agent, and seiécting com-
pounds having antibacterial activity against Gram-negative bacteria, or the
ability to sensitize Gram-negative bacteria to an antibacteral agent.

There is also provided in accordance with the present invention a
semisynthetic polymyxin derivative obtainable by treating chemically or enzy-
matically naturally-occurring polymyxins or octapepdins, respactively, or these
variants thereof which are manufactured by genetically modified organisms.
Chemical freatments include, but are not limited to, those with acetanhydride,
formic acid, hydrazine, and oxalic acid. Enzymatic treatments include, but are
not limited to, with enzymes such as polymyxin deacylase, ficin, papain, bro-
melain, subtilopeptidases, subtilisin, colistin hydrolase, and Nagarse.

Preferrad compounds according to one embodiment are less cati-
onic than natural polymysxins or octapeptins, have two (2) or three (3) positive
charges oaly, and arg:
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(&) able to inhibit the growth of Escherichis cofi, Klebsisila PRSLHTIO-
hiae, Klebsiella oxyloca, Enferobacter cloacae, Ciirobacter freundii, Pseudo-
monas agruginosa or Acinefobacter baumannif endlor 1o sensitize any of them
to antibiotics, and/or

(b} less toxic than clinicaily used polymyxins, as evidenced in in vivo
animal modsl, andfor

(¢) less nephrotoxic than clinically used polymyxins, as evidencad in
an animal mode! andfor in an in vifro test that measures affinity of the com-
pounds o kidney structures, and/or

{d} able fo cause less histamine lberation from the tissues than
clinically used polymyxins when administered topically or when inhaled as an
aerosol, andfor

{e} pharmacokinstically more favorable, such as having a longer se-
rum half Iife andfor by being less inactivated by polyanionic fissue and pus
constifuents than clinically used polymyxins.

Methods for synthesising compounds according to the present in-
vention include but are not limited to the following described below. For a spe-
cific compound to be synthetised, an expert in the art is abls to choose the ap-
propriate method,

1. Semisynthetic derivatives of polymyxins and octapeptins that
cairy an unchanged heptapeptide part and z modified acyl-aminoacy! side
chain can be made by the procedures described as follows:

Protection of the free amino groups in the starting material (po-
lymyxin or oclapeptin, or modifications thereof) by methods known to those
skilled In the art. The protection can be achieved by the use of residuss such
as t-butoxycarbonyi (tBoc), fluorenylmethoxycarbonyi {Fmoc), benzyioxycar-
bonyl (CBZ, Z), allyloxycarbonyl (ALOGC), 3-pyridyl-N-oxide-methoxycarbony!
(as described in patent publication GB 1323962), by using Schiff bases such
as benzaldehyde by the method described in Japanese Patent publication
711563011971 or the like which can be removed by conventional conditions
compatible with the nature of the product.

In conditions where the poor water solubility occasionally poses g
probiem in the sub-sequent steps, the protection can be made by using nega-
tively-charged blocking groups such as a sulfonic acid derivative of Fmoc or a
carboxylic acid derivative of Fmoc, the method being described in US patent
publication 2006004185, The water sclubility can also be enhanced by linking
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a suitable, removable, negatively charged, very hydrophilic blocking group o
the OH-group of threonine.

Thereafter, the compound Is subjecied to an enzymatic reatment
with enzymes such as polymyxin deacylase, polymyxin hydrolase, papain, fi-
cin, bromelsin, subtilopeptidase, Nagarse or other enzymes that remove s
terminal part of the side chain or even the entire side chain of polymyxin or
octapeptin compounds, This treatment can optionally be followed by the Ed-
man degradafion procedure. The resuliant compound lacks the entire side
chain and consists of the cyclic heptapeptide part ondy, but has a free N-
terminal alpha amino group.

Alternatively, polymyxins and octapeptins that have amino groups
protected by benzyloxycarbonyl or t-byloxycarbonyl can be treated by oxalic
acid or formic acid o vield protected deacylderivatives, the method being de-
scribad by Kurthara ef al. (1974). The procedure is followed by further enzyme
treatment as above and/or by Edman degradation o yield a heptapeptids.

Thereafter, a suitable residue is linked to the free alpha-amine posi-
tion of the heptapeptide ring portion. The residus might contain an acy! or re-
tated residue as well as optionally amino acid residues, preferably up fo three
residues. For instance, one semisynthetic compound with an acyl group and
two amino acid residues can be prepared by adding io the above-described
heptapeptide a synthetic N-(acyl}-threonyi-Dihreonyl residue. This can be
achieved by conventional general techniques known o those familisr with the
art of organic chemistry, these techniques including the use of N-hydroxy-
succinimide-linked residues as described in US 2006004185, In this particular
synthesis the procedure may involve the use of 2-N-(n-octanoyl)-alanyl-
aminobutyryl-N-hydroxysuccinimide.

2. Acylated polymyxin nonapeptides carrying three (3} free amino
groups. Polymyxin D possesses only four (4) positive charges. f can be
treated with papain or ficin by the method deseribed by Chihara ef af. (1973)
and by Vaara and Vaara (1983a,b) to yield the corresponding nonapeplide,
The nonapeptide can then be acylated by acylisotiocyanate (by the method
well-known to a person skilied in the art and described in US 2006004185, by
acyl chioride (by the method well-known to a person skilled in the art and de-
scribed in Chihara ef al. 1874), or by using residues linked fo N-hydroxy-
sucelnimide (by the method wellknown o o a person skilled in the art and
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described in US 2006004185, The acylated potymyxin D nonapeplide carries
only three (3} free amino groups, all in the heptapepiide ring portion,

Alternatively, the free amino groups of polymyxin O can be pro-
tected by the means described above. This is followed by an enzymatic treai-
ment and an optional Edman degradation step, to yield a nenapeptide, which
can then be acylated by acylisotiocyanate (by the method well-<known to a per-
son skilled it the art and described in US 20060041885, by acyl ehioride {by the
method well-known to a person skilled in the art and described in Chihara ef al
1974), or by using residuss linked o N-hydrexysuccinimide (by the method
well-known to a person skiled in the art and described In US 20060041885, Fi-
nally, the protective groups are removed,

in an analogous manner, acylated polymyxin & nonapeptide and
acylated polymyxin F nonapeptide can be made. Both carry only three (3) free
amino groups.

3. Acylatad polymyxin and octapeptin heptapeptides. Heptapeptides
can be made by Nagarse treatment of the natural compounds, as described by
Kimura of al. 1992. Alternatively, they can be made by treatments with other
enzymes such as polymyxin acylase, polymyxin hydrolase, ficin, papain, bro-
melain, and subtilopepiidase, followed by optional Edman degradation steps.
They can also be made by deacylating the natural compounds by hydrazine or
by acids such as formic acid and oxalic acid, foliowed by Edman degradation
steps. The heptapeptide can then be acylated for instance by using the acyi
chioride technigue well-known to a person skilied in the art and described in
Chihara ef al. {1574). The acylated polymyxin heptapeptide carries only three
(3) free amino groups.

4. Yotally synthetic polymyxin and cctapeptin derivatives can be
made by the very conventional methods known for those skilled in the art.
Such methods include the liguid-phase synthesis procedures as well as the
solid-phase synthesis procedures described for instance by Sakura ef al,
(2004), Tsubery ef al. (2000a, 2000b, 2002, 2005), and Ofek ef al. (2004). The
methods include e.g. the use of protecting agents such as Fmoc, tBoc, and
CBZ at strategic positions, as well as the cyclisation siep where DPPA (di-
phenyl phosphorazidate) or a mixture of benzotrizole-1-yl-oxy-tris-pyrrolidino-
phophonium hexafluorophosphate {PyBop), N-hydroxybenzotriazole {HobBt),
and N-methylmorpholine (NMR) is used. Fmoe derivatives of many non-trivial
as well as D-amino acids are commercially available.
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5. Exemplary reactions related fo conversion of the free amino
groups fo generate compounds according fo the present invention having 2 or
3 pusitive charges may include (buf are not limitecd t0) the following reactions:

A) reaction of free amine group of the compound with a conjugetion
moiety comprising a reactive epoxide group, theraby generating a B-hydroxy-
amine linkage;

B) reaction of free amine group of the compound with a conjugation
moiety comprising a reactive sulphony! halide, thereby generating a suffona-
mide linkage:

C) reaction of free amine group of the compound with a conjugation
molety comprising a reactive carboxyl acid, thereby generating an amine link-
ages;

D) reaction of free amine group of the compound with a corjugation
meiety comprising a reactive aldehyde group (under reducing conditions),
thereby generating an amine linkage:

E) reaction of free amine group of the compound with a conjugation
moiety comprising & reactive ketone group (under reducing condlions),
thereby generating an amine linkage;

F) reaction of free amine group of the compound with a conjugation
moiety comprising a reactive isocyanate group, thereby generafing a urea link-
age.
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someve/ ess é%%%%nt than polyrnyxin B against

oG hgtﬁ%&%?’??’ ) AR CReEHAp PsSgteMt 2P Modula-
iy I%py&m B"S 8@%?%8&88%%?&@%@%%@@ on outer-
g eg%%ﬁ?ﬁ‘?ﬁ)@ 8Pk ABIIPRRolyRGAkRIifR Sirtinfization. Molecular
Pacendl %é%?f@'é%vere resistant to NA6734 also. This
" su%%ggfg)wa!fwﬁg@g ﬁl,h%yy\%@@mﬂ% Matityahou A, Fridkin
brfa%%? oAtRrlioRentite artbiise tshioutooteactionriss and mem-
- Eﬁ?é%‘fﬁ?ﬂﬁ%%sof%ﬁmaﬁmbaa@r@-mﬁmicmb Agents
SRRTBL 38R ity* of NAB 734 against selected
Gram?A¥gafvEPadernisdhe Besshylbecernsatiieusthe outer
menekyang YRS e ifiadkitd B sulfate 4 pgl0 pg4 pglo
pg EVERSH MTt98D5uibiot3ap9984:88Ble ovliants of Escherichia
coll | pRg 8T enells Agmhimgikn pAstimisorhiakuents Chemother 37:2255-
228600 TCC138836411379113 K. pneumonlae
CCUY#%E 24.6/ep01 051083 Sonaittotian of Gram-negative bacteria
to anptipiotien 216 3980l8BTY 104 Enarlosicadigopeptide. Nature (Londom)
303-32p5882335513317795143 C. freundii
ATCEBU9 0 Y3270 5P8ab AP daatnansdisiize enteric bacteria to
antibjofes CrUBIORS 7291t ShendheafuginTISa
_ ATCEZTB5d1 35885 I331BRtarbapeeinss as outer membrane-
disorEePrECBABOBOOY Ricrliradlis SRGCRA3A50600210S.
auresamE CIzE62 800802 T Adltibactermlagh\ilier membrane
disorpgoinareeh s tAWRH cvetiitndi iti ool GrasE Uaresrum bactericidal
actiopnillimetesk) 2reigaceasells containing 4 or 10 pg of the
comyienrt ¢t VBtpiades Exarmne 6. vaarkh@, aUbity ofe outer
memnd tsBresipanndssta sensitizelEacopilikliRR80 Bbiotics
44:37h6k| 15antibiotic rifampin Novel NAB
peptides according to the present invention and all
carrying at least two (2) but not more than three (3)
positive charges, were also studied for their ability to
sensitize E. coli IH3080 to rifampin. This was tested
in parallel with the susceptibility determinations
described in Example 2 and by 20 employing LB
plates that contain increasing concentrations (0.1
pg/ml, 0.3 pg/ml, 1 pg/ml) of rifampin (Sigma-Aldrich,
St. Louis, MO, USA). Table 5 shows the activity
of the NAB compounds (4 pig) against E. coli IH3080
in the presence of rifampin (0.1 and 1 pg /m1) as
compared with the activity of an equal amount of
previously described substances known to
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25sensitize Gram-negative bacteria to antibacterial
agents, i.e. polymyxin B hep- 44 tapeptide,

WO 208E5& Ipolymyxin B, deacylcolistin, polymyxin BT/F12007/050441

nonapeptide, as well as with polymyxin B. The

compounds also included octanoyl PMBH, an agent

that has not previously been ?gported to be able to
EXREze bacteria to antibiotics. 5Several NAB

compdbnfidsensiizet s Cali-di3088M0-Rdimants of the pre-
senbitibydiotesrriaheffe cbofaslemaicanaemgationsfe of the inven-
tienrifampin as 0.1 pg/ml. In the absence of the
. compounds tested, a hundred-fold concentration (10

B /‘ﬁ{f) of rifampin was needed for the inhibitory effect.

Pepls arathesifipounds that lacked a notable di- rect

antibactengfiradeiieg @t 4 B8P ventidalletarensitipedite”) were
syni{msg@[;j B creriartions 507k ampinhSushycosnpann 8Sndard Emoc
protgstfdEetedA BTOSHndAB 2t TieABTRLSs ard MAREEBavaiable
as pruptisehrdoretimedit ohtise MABrepnpewrdsttinatrbad with acig,
vieldgireeteamii betbrighiaetivity, i.e. antibacterial activity in

- the abberceegl nfémpinidee bxampie threedvsis of orthogonal
proténfiibitedthreriafget pastetimnbevenamore-afe aiivebidNgroups
whictherpresevedaiotrii o tampisavhie sakidityref 48 -Basknent pro-
tectigretivecsempating sidtAB AR 4 NARYE JAINAE G38isaitfh reaction
takeNABE 3 terateevags |yt ave pepaiterdhanethairO HR MBNninal car-
boxytiewic- leaola vefiectimeiRemaak bz @1eafidd 8r8Mof one of the
amindhaeitsast factive MWAB eEMmROKAGISKAHEIMNES Bdp, the semi-
permpositiveeltarges.pnd-d aveadd eashilvak-pasitive

chargesogintablynpapitd BRGNSV Sl 6P ARIRURE was pro-

tectetblgtiverposiioning-abulichrfteaing e RAISHLNEE by 20v
pipertiecsemBiizingvagtbyis. trshomid inderst RENOIEL WAL e
tion, N ABHdbintbadeaudRsS @aﬂprWQcia@SSW%&Bﬂf&%mi tRﬁoc}, an
acic Bpodigrpartand Ras-heJbirg @ﬁ&jl%@a&@@i@@ﬁm % ther aminc
acidsf @&mfﬂfa&@aﬁﬁ&ﬂm& '&539:@13@@?@/ ARle O by 4 group that
is stﬁﬂiﬂ'ﬁﬂ!ﬂ@ ﬁid(@élat@déf@ﬁ}j@ﬂ:q. benzyloxy&?&gﬁw )ﬁﬁnino acids
phenﬁﬁﬂﬁiﬁé)faﬁ@ﬁ@mqﬁlﬁuﬂp%w@%@%l RS lﬂ% Ztion. The
amin@ B{A WwRGIBNAVEMHE s @?%Bi@%?e@l%@e@% H'We acyiation

nrocatdre POSSESSEd the weakest sensitizing activity,
t&?atized

NAB7LS: iRl Chsh RReBIRB e iR SOMEWRR ..
wnte@ﬁ*@ﬁaﬁ@%%e@%é“&%@ﬁﬁ@@ﬂ?&:%%@ﬁ?%1?393@1tr othyl-
amm%ﬂnﬁé}(ﬁ%@ﬂ%ﬂgw&ﬂlﬁ%w%tlém§ indicates tﬁaatm

the B[%Wﬁgﬂnagmmﬂﬁ)@g\é%%gﬁ% cientific Ine, North
Kingstﬂ@ww,aﬁsw %Fo@@&%@&%e?%gg &%{l)e tep "fgt Ia:;i(fé/ids were from
a starfBFIRGNRated by lengthening the R(FA) par as’in

NAB736. It carries decanoyl residue as the R(FA)

part, lacks both R2 and R3, and is quite active as a
sensitizer. NAB compounds that carry both of
their two (2) positive charges in the cyclic part were
less active than the structurally otherwise analogous
NAB compounds that carry all of their three (3)

meeativrims AlhAarcaacs m A AviAblIA mvAart Ar DE fFAr Al A
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Table 5 Antibacterial activity of the compOt_Jnds (4 pg)
against E. coil IH3080 in the presence of rifampin*

WO 2aHAFActivity in the presence rifampin concn (PSR 7osta41

of 1.0 eference and other compound Polynnrdn B

Collstin (polymyxin E) Deacylpolyrnyxin B

Deacylcolistin Polymyxin B n Eapeptid Polymwdn B

hepta%’é%ﬂ&yﬁfNB WEHPRIREFDEYOekene ¢ P olar excess of

cach GEETEA R NDRE T Fap-Pold 98714 2706201 18 6G88tor HCTU

(seq,aponsp bRsEght il apBoripsE nb-oEthepreseie. The reac-

ton R WABACNIAB 739133177201 NAB 740959595 NAB
7371331 PO BRI BTSATBEEA 2Bady ABtected from a standard

SUPRISE 750 PEREie 4/ ABTCE TONTRY BSIINABFG65 W 33oiution of

85% trifluoroacetic acid and 5% water for 2 hours at room temperature, to vieid
the partially protected product. The resulling peptide was precipitated with di-
gthyl ather.

The cyclisation mixiure used was benzotriazole-1 =yl-axy-trig-pyrroli-
dino-phosphonium  hexafluorophosphate (PyBop), N-hydroxybsnzotri-azole
(HoBt}, and N-methyl morpholine (NMM) at the molar excess of 2, 2, and 4,
respectively. The peptide was dissolved in dimethylformamide, the cyclisation
mix was added and allowed to react for 2 hours. The cyclised, protected pep-
tide was precipitated by the addition of cold diethy! ether. Any residual PyBop
was removed by washing the peptide with water.

The remaining side chain protection groups (Z) were removed by
catalytic dehydrogenation. The peptide was dissolved in acetic acid-methanol—
water (5:4:1), under an atmosphere of hydregen and in the presence of a pal
ladium charcoal catalyst.

The peptide was purified by reverse phase chromatography using
conventional gradients of acetonifrile:wateririfiuoroacetic acid. The product
was dried by lyophiiisation,

The yield was 20-40 mg répresenting approx. 20%-40% of the theo-
retical, calculated from the molar amount (approx. 100 micromoies) of the first
amino acyl residus bound o the resin.

The purity, as estimated by reversed phase HPILC was more than
85%. For acylate¢ peptides, the Edman degradation preduct did not reveal any
amino acid residue, indicating that the a-amino group of the N-terminal amino
aci! residue was blocked, as expected, due o the successful N-acyiation.
Within experimental error, the masses obtained were those expected from the
theoretical vaiues.
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NAB 707587113 NAB 71613133165 NAB 71977995
NAB 7380133177 NAB 71707195 NAB 718013133

WO 20RNB733095113 NAB 7360113133 NAB 7130208807050441

NAB 7150033 NAB 72101328 NAB 731005(22") NAB

7100713 NAB 7090013 NAB 708000 NAB 725000

NAB 726000 NAB 722000 N&% 735000 NAB 701000
Ex38I8 202000 NAB 703000 Antibacterial activity
Dhreriandlrstead aseviontthe nhibitondimseustrBscherichia coli

milliméstets)soratingiba welkoomainngAegad &ast o (2) but
not g oo ke Pl atesw ianesn fRmRRINSIHRRBINGRL o inhibi
the gro®i pighMd)i THes veds eclfepERAS e S \Ws A 2ipsd ennox,
Difcushil Spwredl santainingpkngres tRe-6RMPEMRGH 47 ol 1H3080
{(K1:E1@nmpieab sidagsability sohithe AR GRIROUHHS: Qonate suffer-
ing $ensitizenfningtabacies/bassnanii e BSeURORMENAS Public
Healie hugiime Sactainii rapeakiantibiotic rifampin NAB

peplidesirelasect QPSRN IR I ABER 6rAl80gar, & suspen-
siensiﬂﬁhﬁidﬁmmsﬁrﬁb}ﬁﬂ){)@%@ﬂt'ﬁg%D‘NQ@IPmﬂﬂﬁw of this sus-
penasidvdraeiigpiesaderitamnpia: (Jiakle H) EEQ'%IXY{%S\&@F@ gently
shaltﬁsted;ifb@ﬁfﬁﬂ%h%hs@?&@ﬁ?‘%mimit%ﬁ%tgﬁ@@wmg piate.
Thedega!ihed HadsXa8apiesS-ang QMSS&Q&YMG le%&lgéeb% using a
PastiabipOIRi oMRdNGECATNG FRNGRAGHANS(O (&izﬂ%[g\]g QOn?Fn) were
drille ithe :b!ﬂgémi\)é}xr&i@'@mﬁte} by using a sterile sharp-edged narrow
metal tube, single-use pipesite fip, and vacuum suction, Samples (4 uf and 10 ul) of
the peptide solution in 0.9% NaCl (at concentrations of 1 pg/mi and 0.1 pg/mb)
were then pipetied 1o the wells and the sample fluids were allowed to absorb.
Controls inciuded 0.9% NaCl solution without the compound o be fested. The
plates were then incubated for 18 h at 37°C whereafier the diameters of growth
inhibition zones around each well were measured; the diameter of the well it-
seli was not reduced. Finally, the diameters were converted to surface arcas of
growth inhibition (in square mm).

Table 2 shows the antibacterial activity of the derivatives against £,
cofi IH3080 as compared with that of an equal amount of polymyxin B as well
as of some polymyxin derivatives not related to the present invention, NAB734,
NAB737, NAB739 and NAB740 were the most antibacterial compounds and
were even more antibacterial than polymyxin B against £. coff IH3080. A well
contgining 4 pug of NAB739 produced a growth inhibifion area as wide as 133
square mm. In afl these four NAB compounds, the side chain consists of two
amino acyl residues that carry hydroxyl groups.

Unllke NAB739, NAB7061 was not antibacterial at 4 ug. However, if
displayed notable antibacterial activity at 10 ug. NAB7061 differs from NABT73G
only by carrying Abu (instead of DSer) in R3. Prolonging the length of the fatty
acyl part from C8 in NAB7081 to C10 in NAB7082 resulied in notably en-
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Several NAB compounds possessed a very marked
abili%to sensi- 10 tize A. baumannii to rifampin. The

wo zmésﬁﬁty of the most active compounds NAB 7347 CT/Fiz007/50441

NA8737, and NA8739 was clearly even better than

that of PMBN, the well-known,_gffective permeabilizer
haﬂ% Bhapﬁ igg/lcferl}la@m_% inhibited the growth of P.
; de%eiam%%%sa soﬁﬁwg’tﬁﬂ@?@?q Pt preseiiienthres other pep-
aphfampin S\t]%ﬂafr} RaNG LR dsriexpiaraiskistivsibrerdeil aciivity,

activi (¥ SPRIEIVERTL O RGRe PEb B oRibRIs(ash ghtibacterial com.
p{'méi}gféiin t Acinetobacter baumannii and Pseudomonas

aerugihDSH 1A tHERSFSE e Sraotaidpiiemvianiecsrial to E. col
e, nﬁ% S?.“‘i%ﬁﬂ%i’ﬁﬁ%ﬁiﬁeﬁ@@ﬂ%%%@a@mmﬁMthree or
at ! J'PER S0 10 B7'e 008 TipRaNABE 2081 Mbar286Me latter
cas i\ KH SR Rsi50% 0 57 9= o7 FED s o R pARNe potency of
the SnipareE Bty against £.cof i

NABT T 0¥ 8P1 SwomGthe Kgkis 7360064 54888888 length
of the fido\ piain han Signiient BHeT O NBETBTS8Y of the antibacterial
20 FERTEEEP of 2 sidp kB R8EUHE 546 1SEEMN ABino acyl resk
dues SePpis Ly PS IMBBRMERINRB O 188 BHREEH64GE6MsL £ cof
sincg BRISNPALEYE Bekingeite B2 (NABEEh oybIMBHINGRS (actanoyl
PBHTeAlD lapkeridhe o apiivittatbaitiliactivity coebtnsadad in the
assays HRwM b tRinbRItENIPEnds thatites railkinvaters) resiaumtcan be
compeniaipd Sk tehinih i depy diatemm peihe, annlateserilt residue
as e H#Impin (control) or with rifampin (0.1 or 0.3
pg/m1) WO 2008/017734PC17812007/050441 48



Example 7. NAB7061 sensitizes E. colt Klebsiella
pneumoniae, and Enterobacter cloacae to a broad

WO 20¥HGeé of antibacterial agents The minimum inbilitoryresias:
concentrations (MIC) of a representative set 5 of
clinically used antimicrobial agents were determined
for two strains of E coil (ATCC25922 and IH3080), K.
pneumonfae ATCC13883, ant! E. cloacae
AlGC 23355 by using Mueller-Hinton agar medium

duct no Lab039; LabM Ltd., Bury, Lancs, U.K.) in

T BRI Setiriiarorcri

ﬁiglgg}lthromycin
ﬁ:&;’l;thromycin (3
Nagorgsome of the
NA s

N@anuprlstl_n-da
nay/aBcComycin. A
ai@tably hydrog
naknOWN to be e

NARZAM-negativg

NAB 721

nadM. NO signifi
NSy lested by

NAR 7 .
nad@eind to piper

635280).. GHIEECHEY (24:512);

31-94), erpthsomypsin (21«
strdins, 16 fj§HiEHcid;®

Il these afjtifARIEHAl agén
keluded by theaEEt Of df

using E. co/i-AT8825922)

acill%, ceffadidiii& tefdtaxi

N :
N:géﬁofloxaqn, q
nadt@bramycin, alf

iproftoxaesin

RerspeEnem
agénts IRaf A& i trophil

D0 48), and
2 3

[fopristin sdindarmyein, li«nezofid, and
s gre
hobic or fargex¢rancomycin) and are

3
3

2 baeteriarbut penetratethe dama&d

cantsenSiliZaff{8ensitizatibn factoy

was 252

e,

, and
cQr

3

L3

3
3

3

2
2
3
3

etatively hydrophitic ard against-whigh
n effegtive permgaBiliy.Barriel’

seteetedrantibacterial agen

9 Tablel7

iheointaé O

<

—t
(7]

oD oo
VOOV OO ROOON GO WS oo

absence-MtCswere-determined-by-usig-E-strips
(Biodisk Ltd., S r:Ijgm Swesdbugen) accordingidedhifs | antbacteral
manufacturer's frSttetinrad iesA L activiy at
m%%%ﬁgn l e-nd didhfrot imﬁ:émhibimh_ ‘@@Wth‘t@f 44y T0ug
rhedarget bactewias d he MIG oENAB7061{foLE. cqli | ,, | .
ot ;
ol AT K. pheimoffae AToe13883 Was >16 | W | wo
bggsin for E. cq!i ATCC28922:Lhpg/mi, andgor E5 | 5 |
PSS ATC23355 S fy/mETAErestlty afe shown o | o
xapreTable 7. NAB7061 at.aconeenriration of £54 § | 5 | ©
oldimlkwas ablg to sensitize iHeTEsted stfaisto 4 | © | o
p ; o . CYf[XX‘ELXX’I% 9 3 0 0
o dsnfgﬂmpln”by a factor ranging from 170 to 3500.
‘worpstiZatioh factoy,is defined as.the ratio ofthe MIJ
:;*‘ég;“gn antibioticlin the abserpesEMNAB£061 o thai in o5 1;;
Ly 1 A
nathé: presence qf 4 Bo/mI.gf NASTO61. Extrerhely High ol B
NABERKtization fdctors were ehigerwed alkso o 3 3 50 | es

o T
RN

SoCcooscooNBocoonoaeRY

at NAB 7061 concentration of 4 pg/ml E. coil ATCC

25022 E. colt IH 3080 K.

pneum. ATCC 13883 E.

cloacae ATCC 23355 Rifampin** 250 - 750 170 - 350
250 - 500 750- 1500 Clarithromycin™ ‘
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170 - 380 100 - 260 63 85 - 380 Mupirocinn" 54 - 170
- 85 24 - 32 250 -512 Azithromycirr 24 -64 31 - 94

64
WO NERTAS 32 Erythromycin™ 32 -48 32 - 42 24 - YTgHs041

Fusidic acid >43 >43 >4 >8 Quinupristin-dalfopr. > 21
>21 1 > 5 Clindamycin 6 41

* Antibacterial activity measured as the growth inhibition (in square millimeters) around a well coniaining
4 or 10 microgram of a compound on LB plates

** One-lstter codas for amino soyl residues: A, Ala; F, Phe; K, Lys; Lleu; 8, Ser; T, Thry X Dab; 7, Abu;
B, N-y-formyl-Dab; J, N-y-acetyl-Dab. Underlined lefters indicate resicues that are In D-configuration. Bold
letters indicate residues that carry a positive charge. Bold + indicates the positive charge of the a-amino
groug In the free N-terminus of the pepiide. Abbraviation; oy, cyclo.

*1In the seguence listing X, Z, B, J and amino acids in D-configuration are denoted Xaa, and defined as
modified residues (MOD_RES),

Example 3.
Birect antibacterial activity of selected NAR compotinds against Acineto-
bacter baumannii and Pseudomonas agruginosa

Direct antibacterial activity of twelve NAB compounds against Acine-
tobacter baumannif ATCC 19606 and Pseudomonas aeruginosa ATCC 27853
was tested by using the susceptibility determination method described in Ex-
ample 2. The resulis are shown in Table 3. Five compounds (NAB7062,
NAB734, NAB737, NAB739, and NAB740} had notable activity against A.
baumannii. In Example 2, the same compounds were shown 1o be very potent
against E. cofi. The antibacterial activity of NAB738 and NAB740 were as
strong as or even stronger than that of polymyxin B.

Against P. aeruginosa, the most active NAB compounds wera
NAB738, NAB740 as well as NAB736, which is quite inactive against E. coli

and Acinetobacter baumannii. NAB740 was the most active compound and ifs

activity was as strong as that of polymyxin B. All the three NAB compounds
lack positive charges in the side chain and were still active against P. aerugi-
nosa. This finding is against the conclusion of Srinivasa and Ramachandran
(1980a) that the free amino groups in R1 and R3 are essential for the growth
inhibition of P, aerugincsa.

Surprisingly, NAB736 is rather effective against P. aeruginosa
whereas octanoyl PMBH is much less effective. Accordingly, lengthening the
R(FA) part from C8 to C10 has a marked effect on the activity.

RECTIFIED SHEET (RULE 81}
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12 43 32 Llnezolid >11 >8 >4 >8 Vancompain 5 25 1
32 PolyrnyzinB52 1 4 Trimetoprim4 32 3
8

WO 2B 2ifoxacin 2.5 4 1.4 4 “Sensitization factor 1§ HRgo7es0441

ratio of the MIC of the antibiotic In the absence of

NAB 7061 to that in the preseggce of 4 pg/ml o_f NAB

7061 ** Results from five independent determinations
Tabie 3
Antibacterial activity* of twelve (12) novel compounds against Acinefobacter
baumannii and Pseudomonas aerugincsa

|| A baumawi ATCC 19806 | _Ps. seruginosa AToc 27853 |
e 4 g 10 g [ Ay ] 10 g I

NAB 7061 0 0 } 0 0 !

NAE 7062 13 o 38 g o ]

NABTIS T T T T T T T T R T
NAE 717 G D I I O T
INAB 778 e T i) TtTeeTTTT o

'NAB 719" R B L 6"". I _ o "_Ml o
NAB736  ~ T e T R R " I 7T

NAB 734 I TTEg [ - - R R
INAB 737771 ag T I A B

[NAE 756 O TR T e T
NABT7SS T TIIE 177 1 Tgg T 79

NAR 740 133 -

T:’olymyxi-ﬁmg— 1'1—3 _‘”--“.73752_».“' _i_ a Mpgs_n g

PMEN In g I R AT ‘
Getanoy BMER nd S A T i - R R

" Antibacterial acivity measured as the growth inhibifion (in sguare milimeters) around a wall
containlng 4 ar 10 pg of the compound on LB plates

Example 4.

Direct antibacterial activity of NAB734 against selected Gram-negative
bacteria

The susceptibility of eleven Gram-negative bacferial strains {nine
different species) to NAB734 and polymyxin B was compared by using the
susceptibility determination method described in Exampie 2. The sirains in-
cluded those belonging to the species of Serrafia marcescens and Profeus
mirabilis, both species generally known to be resistant to polymyxin. Further-
more, the susceptibility determination was also performed by using the Gram-
postlive bacterium, Staphylococcus aureus, also generally known to be po-
lymyxin-resistant. Ten of the strains originated from ATCC (American Type
Cuiture Collection, Manassas, VA, U.8.A.), and one from CCUG (Culture Col-
lection of University of Gothenburg, Sweden). The source of E. coff IH3080 has
been described in Example 2. Polymyxin B sulfate was from Sigma-Aldrich (St
Louis, MO, USA), '

The results in Table 4 show that NAB754 can be generally regarded
to be approximately as potent as polymyxin B against £. coli, Klebsiella pneu-
moniae, Klebsiella oxytoca, Enterobacter cloacae, and Citrobacter freundil. it

RECTIFIED SHEET {RULE 91)
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Results from two independent determinations 10
Example 8. Susceptibility of 33 different strains of

WO 2 ¥AMnegative bacteria to rifampin and claritHiehyedrosos

in the presence of NA87061 (4 pg(m1) The
minimum inhibitory concentrations (MIC) of rifampin
and clarithromycin for a representative set of different
apwﬁ Xl ﬂmﬁfﬁm/ IpEtcRpagt IBGrelrmnegtiveinst Acinefobacter
baygraayt g, sireckemmriant ByptheoBstest Metsidtasimdomonas
"EQ&’&‘?%I@“P@WP%VV%M@MW@II@*mmagantwm&wﬁ; species
gt A BPB6Y eepdhirlyditit donbéBnation efvery speciic
antRAKISTHH 6 TiRNCPRb AL 4 ik it thefigr twhito tiheatasg Rkt of po-
ymipde-foria The strains originated from ATCC (11
Tl |ns) CCUG (11 strains), and NCTC (The National
Amlga lection of T e Cultures, Colindale, UK; 2 strains).
%Fﬁ&%wn tiffR E%f@%@%%aswwmna and
B‘-‘afg'ésﬁfﬁwﬁe|q.nm Einland_The source of E. coli

Str
“IE- 13080 has been cuven i E%mple 2. Sen5|ti°£é‘(t‘i‘é?f‘f15$wfafe

faciarnas-de ed u..- ampléd % The res are  10ug
E «Sh@i In Table 8. For a stralns li ) belonglngggb h f‘gg
K. pmpjaeemsfsaag of E. aalt, K. oxyigca, E. cloac,a_;e 113
1 PaHetEe fENRSIE the MIG425 of rifaspin was as lew < 133
@lﬁgﬁ@gﬁ in the preﬁgnce of NﬁB?OGl (4 pdfinl) 104
(; ralingh Khecseupsitization fagtor varieg from 85 to 2 Joo. o

A blesynsimitasaesults wegg obtaineghwith clarlthrqggycm 154
F’ Eﬂlﬁeﬂmeewz?msof seventeen straigs belonging tgs 50 133
o OFE8Msisting of E. coli,oxytoca, E. cloacae, o

i T é%ﬁPﬁju the MI(? of clarithfomycin was as low o

% | .-._-- o FE.NABR7061 (40 ]
wn?apgéﬁiﬂy e aihthe St (e SO e T AR around wels
fa?t%r varied from 90 to 1000. Strains of PC
Fum}gmae remained somewhat more resistant to
a0 PTG comperids & rrasiizadh sabibideatod model
IE:’b';’ /8RB and 500. For the three strains of A.
 baurlfaymi/hesrieitiratiiindae thesonatigdbetaend all car-
rying 2 Iagfd o 52)m thiemrers it ghideC ) ahsisanBErggs) itRure aiso
studigg\ip fbeiifalifite <<0slt28 BofmillaButadociarfifiro MyCiths tested
in pacalipbily e B)soAO DD 840 Tv BRI C et BO0 FLOBRAAL2 and by
emplayingriehieigsThrs cahitityirefdsishi3 OB IBISENSINIZQ/mI, 0.3 pg/mi,
1 Lo/ anirrerjatRienzatittiia ®. modakanttEetics (rifam in
and tiathrboweihe MEi(poinr: YA &ﬁf'ﬁ)‘émﬁt{@@dyl%amst £
coli THBRfni thef pieSmnsitiziitionn @ abstraindifaniaiRdMbared with
the am@;gfg_fc@oréqmaﬂmmlﬂrémdm described substances known to
sensitize Gram-negative bacteria to antibacterial agents, i.e. polymyxin B hep-
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factor" presence of 4 Wm!1to rifam pin j presence of
pg/ml to clarithromycim of NAB 7061' 1--- of

Wm"‘ﬁrﬂﬁ%al -l E. coli ATCC25922"9" "L .CEWB2007/050441

-0,047 250-750 0,094 - 0,125 170-400 E.li
H3080**'*'(0,023 - 0,047 170- 350 0,047 - 0,064

190-260
tapeptide, deacylpolymydn B, deacylcoli$tfﬁ, polymyxin B nonapeptide, as well

as with polymyxin B. The compounds also included octanoyl PMBH, an agent
that has not previously been reported to be able to sensiize bacteria o antibi-
ofics.

Several NAB compounds sensitized £, colf IH3080 to the antibacte-
rial effect of as low a concentration of rifampin 25 0.1 pgfml. In the absence of
the compounds tested, a hundred-fold concentration (10 pg/mi} of rifampin was
needed for the inhibilory effect. Several compounds that lacked a notable di-
rect antibacterial activity at 4 ug were able fo sensitize the target bacterium o
rifampin. Such compounds included NAB7061, NAB717, NABY18, and
NAB733.

Furtharmore, most of the NAB compounds that had direct antibacte-
rial activity, i.e. antibacterial activity in the absence of rifampin {see Example
2}, inhibited the target bacterium even more effectively in the presence of ri-
fampin, The ability of the most active compounds NAB734, NAB737, NAB738,
and NAB739 was clearly sven better than that of PMBHN, the waii known effec-
tive permeabilizer of the OM.

The most active NAR compounds carry three (3) positive charges
and have at least two (2) positive charges suitably positioned in the cyclic part,
the relative positioning of which affecting the potency of the sensitizing activity.
It should indeed be noted, that NAB718, that carries only two positive charges
in the cyclic part and has the third pusitive charge in the form of a Dab residue
in R3, is notably able to sensitize £. coli to rifampin.

Amongst the series of compounds all having octanoyl residue as
R(FA), octanoyl PMHP, that lacks both R2 and R3, possessed the weakest
sensitizing activity, NAB713, that lacks R2, possessed a somewhat better ac-
tivity, and NAB7061, that possesses both R2 and R3 had s remarkable activity.
This indicates that the presence of R? and R3 is advantageous. However, their
absence can be at least parfially compensated by lengthening the R(FA) part
as in NAB736. i carries decanoyl residue as the R{FA) part, lacks both R2 and
R3, and is quite aclive as a sensilizer.

NAB compounds that carry both of their ftwo {2} positive charges in
the cyclic part were less active than the structurally otherwise analogous NAB
compounds that cairy ail of their three {3) positive charges in the cyclic part, o,
for one compound (NAB708Y, inactive in the study conditions employed.



E. coil CC1JG41421j0.032 - 0,064 125f1 0,125 400
Li E. coil CCUG41422J, 0,094-0,125 170 - 256 J0,25
WO 2HEE. coil CC11G414240.064 - 0094 85 - 9F (R 7/050441
130 E. coil CCUG414250.016 - 0,023 200 - 260
0,047 340 E. colt CCUG4142475IO,032 - 0,064 100 -

250
NAB compounds that carry two (2) positive charges In the side

chain and one (1) positive charge in the cyclic part have very modest, if any
activity, in the study condiions empioyed. NAB735, that carries all of its three
(3) positive charges in the side chain is inactive in the study conditions em-
ploved. Again the relative positions of the said charges in the cyclic part af-
fected the potency of the sensitizing activity.



0,064 250 E. coli CCUG414290,032 125 - 250fi 0,064
250 E. coil CCUG41432 0.032 180-250 0,064 90 E.

WO SR TC13351 0,032 - 0,047 340 -500 0,035CTBBIE0S0441
colt NCTC13353 0,064 125-250 1 -2 260 K.
pneumoniae ATCC13883*'0.064 - 0,125 250- 500
0,19 K. pneumoniae CCUG454212 - 3

Table §

Antibacterial activity of the compounds {4 ug) against £. coli IH3080
In the presence of rifampin®

Antibacterial activity in the presence of
rifampin conen (pg/n) of
0 0.1 1.6
Reference and other compounds
Polyrmyxin 8 78 ©5 104
Cofistin (polymyxin E) ND ND ML
Beacyipolymyxin B 57 79 127
Deacyicolistin 78 BY 127
Polyriydn B nonapeptid g 20 113
Polyrnyxin B heptapeptic 0 4] 38
NAB 704 4] 4] 24
NAB 705 G ¢] 5
Qctanayl PMBH 0 o) 38
Novel compountds of the pressnt invention

NAB 738 133 77 201
NAB 740 95 a8 o5
NAB 737 133 177 201
NARB 734 113 154 201
NAB 7062 50 104 104
NAB 7061 1] 113 158
NAB 706 5 79 133
NAB 707 B B8y 113
NAB 716 13 133 165
NAB 718 ¥ 9 98
NAR 738 0 133 177
NAB 71T 4] 7 a5
NAB 718 1] 13 133
NAB 733 0 95 113
NAB 736 0 113 133
NAB 713 o 20 38
NAB 718 0 ] 33
MAB 721 G 13 28
NAB 731 1 4] 5 {22*)
NAR 718 0 7 13
NAB 709 4] 1] 13
NAB 708 0 0 0
NAB 725 0 0 0
NAR 726 O 4] +]
MNAB 722 0 G o
NAB 735 ¢ 0 Q
NAB 701 ¢ 0 4]
NAB 702 0 0 G
NAR 703 4] 4] 0

* Antibacterial aciivity meagured as the growth infibition {in square millimeters) around
& welt containing 4 pg of & compound on plates with no rifarpin or rfampin {0.1 or 1.6 pgfml)
** The value in parentheses was obtained using a well containing 10 pg of the compound
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10 - 20 24 10 K. pneumoniae F145j0,19- 0,25 170jf
025 170 K. pneumoniae F144J0.19 >170J,L >43 0.75

WO 008017134 2 64.... 24 K. pneumaonig@oo7/050441
F136J0.75 K. oxytoca ATCC131820,032-0,047 6 0
- 750 0,25 47
Exampie 6.

The ability of the NAB compounds to sensitize Acinelobacter baumannii
and Pseudomonas aeruginosa to a model antiblotic rifampin

NAB peptides related to present invention were also studied for their
abifity fo sensitize A. baumannii and P, agruginosa to rifampih {Table B). This
was tested in paraliel with the susceptibility determinations described in Exam-
ple 3 and by employing LB piates that contain increasing concentrations (0.1 ug/mi,
0.3 pg/ml, 1 pg/mi) of rifampin.

Several NAB compounds possessed a very marked zbility to sensj-
tize A. baumannii to rifampin. The ability of the most active compounds
NAB734, NAB737, and NABT739 was clearly even better than that of PMBN,
the well-known effective permeabilizer of the OM. NAB738 inhibited the growth
of P. aeruginosa somewhat better in the presence of rifampin than in its ab-
sence.

Table 6

Antibacterial activity* of twelve (12) novel compounds (4 g} against Acinafo-
bacter baumannii and Pseudomonas aefuginosa in the presence of rifampin
(0.1 or 0.3 ug/ml)

¢

[ A. baumannii ATCC 18608 5 Ps. aeruginosa ATCC 27853 |
P o 0O [ 61 T 03 170 | x| 03
INAB 7061 0 i 28 | | o |
INAB 7082~ 7 3T - A R e i
INABTIE T g : g
INAB 717 g T
INAB 718 ; o7
INAB775 § I A
iINAB 736 ] ! B/
INAB 734 7 g ' B I
NAB 787 7 TRg T I o T 20
._Nﬁé?éé%”“‘m“é”“‘“:"’_9“5‘”“5“"154_. B T N
INAB 739 18 A T AT ! T e
I N - N~ -~ S N S .
PMBN T T T 193U HE TR T s
‘Octanoyl PMBH| _ nd_ 1 nd 7 nd O D T e
| b | l i i i

* Anfibacterial acivity measured s fhe growth mHbIon (in square millimaters) around
a weil vontaining 4 g of a compound on plates with no rifampin (conirot} or with rifampin
(C.1 or 0.3 pgiml)

RECTIFIED SHEET (RULE 81)
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260 K. oxytoca CCUG5168310,012 - 0,023 f 700 -
2000 750-1500 0,19 T0,25- 0,75 250 90-400 E.

WO 2 H3GAe ATCC23355"+"™0,008 - 0,016 E. clBEkH07 /050441
COUG529470,032 - 0,0471 500 - 1000i0,38 350 E.
cloacae F23010,016 -0,032 15000,047 1000 E.
cloacae F232r0,023 1400 10,894 500 C. freundii

Exagei080900023- 0,032 500 -1000
NABT061 sensitizes £ ooli, Klebsiella pnewmmonias, and Enferobacter

cloacas to a broad range of antibacterial agents

The minimum inhibitory concentrations (MIC) of a representative set
of clinically used antimicroblal agents were determined for two strains of £, coli
(ATCC25922 and IM3080), K pneumoniae ATCC13883, and E. cloacas
ATCC23355 by using Mueller-Hinton agar medium (product no Lab03¢; LabM
Lid., Bury, Lancs, UK} in the presence of NABT061 (4 yg/ml) as well as in its
absence. MICs were determined by using E-sirips {Biodisk Lid., Soina, Swe-
den) according to the manufacturer’s instructions. The NAST061 concentration
used did not itseff inhibit the growth of the target bactera. The MIC of
NAB7061 for E. coli IH3080 and K pneumoniae ATCC13883 was >168 yafmil,
for E. colf ATCC25922 16 pg/ml, and for E. cloacae ATCC23355 8 pgfmi,

The resulis are shown in Table 7. NAB7081 at a concentration of
4 pg/mi was able to sensitize the tested sirains o rifampin by a factor ranging
from 170 to 1500. Sensitization factor is defined as the ratio of the MIC of an
antibiotic in the absence of NAB7061 to that in the presence of 4 ugiml of
NAB7061. Exiremely high sensitization factors were observed also to clarithro-
mycin (63-380), mupirocin (24-512), azithromycin {31-94), ervthromyxin {21-
48), and for some of the strains, to fusidic acid, quinupristin-dalfopristin, clin-
damyain, finezelid, and vancomyein. All these antibacterial agenis are nofably
hydrophobic or large (vancomycin) and are known 1o be excluded by the intact
OM of Gram-negative bacteria but penetrate the damaged OM. No significant
sensitization (sensitization factor <2, tested by using £. colf ATCC25822) was
found to piperacillin, ceftazidime, cefotaxime, levofloxacin, ciprofloxacin, mero-
penem, and tobramycin, all agents that are hydrophilic or relatively hydrophific
and against which the intact OM is not an effective permeability barrier.
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24 - 32 0,125 250 50 740 100 Ac. baumannii

ATCC196060,094 - 0,125 0,5 Pc. baumanmrlcwmzﬂu?msmu

W 3Mn10,032 - 0,19 21 -125 038 Ac. baumanhi

P2640,125 32 0,25 S, maltophilia ATCC174442 4 -
864 S. marcescens ATCC81Q016 <2196 P. mirabilis
CC29906 <2124 P. vulgans ATCC133151-15
Taids o
Sensitization factors® to selected antibacterial agents at NAB 7061 concentra-
tion of 4 ug/m!

E coff £. qoff K. preum. E, slogcae

ATCC 4 3080 ATCC ATCC

25022 13883 23355
Rifampin™ 250 - 750 170 - 356G 250 - 500 780 - 1500
Ciarithromycin*™ 170 - 380 190 - 280 63 85 - 380
Mupirocin®™~ B4 -1970 64 - 85 24 - 32 250 - 812
Azithromycin™* 24 - 54 3194 31 -43 32
Erythromycin™™ 32458 32 - 42 24 - 48 21-43
Fusidic acid > 43 =43 >4 > 8
Crinupristin-daifopr. > 24 > 1 =5
Clindamycin & 12 43 3z
Linezolid » 1 >8 >4 > 8
Vancomycin ] 2.5 1 32
Polynyxin B 5 2 1 4
Trimetoprim 4 3 2 3
Moxifloxacin 2.5 4 1.4 4

*Sensitization factor is the rafic of the MIC of the antibiotic in the absence of NAB 7051
{o that i the presence of 4 pgiml of NAB 7061

** Results from five independent determinations

** Results from we independent determinations

Example 8.
Susceptibllity of 33 different strains of Gram-negative bacteria fo ri-
fampin and clarithromyein in the presence of NABT061 {4 pg/mb)

The minimum inhibitory concentrations (MIC) of rifampin and
clarithromycin for a representative set of different strains of clinically refevant
Gram-negative bacteria were determined by the E-test method as in Example
7 and by using Mueller-Hinton agar with or without NAB7061 (4 ug/mi). This
cencentration of NAB7061 did not itself inhibit the growth of the target bacteria.
The sirains originated from ATCC (11 strains), CCUG (11 strains), and NCTC
(The National Coliection of Type Cultures, Colindale, U.K.; 2 sirains). Eight
strains (the F-strains) were purchased from Mobidiag Ltd., Helsinki, Finland.
The source of £. coli IH3080 has been given in Example 2. Sensiization factor
was defined as in Example 7.

The results are shown in Table 8. For all strains (17} belonging to
the group consisting of £. coli, K. oxyfoca, E. cloacae, and C. freundli, the MIC
of rifampin was as low < 0.125 ug/ml in the presence of NAB7061 (4 pg/mi)
and the sensitization factor varied from 85 to 2000. Very similar results were
obtained with clarithromycin. For fifleen out of severteen strains belonging {o



Al A P. aeruglnosa ATCC2785312 - 16 k- 232 P.
%glnosa CCUB51971>32 <264 P. aerugmqﬁ@2
we m% 8>32 <2 256 5Results from two independent pTsh
determinations ** Sensitization factor is the ratio of
rifampin M IC in the absencezgf NAB 7061 to that in
the tibo% égnsser‘aﬁgra‘go“c“ %/I%]r%f Ofo'élaAE Z%%lff!;nsang HZRU0N e i
or B ‘@% it KFicH Al UL RIS it NS00
190? 5?‘1 sfl@uls. ti‘ﬁ senﬂtl I%’H] ?c\:}gr varied from 80 to
100 2 - Qr& i LA e o o
R o e el %Jﬁﬁ%“?r e thrERTRG PSR SHP- For the

ﬁhrees atnsoa Ons d tion fact b
|ons ﬁlgfh ewﬁa ion factors varied between 24 and

e |na
125 0 TR b0 5D A 4 = 0125 v
and i KB H 08T $Ehe 2 8¢ Bhrbapenem-resistant strains of

Acinetobacter to carbaperients The minimum
inhibitory concentrations (MIC) of two carpapenems,
5 imipenem and meropenem, for three strains of A.
baumannii were determined by the E-test method as
in Example 7 and by using Mueller-Hinton agar with
or without NAB7061 (4 pg/m1). This concentration of
NAB7061 did not itself inhibit the growth of the target
bacteria. Sensitization factor was defined as in
Example 7. The results are shown in Table 9.
NA67061 sensitized both carbap- 10 enem-resistant
strains (F263, F264) to both carbapenems by a factor
>4. Table 9 Susceptibility of imipenem and
meropenem against Acinetobacter baumannii strains
in the absence of NAB 7061 and in the presence of
NAB 7061 (4 pg/m1) iStrainMIC (pg/m1) of
imlpenemM1C (pg/m1) af meropenem l.Yet the
indicated canon (pg/rnijlat the indicated concn
(pg/m151



rof NAB 70611iof NAB 7061 ---4- -1 : :04ilo, , 4 A.
baumannii ATCC19606 10.38 .0.380.75[ iA.

WO 2B Rfannii F263(>3286 A. baumannii F264--T¢PERHs0441
Example 10. NAB7061 sensitizes E. coil to the
complement in fresh normal serum The ability of
NA87061 to sensitize encapsﬁ]lated smooth strain of

Tabfe &0/jto the bactericidal action of normal guinea pig
Thesd¥inr{ GMB)0fE® studitd GBbydbaivaethesta o model antibiot-
ics (deseribad bervaangcal a/. (1984). E. coil 11-13080

(018,10) Was growratigeBprothetR-tenth bennm s ssmmmion
BadrifEEB D, Sparks, WDt ¥R at 36N peioitanycin inthe|  facior
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E. coll CCliaatve the ¢ mplement SETUHITHRS IIIL,UIQQM:U at 550
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K o esisametnts; e NAR70B LD 020 mi 9ED-9% 250
K. oo@GltuEneplate Wepi2- 0623 700 - 2000 0,19 250

E. oloagaedd e23385570 ~1/ #16504760- as.i |1~ 80400
E. cio%r}éé’(:ﬁtfdszdw‘” = 2’-‘604?"" 500;,1%%;‘,\ AS |P\?§£pﬁ?pd 350

E. st 101 2 11 WHeTesaes @ach wethyvas empiige-onte 1060
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serum (GPS) against E. coll IH38'§p(5n(018 K1)*
Concentration of NAB7061 (pg/m1)
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0124 none (PBS) 100 97 97 79 10% GPS 270 230
2 0 10% GPS, heat inactivated 500 500 500 250

WO 2085 Mbasured as % survival after 2-hour treatfhEREHE 1544

37C Example 11. Reduced affinity of NA87061 to the

brush-border membrane (BMW) of the renal cortex

The binding of the compounc1552 according to this
Exampigftion to isolated 20 brush-border membrane
NAREISH peRsfiiate sehaperseseeiaintestriies nledeinetobacter to
SarBABHERIR) by measuring their ability to inhibit the

bindirgeofizidigtabiitcgentantyaind BB ME two carpapenems,
imipATeo rihghy pbiees=compibtards Aecor ding iaims were determined
by the\Fetationethat fcivEresplaffimitybiouBR\BRA-faton agar with or
withexta¥AP eI dly payviin isrdb i ihaidsi BERIG TTE 1 did not itself inhibit
the parolite-tdilfel leehetamntasmy cGiariaialrasersegreatha as in Exam-
pie doBs: pelymysin BodbBBMbwas isdated &oprithe both carbap-
enererakeotidsied (nale Blisl @ iRis: Byussig Ry a factor >4.

Mg211EGTA precipitation technique as described by

Ta ’Iﬁggai et at (2006). The binding of gentamycin was

SUSW@@%’I’QH*WIW todtegamet rgdick Jeribeddsyor baumannii
7 16 #pd imibeBiBdvevesiE A3 (2B 13 ng/mi)

iStrai 1}
%iﬂrﬂ{lﬂ‘% AM-HEP V%%%cncrﬁ}%ﬁ MM af %He%{iﬂ lﬁzﬁmﬁl)

" thepresenceaf 20 @én amycirr ECC

Sham "BTOSCTeITC'ES’Tb‘lC‘“B ckinghamstire; uksﬁ with—3

Wﬂ:@ THqe CO m@éﬁmd, ST, .- SN I S L - S - T
A t}aumannn lgg 32 8 ! >32 4]
?

%A baumanni F264 B Y S

Example 10.
HABTYOGT sensitizes E. colf to the complement in fresh normal serum

The ability of NAB7061 to sensitize encapsulated, smooth sirain of
E. cofi fo the bactericidal action of normal guinea pig serum (GPS) was studied
by the method described by Vaara ef al. (1984). E. colf 13080 (018.K1) was
grown in LB broth (LB broth Lennox, Difco, BD, Sparks, MD, L.S.A) at 37°C in
a rotary shaker into eary logaritmic growth phase, washed with PBS (phos-
phate-buffered saline, 8.0 g of NaCl, 0.2 g of KCI, 1.44 g of NagHPO, ¥2HO
and 0.2 g of KH:PO, per liter) and resuspended in PBS, io approx. 10°
cells/ml). GPS was used as complement source. It was stored at -70°C before
use. To inactive the complement, serum was incubated at 55°C for 30 min.

The experimentsal procedure was as follows. 10% GPS in PBS was
inoculated with approx. 500 CFU (colony forming units) of bacteria per mi and
pipetted in 0.2 ml aliquots into wells of microtiter plates. The wells already con-
tained increasing amounts of NAB7061 in 0.020 m! of 0.9% NaCl. The plate
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to be tested or a positive control. After an incubation
of 60 min at 4C, 1 ml of WO

WO HHG8f017734PCT/IF12007/050441 54 ice-coldBEREr s+

described above was added, and the mixture was
filtered through a Millipore filtey (0.45 pm; HAWP).
The filter was washed with the"buffer and the
was RGN AY TEM AR ilhereafine pevhovaiessu retbisy onto LB
PlateR NP AR Wi M e Qe 2T HEO @BDhaissgoped colo-
S SFR PEfEthined as in Nagai at at 5(2006) using the
Hill edtiadieitits are shpwe iICHBivalleNABNG fdsaligid not signifi-
caniy AR DB S th die et cthef €etftreslsniterertisence of heat-
necfuHEi NG $BY. BowauerserpMABTOBT faverdifE Bitts 2 ug/mi
was; Sefirn defrtessoerirenns bradkriwitl drreexpitaliahe presence
0% BtsrinaLOPs 898 MEHGd mpselgmyxintBavérage bacteri-
cidahpaiidernere pestiesy exgseririndnis, ssach withvéh FMBN, the agent
well sapanée "Peedbicgmenerations), and 90.2 + 9.7 for
T.abynll belled gentamycin (three parallel determinations)
chordmgly, the affinity of NAB7061 to BBM is only
oA IR Wﬁﬁ'ﬁﬂ@&%ﬂﬁ?@%éﬁﬁa‘iﬁ%ﬁ!t@a pig serum
BERM and- 13010 NEYARRIG R nity of
polymyxm B to BRME )e(%&r%'f”) (gf [fﬁmfgj {f‘P{QJ activity of
NAB7061 in experimerial E_chil peritdnitis model in
;‘ggznéﬁ%% A suspensmn of Eg7coli IH8080 (K&:018) in
m%%@»ﬁﬂ%a(%a% Hudied) W@éoprep%ggd frogdzan ovggnlght
(RQ agdr o e : ' cmrinstitut,
Copenhagen Denmark) "Al mlce (female NMR1 from
Exaigielan Scandinavia, Allerod, Denmark; weight, 25-30
RedgpedamninosiNaterh e o pes BRRAAI NIt S Al 286 of the
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albin rats by using
e SRl *@ﬁ%z h % ”’ ”q%”%w%m e
by Na%%Pgt th?zﬁ mcub |%%%M VE: e m oes (o
& P 1|PH%ME'EPE5 (pH
7.5) Mhe%tﬁ)”iro ﬁn Einle fa etﬁr #n e | Igfaeréet@ﬁgi Amer-

e anae

f;i:\éﬁef)%c'in am V%s St ?é‘?f {fra él)lf’é'We'ﬁl 594 fiferompound
FE)dﬂomen Roas gé:?ff n%%eéga BHEPL TR I Ghéied mt of
and the 30 fluid sampled. Appropriate dilutions of the
fluid were plated on blood agar plates, the plates
were incubated overnight, and the colonies were
counted. At 1 h postinfection, the CFU count
was 0.74 (+ 0.7) x 106 per ml. At 4.5 h postinfection
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56 CLAIMS 1. A polymyxin derivative of the general
formula (1), (-7)127 - arR8 (6)R6mMR9 raR5uaR10 N /

WO RRARY or" OrR2 nrR-1 R(FA) wherein R TRPN70s0441

and R3 are optional; and each represent any amino
acid residue, if present; R4 is an amino acid
residue comprising a functional side chain able to

eI SERPIRSH\ARNVE. e RIdRio B ibgIynixture was filtered
throubih &rflibBe o BHBo A NG ATl e diraes; washed with the
buffps And e, RURTHLIK  SnBERR B o ShresHiprirty using a li-
1o S PA LRt SolineaiRes, weseatRieRRnaere dtidius of il
(20087 yringiiag HiHAALPERAd residues, R10 is Leu, Thr or

any nBH-Hyel GRS BRI LG HOR vesraved slveiR (@Alihe con-
rolsi el Bp IRy S stited TuthipBEYS bladskgae esRtadndepend-
ent BYea IR SREb UG s eptiie) determingiigmeh8$Poviss for po-
e Pridy e ROMP P ABRDO! fRsptelel wAvbrwith three paratiel
delepgripalipnR) 409 S coifriuelsbiecneahiemyely fiyedr@alie! de-
termigionshafireddiaolathe mdniret M RRGIdieoREMdnoply approx-
matels &l ff i aifniaeiopoten enite AlViend dverpahatalyxine fifth of
the iy p'stelyeturie B to BEMyherein said amino acid
Exa!;%%%gs are selecttec:] so tr|1at_th(:|: tcl)_thl nutrlnbert ?\:‘v

D a siologi | is at leasttwo
mhe I SRIBEREED F BARLPne R Bol ok T oo o e

positiv& SRR FI5a RO EH PG - nselpfigh % Nach) was
Preppie RyMAT By piaht GBS Ao REERI BRI Tt isn Seiten Inst-
tut, G h deniskiol iok Feaeed8dR1mimHetien feandinavia,
Allerag AR e AR Ab Yoo Bried RdraBeTiptRally with 0.5 mi
of the, suspeasiar, eppiailiintg-96 sa s threraniniegatvel ower quad-
rant BBt tBnibdbidimPEdents! vradskrmined&otictilise mice
and Br pTaiNessaiOFLMiI AR ATaEIve) were treglod igh a subsutane-
ous KisfiRiivelc ot Alipry teratasn Piuiipreieirrizdogosibpeding to
5 mofrghiey elpbts e deR P fiowiulise hrenlipedoprsistimgiod to 5 mg/kg
bodyihsightinaUpstitenaiomysincrs SIS G d enrrsporatianic 5 ma/kg
body yyjgiph&f both drugs givee &l évivetirestrciiestlifiortoiamyup recsived
two Goh @l dtiegimnesol splinghidrémiResiRie Ol st ette cvéreamassthe-
tized tith B b PRSINERRY . SHSEGAIDENO 1) 285 injecied diraperito-
neallyrps! iy whsioineraves tintly tocaspgeshiesfclaims dbeded and the
fluid Gevesiedn AREFORYite stilebedofr G this groapietdsistitiged agar
plateg i@ AePrwarsdriviiied overnight afihhelerfivddiveere counted.

accdidiripestiafegtiondref@ibiment whs Werein 1e10° per ml. At
4.5 h postitfetiof Gaickpositivetehalgeteishiweaim&n), the CFU counts
{(per ml) were 11.1 (+ 6.2) x 10° {control group), 8.8 (+ 6.4) x 10° {erythromycin
group), 1.1 (+ 0.8) x 10® (NAR 7061 group), and 2.1 (+ 1.2) x 10° (NAB plus
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6. The derivative according to claim 5, wherein
R1-R10 is selected from the group consisting of SEQ

WO HHIKTH: 9-20. 7. The derivative accordfgtg® 75t

claim 6, selected from the group 5 consisting of
OA-SEQ ID NO. 10, DA- SEQgP NO. 10, OA-SEQ ID

E ID N 12 DA-SEQ ID NO. 13,

c;igr%r 1@ ﬁ’ ) (? ?ﬁ%oﬁ@%'ﬁ}ﬁj tE@bactersai

o ;5% 6%&?‘!&%@8&&9@@? W, g2 (ervtvo-

g ggﬁ‘%}g% ‘6738@%6* IBRES ieTorrsergttys factors
EQ ID NO. 20, and DA-SEQ ID NO. 9.

Exahiiffe £s.COMbination product comprising two or more

Té@,ﬁh@%&v&;im&gwerding to any of claims 1to 7.
9.A plk&%r aceutical co “%ig |t|on comprlsmg at least

ihe Q06 erlvda 22:%"%”%@ RS s Lilime ihegheginning of
per an z gf %gﬁ i85 Ceptdble Lafd2 monkg
C|(§)|e af yf% 63 8lrﬁ?31‘5’86'i'&':8$’ ymyxin B infraven-
ousy tw'ce |on e in 1 10 Cl%i?f?'ﬁ’ fifeRT VRt IEfRjudied for
each'd gi cigservatnonslviefﬁj Q295 Seilka i ody weight
maaélérg%r{‘gm gﬁg‘%f%mi?mmﬁ icp weekly. In the end of
e Sih: onweé 875 claim 8 in the manufacture
ol SIS R IRl e no by
N ABZE@ fiotath ?‘%\ﬁ SRrEHfoh MYSISEh s eharRasciigylawest dose of
ra R SiBBarfifisfe. Polymyfip Braesedamortality at 32
mako R P&%é‘i%"%f&‘?ﬁ‘?’i@ Wieres slsale Beriisn MABE06 remained
alive Hionghortiam Tt Jrdfinoae K6 Bty Hosehirreniitpgen (BUN)
w2s (3t R aANa SRELRTEIvERPsEsRe] Rredadenday than in the
contie!, b Iy 0% PRISHELITRYR 6h Sk RS iadli, In the group that re-
w'vﬁgwﬂgmcﬁﬁg?é‘@?ﬁ@%&@gé‘ﬁﬁjpﬂ(ﬂﬁbt%aﬁbﬁ rise was found,
and P IERRIt S NeeN AP A HeripR et S8 ffetiieer day, the
fise Wik &iint of said antibacterial agent and a derivative
accortfirttrleay ehiibersalns etlrmer for each animals and
histopaShRismY-RIGH rstierdiag Rerferuied B threhediotarmstogture receiv-
ing NE{ G0k dieaiETPsorefaindinaincGwrifirdiogativee found in the
genersh pakigloqy and hisfarstetegial age atgasaior nddicampabology of
Kidneys {35k 2tRwHAbESrecved N&RTRAl or simultaneously
with a therapeutically effective 30amount of said
anti-bacterial agent. 14. The use according to
claim 13, wherein said anti-bacterial agent is selected
from the group consisting of clarithromycin,
azithromycin, erythromycin and other macrolides,
ketolides, clindamycin and other lincosamines,
streptogramins, rifampin, rifabutin, rifalazile and other
rifamycins, fusidic acid, 35mupirocin, oxazolidinones,
vancomycin, dalbavancin, telavancin, oritavancin and
otherglycopeptideantibiotics,fluoroquinolones,bacitrac
in,tetracycline derivatives, betalactam antibiotics, no-
58 vobiocin, pleuromutilins, folate synthesis inhibitors,
deformylase inhibitors, and bacterial efflux pump

I R . R 1C ThA 11 ~~n~searddim;~Aa +A4A



20Gram-negative bacteria; or the ability to sensitize
Gram-negative bacteria to an antibiotic; and
d) selecting compounds having antibacterial activity
against Gram- negativeé bacteria, or the ability to
sensitize Gram-negative bacteria to an antibacterial
agent. 2518. A method for reducing toxicity of natural
CLAIMB0lymyxins, octapeptins and their derivatives, said
methS R LORPRSRRYANE Stlsaetera ormuladhnoviding
a natural polymyxir%g? octapepins and their derivative
thereof, having a /Eﬁ al of 4 tb stitive charges;
b) substitutinggom 1 to 4 residygsscarrying one or
more positive chaxges 30with a yesidue not having a
positive charge, apfiith a cauglént bond, thereby
generating a derivativé\@gg{,ga/polymyxin compound
having 2 or 3 positive charges; C) comparing
the compounds with na8i#al polymyxins in a toxicity
assay; and 35d) selectingi,compounds that are less

toxic than natural polyrﬁy ins. 59 19 The
method according to clgigm 18, wherein said toxicity is
nephrotoxicity. | 20. A method for

improving the pharmac&ififatic propertigs, of natural
5polymyxins, octapeptins and their derivatives, said _
; tional; and £
am‘gmf% re%;’gl%@ﬂsﬁ @ Bieprg gptiona EPProviagnt any

BOVIRIN Or octapeptin campound, or a. .
s DAL L2 DR e e
charggs;s an optionaiiyusshckitLiiaep iR Brithd acid residues;
o tégegfgr%éiwrrmm PbsHhed pydittebinarges guithresidue
nQé Vi lll% porwitha . .
covalenb lmgrlgj %%%ﬁ%@é%ﬁ%ﬁ%@%ﬁﬁ%ﬁ@iﬁg and
havin§PA)iBaposivreliesabgiisted fatty acyheriinrsadde, or a
hyYIRRBPETEl P\%&‘I‘?%icokinefi(iﬁ%o erties consist of
2B

B

not HRREHVANAR HYROIYA QRIS s e & AR PliSsitites a native po-
lympdmBtinesitisstas; compared to the starting compound.
w 21. waiawi%mgdw@lm teaiviccae Of bhiis total
] REEBYESEHAT, SRS E g coridtp e more
clinically important Eram-rregatlve BaCteria (o A NOSt
defence mechanism complement present in the
serum . 22. The use according to claim 21,
wherein said bacteria are selected from the group
consisting of: Escherichia colt, Klebsiella
pneumoniae, Klebsiella oxytoca, Enterobacter
faeces, Citrobacter freundii, Pseudomonas
aeruginosa, and 20Acinetobacter baumannii.
23. Use of a derivative according to any one of claims
1 to 7 in the manufacture of medicament for treating
infections caused by Gram-negative bacteria.
24. The use according to claim 23, wherein said

Iham~tAariea Avrm ~A~AlAactAaAA fFrama A ArAaTIrm Attt ~F



3026. The use according to claim 25, wherein said
bacteria are selected from the group consisting of:
Escherichia colt, Klebsiella pneumoniae, Klebsiella
oxytoca, Enterobacter cidacae, Citrobacter freundii,
Pseudomonas aeruginosa, and Acinetobacter
il%‘aﬁﬁéhﬁ'i Wiﬂ\l@es not exceed two, whereby said polymyxin de-
PGSO BBst Gram2Bodine bacteria,
@g@%ﬁi&? ding. 3*’ i%‘SWﬁ%?Ws’éﬁ%asﬁm@rfs|anabac
agent lsrwwe&émﬂa!ﬂﬂﬁ:@ﬁh@ecm%ﬂmm%mm
clarithrpomycigamituemys Sl rprwgaanaga% QIBEY. charges
are ALIQIIH6S, ﬁk@&?éué,e&m%m%a&ﬂ)@@ Q’ng&w d amino groups and
othdNEAKRIGHIES, streptogramins, rifampin, rnya%utln
rifalazie Anatiet famyeins. & fusidic acid,

s séﬂ&%%%ﬂh&&&%éoaggg%e ¥ a?om D dESAARERT, R0
tel evagc,JQ é)rlta?/an0|n J %h e tide

ccleBtibiotics; fioroqunoIonad ﬁrgc‘?ﬂ%% ﬁ["“‘f@frbéy‘&ﬂﬁé’“ R(FA)is
VAR %&éf&%fé{?ﬁ ‘ﬁfﬁﬁb%ﬁéﬁd HéKobiocin, pleu-

romutfing: f8?5f5t'§?/rﬁ?f8§?§9rfﬁ|B"‘be§'eoféf€lﬁﬁﬁ§lléc§eWherem the

num b A RRFCORIT hastesii i rux pump inhibitors. 1028.
The use according to claim 27, wherein said
antibacterial agent is selected from the group
consisting of: clarithrornycin, azithromycin,
erythromycin, clindamycin, the streptogramin
combination quinupristin- dalfopristin, rifampin, fusidic
acid, mupirocin, the oxazolidinone linezolid,
vancomycin, the fluoroquinolone moxifloxacin, and
the folate synthesis in- 15hibitor trimetoprirn.
29. Use of a derivative according to any one of claims
1 to 7 for the manufacture of a medicament for
sensitizing Gram-negative bacteria to a host defence
mechanism complement present in the serum.
30. The use according to claim 29, wherein said
bacteria are se- 20lacted from the group consisting
of: Escherichia coli, Klebsiella pneumo- niae,
Klebsiella oxytoca, Enterobacter cloacae, Citrobacter
freundli, Pseudomonas aeruginosa, and
Acinetobacter baumannii. 31. A process for
preparing a polymyxin derivative of formula (I) as
defined in claim 1 comprising modifying a natural or
synthetic polyrnyxin 25 or octapeptin compound or a
derivative thereof having 4 to 6 positively charged
residues by replacing 1 to 4 of said residues by
neutral residues, or by a covalent bond, or converting
1 to 4 of said residues into neutral residues in order
to obtain a polymyxin derivative of formula (1)
according to claim 1, having 2 or 3 positively charged
residues. 3032. The process according to claim 31

comprising carrying out the process as a total
vt AFIA IR A A Lo Lo Nin ml Py A~
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61 of said polymwdn compound, and recovering the

cyclic part of said compound, an@%) coupling to the

cyciic part obtained in step a) a synthetically

prepare8 sitle thedtvinaordengoobtain @ Palemyxim10 is selected
frefetiveativerobferinuke $Hcbaodoreing to claim 1.

35. The provessasverdig-i0clainidd eORUNIEINGom the group
coRIYHNGONA-trR clervage irsfep &) eoNekiealy o no. 11, oA
s86.i7 he progessaceording:te£laim BACOMPRRING=q b No. 13
MERIBANgIONDING, ee@rage Iiosted 32-6Bem G183 %Eq 1o no.
171 R BERERSRACEOFARGAGFIRM SHRITPIIY 20 and DA-3EQ I
~8agrying out the cleavage in step a) using a

combinati chemical and enzymatic
aéggsay%%ggnﬁfig T e oo

re ates ?/ xm derivative wherein Ri, R2 and

_R3are op o t|on T REPRYCRETRE ARG RS derivative

cationic of r?’eu'f'raloar%lﬁ?)5 acilf resiled degicren gpprmaceutioall
“THRPH T8 HUsEF ¥ hositive charges at

physiold§icHIp I T&arteket fRMSEoaTeI@ thign claim 9, further
COfRPER SR REPACtsg R BARELion product comprising at

least twb sHeh dérrpativie. aFereciny éntionchsrtiieraims 1 to 7 or a
coreliafrsnececrietioeforttietht ngalieviating oedicament for treating,
alarsétioratinglarrtindectiofdiva isubjetkccaused ty=acram-negative
ba@eaym-negative bacterium by administering a

therapeuticadlyseftectiviegasnount: af wheleri vaiVRcterium s selectad
freaceerding iathainresentABveRtion, RSt SHRIBRINIR Kebsicla
oxganetbed tpssensitizing daam-negalive acteria 1o Aer iginosa
anantbhacieral agenrhby administering, S|multaneously

or Sequﬁnﬁ%HYdﬁaaWrQJQﬁEaWQ%@R’%uélﬁcﬂW gﬁ gr:?l: Vaeritlbacterial
agamg%ns qgﬁ% Q@Q&Q@%@f&% C axa d‘?”V§U combination
woB6601INGR meeﬁq%nﬁf%{ﬂ s s
neggﬁwqga%‘fe?r %V plntgbnqgr?a aQ%FIﬁ?\IOtIC?d OI’ rgjgm%rﬁ is o be

admmsp I‘O'[OXI ¥ for wm&rtovm ATMAC
s o el po AT St erpiptineicat orecse
or SenSI Zln C InlCa portant bacteria to a host

defence me%H%?w%Fﬁf%?ﬁ?)Féﬁ’ﬁb?ﬁ WREEENTAR Ydrbasteral agentis
S BRI P RS KRR (FORE TS 85 A8 & B Rc s @ZfBromyein, erythromycin
a%ré)ﬁﬁﬁn&%%@ﬂeﬁolyhﬁﬁ/ﬁﬁﬁdeﬁv%w RPET Riep0OTosamines,
5”79(?)?’@”@1@34 fftaqpity cifpptip 7rifalaziie and other rifamycins, fusidic acid,
MURBERY FIAZPIAPI4% 2490 tsie SEGHHENC EdSTiiNGtavancin and
other] 1 g-prepternaaiittisticsiddddviasivasdV astitiMarra, etracycline
derPigves<d2@ecpolymiyxins derivatives and uses thereof

<130> 2070627PC / NAB-1 <150> US 60/837,426

<151> 2006-08-11 <150> DK 200601055 <151>

2006-08-11 <160> 34 <170> PatentIn version 3.3

<210> 1 <211> 10 <212> PRT <213> bacterial

<220>
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<221> MOD_RES <222> (1)..(1) <223> Dab <220>

<221> MOD_RES <222> (3)..(5)38223> Dab <220>

<221> misC_FEATURE <222> (4)..(10) <223>
ERNareyondig isten YBheRE Se222> (8)rofBdse inhibitors. and
badrsslefpHERdBiRs<221> MOD_RES <222> (8)..(9)

<223> dngQﬁG%aicm %9%34)(\&&%9_3_@43_@@@@&@ agent.is
SR 5t ot ians svppepan e
aéﬁi@; rlbcsa (rﬁerth’;ﬂ gg?%i% M%ﬁfmwﬂgtéu |@or§qllinolene
e b

91) P%TTEEI § coordin t% (Zia?b 3, wherein said bacterium is selected
frﬁ%OQZ Jg%zlég&sﬁﬁgétg ]Eéépgi‘ficﬁua co>!i, Klebsieila pneumoniae, Kiebsielia
oxyloca, Enierobacter cloacae, Citrobacier freundi, Pseudomonas aeruginosa, and
Acinetfobacter baumanni.

17. A method for developing novel antibictics comprising the steps of

a) providing & natural polymyxin or octapeptin compound, or a derivative
thereof, having & total of 4 10 6 positive charges;

b) substituting from 1 1o 4 residues carrying ong or more positive charges
with a residue not having a positive charge, or with a covalent bond, thereby
generating a derivative of a polymyxin compound having 2 or 3 positive charges:

€) assaying said derivative compound for antibacterial activity against
Gram-negative bacteria; or the ability to sensitize Gram-negative bacteria o an
antibiotic; and

d) selecting compounds having antibacterial activity against Gram-
negative bacterta, or the abifity t¢ sensitize Gram-negative bacteria to an antibacterial
agent.

18. A method for reducing toxicity of natural polymyxins, octapepting and
their derivatives, said method comprising the steps of

a) providing a natural polymyxins, octapepting and their derivative thereof,
having a total of 4 io 6 positive charges:

b) subsfituting from 1 to 4 residues carrying one or more positive charges
with a residus not having a positive charge, or with 2 covalent bond, thereby
generating a derivative of a poiymyxin compeund having 2 or 3 positive charges:

¢} comparing the compounds with natural polymyxins in a toxicity assay:
and

d) selecting compounds that ars less foxic than natural polymyxins.
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<221> MOD_RES <222> (3)..(5)<223> Dab <220>

<221> miSC_PEATORE <222> (4)..(10) <223>

circular <220> <221> MOD_RES <222> (6)..

<223> E)qteTlT% od<2ﬁ§lni\9ldcb cﬁ@s‘igzéf re(g)sa@) toxicity is
nepFISLIah <400> 2 Xaa Thr Xaa xaa Xaa Xaa Leu

Xaa Xa& TinTaBr0/e 1esyig0he pharygeeldeps qureriies, of natural
PO PTEs. Bgieretial ¥XP2GS P ZEMODNRESFPSng the steps of:

(1)..(1) %2285 D abra20siwp2] > MOBPREBRBRR 5 derivative
(@YY, (B)ixR2B=! Dal €2@re<@2de»; MISC_FEATURE

<222> (Aaufd0)im2R B> aire tadus220%ng 2284 ar more positive charges
witVl @ [2:sRR Sist 222%; (8) pdE)ve 2835 DoPhidh <2 20aer 2B, thereby
geM@I RS ai22arS) of Qpssdizssndab <400> 3 Xaa

Thr xaa.Xaaaa #aRcldbh¥aacsaaihibodl calePsfproionged
serum half life; or lower susceptibility to the inactivation by pelyanicnic tissue and pus
constituents, as compared to the starting compound.

21. Use of a derivative according to any one of claims 1 to 7ior preparing
a medicament for sensitizing clinically important Gram-negative bacteria to a hest
defence mechanism complement present in the serum .

22. The use according to claim 21, wherein said bacteria are selected
from the group consisting of: Escherichia coli, Klebsiella pneumoniae, Kiebsiella
oxytoca, Enterobacter cloacae, Citrobacter freundil, Pseudomonas aeruginosa, and
Acinetobacter baumannii.

23. Usa of a derivative according to any one of claims 1 to 7 in the
manufacture of medicament for treating infections caused by Gram-negative bacteria.

24. The use according to claim 23, wherein said bacteria are selected
from the group consisting of! Escherichia coli, Kisbsiella pneumoniae, Klebsielia
oxytoca, Enferobacfer cloacae, Cilrobacter freundli, Pseudomonas aeruginosa, and
Acinetobacter baumannii.

25. Use of a derivative according to any oneg of claims 1 to 7 for the
manufacture of a medicament for sensitizing Gram-negative bacleria against
antibacterial agents.

26. The use according to claim 25, wherein said bacteria are selected
from the group consisting of. Escherichia coli, Klebsiella pneumoniae, Kiebsiella
oxytoca, Enterobacter cloacae, Citrobacter freundli, Pseudomonas aeruginosa, and

Acinefobacter baumannif.
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<211> 10 <111> PRT <213> bacterial Page 2

wo 08RG HIFIED SHEET (Rule Si) PCT/Fi 2007/05})%4/17

12007/050441
OCT 2007 -2007101711214524919.txt <220> <2215 **
MOD_RES <222> (1)..(1) <223> Dab <220> <221>
MOD_RES <222> (3)..(5) <223> Dab <220> <221>

TURE <222> (4)..(10) <223> circular .
. '55;— s ijg&% ?ﬁ@éb&g‘%@ o5 i ayflactera
$2202 331 VOB TRELR 5356 1) o{ epitysauvapithromycin,
AR RS R alad S Ee s aarsasia e other inco-
:f%. 0727105 BB GRS S35, Tiofasdanatattar rfamycing,
<3002 TERIGE: RESISS9955( pprepruping satbakencin, tela-

Eaﬂﬁﬁ>o@§ﬁ§i%w@égwﬁide antibiotics, flucroguinclones, ba-

citracin, tefracycline derivatives, betalaciam antibiotics, novobiogin, pleu-
romutiling, folate synthesis inhibitors, deformylase inhibitors, and bacterial
gfflux pump inhibiiors,

28. The use according to claim 27, wherein sald antibacterial
agent is selected from the group consisting of: clarithromycin, azithromycin,
erythromycin, clindamycin, the streptogramin  combination quinupristin-
dalfopristin, rifampin, fusidic acid, mupirocin, the oxazolidinons inezolid,
vancomycir, the fluorcquinolone moxifloxacin, and the folate synthesis in-
hibitor frimetoprim.

29. Use of 2 derivative according to any one of claims 1 to 7 for
the manufacture of a medicament for sensitizing Gram-negative bacteria to
a host defence mechanism complement present in the serum.

30. The use according fo claim 29, wherein said bacteria are se-
lected from the group consisting of: Escherichia cofi, Klebsislla pnsumo-
niae, Kiebsiella oxytoca, Enferobacter cloacas, Clrobacter freundli, Pseu-
domonas asruginosa, and Acinefobactor baurnannii,

31. A process for preparing a polymyxin derivative of formula (N
as defined in claim 1 comprising modifying a natural or synthatic polymyxin
ar octapeptin compound or & derivative thereof having 4 to 8 positively
charged residues by replacing 1 to 4 of said residues by neutral residues,
or by a covalent bond, or converting 1 fo 4 of said residues inio neutral
resitdues in order to obtain a polymyxin derivative of formula (1} according to
claim 1, having 2 or 3 positively charged residues,

32. The process according o claim 31 comprising carrying out
the process as a total synthetic process.

33. The process according to claim 31 comprising carrying out
the process as a semisynthetic srocess,

34. The process according to ciaim 33 comprising the steps of:

a) subjecting a natural or synthetic polymyxin or octapeptin com-
pound or a derivative thereof io cleavage in order to remove the side chain



10

<222> (3)..(9) <223> circular <220> <221>

wo 200MOB: RES <2225 (5)..(5) <223> D-Phe <22035221% suse1

MOD_RES <222> (7)..(8) <223> Dab <400> 5 Thr
Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr 15 <210> 6
<211> 7 <212> PRT <213> bgcterial Page 3 t; -
44
&%&F %gf-?l; Ht!@g‘&k)f‘g&ll %007/ 50 T said -
ateny 5%71%“0071%@1?71121452491 Gt <3508 BB sseid com
>
0D HES SN ) szigg R B e = srneicay
% (‘? e

]
pM;!)%s@d_E tgg&g;}ﬁ{o Br%% S I é%‘ﬁ%%“‘ﬁ ﬁ‘ﬁg&*mula h

g Dab
220> 58242 MOD_RES <222 (6 <22§> D2 o
mgz}:%g %;ggat aﬁ Xa?mg Cagga xgé% it $yeoYine

1>
<21 ] proc:ess according fo claim 34 comprising carrying out

the cleavage in step a} chemically.

37. The process according to claim 34 comprising carrying out
the deavage in step a) using a comibination of both chemical and snzy-
matic treatments,



<213> bacterial <220> <221> mOD_RES <222>

(2)..(2) <223> Abu <220> <221> MOD_RES5 <222>

(3)..(4) <223> Dab <220> <221> MISC_FEATURE

<222> (3)..(9) <223> circular <220> <221>

MOD_RES <222> (5).,(5) <2¢8> D-ehe <220> <221>

MOD_RES <222> (7)..(8) <223> Dab <400> 7 Thr
ABSTRA& Xaa Xaa Xaa Leu Xaa Xaa Thr 15 <210> 8
The prbdbinilOni2] RmitliPageyvihRbGdikdihb BHERTR1, R2 and R3
are optidlaahy RCRIFR2 RO 7HH:0d0RG 4rd £ooil @0R4tral amino acid
resid @D dol B3 AH3ALPh st b3 h@ctesialsed 2R hysiological
pH is 22”3 MOR: RERcL 47 (bel hd 2232 MUihsRAFoduct com-
prisin§%@%§s%%rﬁ%§\%§. (‘%)e (meﬁ%rﬁgp rélg%Q?o a.method
for tre%%gg},>aM\%@ﬁﬁ%ﬂ?&%@ﬁir(é)é@)\fégt%%ﬁn[)éagubjeot, caused hy a

Gram-negative bacterium by administering a therapeutically effective amount
of & derivative according to the present invention to said subject; o a method
for sensitizing Gram-negative bacteria to an antibacterial agent by adminisier-
ing, simultaneously or sequentially in any order a therapeuticaily effective
amount of said antibacterial agent and a derivative according fo the present
invention to said subject; to methods for developing novel antibiotics; for reduc-
ing the nephrotoxicity, for improving the pharmacokinetic properties of natural
polymyxins and octapeptins; and for sensitizing clinicalty important bacteria to
a host defence mechanism complement present in serum. Finally, the inven-
tion relates to a process for preparing such polymyxin derivatives.



<110

<120>
<130>

<150=
<151>

<150>
<151»

<160>
<170>

<210
<211>
<21d>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<220
<221
<222>
<223>

<220>
<221
<222>
<223>

<400>

<220> <221> MISC_FEATURE <222> (4)..(10)
<223> circular <220> <221> MOD HES &9H807 /058 4 4.
(6)..(6) <223> D-Phe <220> <221> MOD_RES &863-2007
(8)..(9) <2235> Qg@ﬂﬁlﬂgﬁgﬂ@aﬂ e Xaa xaa Xaa
Xaa Leu Xaa &4 Thr 1810 <210> 9 <211> 7 <212>
Vo SR TS B8t ral <220> <221> MOD_RES <222>
Vaarg ' i{®) <223> Dab <220> <221> MISC_FEATURE
rolyrg@ DD se( 1y Pee 208 ¥ seiy chikaref220> <221>
20700BD/ REES. <222> (3)..(3) <223> D-Phe <220> <221>
us sMB@D4RES <222> (5)-(6) <223> Dab <400> 9 Xaa
20065925 Xaa Leu Xaa xaa Thr Page 5 RECTIFIED
oK 2SSRIEET (RuBe 91) PCT/F 120071050441

34
PatentIn version 3.3

i

i0

PRT
bacterial

MOD_RES
.. (L
Dab

MOD_RES
(3>..(5)
Dah

MISC..FEATURE
(4)..€10)

circular

MOD_RES
(6)..(6)
B-Phe

MOD_RES
(8)..(9
bab

1

iaa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
3 10

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

2

2

10

PRT
bacterial

MOD_RES

(..
bab

Page 1
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17 OCT 2007 20071017112145249&@ fxt 5 <210>
|

10 <211> 9 <212> PRT <213> bacteli <fzb 0 0%& S ¢ 47

<221> MOD_RE5 <222> (2)..(2) <223> D-Ser <22
<221> MOD_RES0x22212@)2{d)o<223> Dab <220>
% woo_s221> MISC_FEATURE <222> (3)..(9) <223>
222 ) cffdular <220> <221> MOD_RES <222> (5)..(5)
os0s  <223> D-Phe <220> <221> MOD_RES <222> (7)-(8)

:%%%; %\ggc { eEDab <400> 10 Thr xaa Xaa Xaa xaa Leg Xaa
<223> circXad Thr 15 <210> 11 <211> 9 <212> PAT <213>

<220- _ bacterial <220> <221> MOD_RES <222> (2)..(2)
225 M-88903> D-Thr <220> <221> MOD_RES <222> (3)..(4)
<223> D-Lew223> Dab <220>

<220>

<221> MOBR_RES
<222> (8)..()
<223> Dab

<400> 2

Xaa Thr Xaa Xaa éaa Xaa Leu Xaa Xaa Thr
1 10

<210> 3

<211> 1D

<212> BRYT
<213> bacterial

<220>

<221> MWOD_RES
<222> (1..(1L)
<223> pab

<220>

<221> MOD_RES
<222> (3)..(5)
<223> Dpab

<220>

<223i> MISC_FEATURE
«222>  {4)..(10)
<223> c¢ircular

<220>

<221> MOB_RES
<222> (6)..(6)
<223»> D-phe

<2 20>

<221> MOD_RES
<222> (8)..(9)
<223> Dab
<400> 3

Xaa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
1 5

<210> 4

<211> 19

«212> PRT
<213> bhacterial
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<221> MISC_FEATURE <222> (3) é §> Gircy
<220> <221> MOD_RES <222> (5). % )iﬁ % % 55 0441

<220> <221> MOD_RES Page 6 PCT/F1
2007/05044i 1 #0EPR200T4524918. txt

220-  -2007101711214524919.txt <222> (7)-(9) <223> Dab
3532 W-300> 11 Thr Xaa Xaa Xaa Xaa Thr Xaa Xaa Thr 15

<223> bab <210> 12 <211> 9 <212> PRT <213> bacterial
<220> $220> <221> mOD_RES5 <222> (2)..(2) <223> D-5er

<221>  MOD_

<222~ ()7<EL0> <221> mOD_RES5 <222> (3)..(4) <223> Dab

<220> <221> MISC_FEATURE <222> (3)-(9) <223>
55 rsc GHEGHlgr <220> <221> mOD_RES <222> (5)..(5)
giz> (- <3P3> D-Phe <220>

<223> circu

<220>

<221> MOD_RES
<222 (6)..(6)
<223> D-Ley

<220>

<221> MOD, RES
<222> (B)..(%)
<223> Dab

<400> 4

Xaa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
i 5 ' 10

<210> 5§

<21I> 9

<212> PRT
<213> bacterial

<220>

<221> WMOD_RES
<222 (@)..#"1)
<2Z23> Dab

<220

<221> MISC_FEATURE
<222» (3)..(D
<223> circular

<220>

<221> MOP_RES
<222> (5)..(5)
<223> D-Phe

<220

<221> MOD_RES
<222> (7)..(8)
<223> Dab

<400> 5

Thr Xaa Xaa Xaa Xaa iLeu Xaa Xaa Thr
1 3

<210> 6

<211> 7

<212»> PRT
<213> bacterial
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<2205
<221
<228>
<223>

<220
<221>
<22d>
<223>

<220
<221>
<2 22>
<223>

<220>
<221>
<222
<223>

<400>

<221> MOD_RES5 <222> (7)-(9) <22§> 4 |
12 Thr Xaa Xaa Xaa Xaa Thr Xaa Xaa TAr 1'55%%%?2%5 0441
13 <211> 9 <212> PRT <213> bacterial <220> 7
<221> MOD_RESZR2213(2)242)9<823> Abu <220>
<221> mOD_RES5 <222> (3)..(4) <223> Dab <220>

wop_g221> MISC_FEATURE <222> (3)..(9) <223>

(L) difeular <220> Page 7 RECTik"9ED SHEETIR Syq
PCT/F12007/0504 4i17 OCT 2007

vrsc-PAOREO01711214524919.txt <221> MOD_RES <222>

B (5) <223> D-Phe <220> <221> MOD_RES <222>
(7)..(8) <223> Dab <400> 13 Thr xaa Xaa xaa xaa

(35- 6y Xaa xaa Thr 15 <210> 14 <211> 10 <212> PRT

(3). ¢
p-Phec21 3> bacterial

MOD_RES
(5)..(8)
Dab

6

iaa Xaa Xaa Leu Xaa Xaa Thr
5

<210>
<211>
<212>
<213>

<2 20>
<221>
<222»>
<223>

<220
<221>
L 222>
<223>

<220>
<221»
<222>
<223>

<220
<221
<222%
<223>

<220
<221>
<222>
<223>

<400

7

9

PRT
bacterial

MODL RES
2).. (3
Abu

MOD_RES
(3)..(4>
pab

MISC_FEATURE
(3)..(9
circular

MOD_RES
(5)..(5)
D-pPhe

MOD_RES
(7)..(8)
Bab

'7

Ihr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
5

<210>
<211>
<212>

8
10
PRT
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<213>

<220
<221>
<222>
<223>

<220
<221
<222
<223

<220>
<221>
<222>
<223>

<220
<221>
<222>
<223

<220>
<221>
<222>
<223>

<220>
<221>
<222
<223>

<4G0>

<220> <221> MOD_RES <222> (1)..(d} §;§§>ﬁb€y7 /050441
<220> <221> MOD_RES <222> (3)..(3) <223> Abw:cT 2007

<220> <221> MOD_RES <222> (4)..(5) <223> Dab
pact 220> <221> MISCLEEATUREIC220> (4)-(10) <220>
291> MISC_FEATURE <222> (4)..(10) <223>

circular <220> <221> MOD_RES <222> (6)..(6)
15-%223> D-Phe <220> <221> MOD_RES <222> (8)..(9)
Abu <223> Dab <400> 14 Xaa Thr Xaa Xaa Xaa Xaa Leu
oo g(aa Xaa Thr 1510 <210> 15 <211> 9 <212> PRT
(35-%23> bacteria <220> Page 8 Fel/F12007 /050441
ABU 17 OCT 2007 -2007101711214524919.txt <221>

MOD_J&!@ D—R ES

(4)..(5)
Dah

MISC_FEATURE
.. (10)

circular

MOD_RES
{6)..(6)
D-Phe

MOD_RES
(8)..(®)
Dab

8

iaa Thr Xaa Xaa Xza Xaa Leu Xaa Xaa Thr
5

<210>
<2l
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221
<222>
<223

<220>
<221
<Z222>
<223>

<400

9

7

PRT
bacterial

MOD_RES
L. .2
Dab

MISC_FEATURE
(.. 7

circuiar

MOD_RES
{3)..(3
D-Phe

MOD_RES
{5)..(6)
Dab

9

Xaa Xaa Xaa Leu Xaa Xaa Thr
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<222> (2)..(4) <223> Dab <220> <22BX T {51 2007 /050 4 4 1
mISC_FEATURE <222> (3)..(9) <223> circular 17 QCT 2007
<220> <221> MOD_RES <222> (5)..(5) <223> D-Phe
<22Q> <221> MO IRES2&D2239(Fxi.(7) <223> Abu
<220> <221> MOD_RES <222> (8)..(8) <223> Dab
210> 10 <400> 15 Thr Xaa Xaa Xaa Xaa LeU Xaa Xaa Thr 15
@i> 9 . <210> 16 <211> 9 <212> PRT <213> bacterial
<213> bacte2g0> <221> MOD_RES <222> (2)-(2) <223> Abu
<220> <221> mOD_RES <222> (3)..(4) <223> Dab
352 woo_g220> <221> MISC_FEATURE <222> (3)..(9) <223>
222 - fiféular <220> <221> MOD_RES <222> (5)..(5)
<2200 <223> D-Phe <220> <221> MOD_RES5 <222> (7)..(8)
221> wop_Re223> Dab <400> 16

<222>
<223> Dbab

<220>

<221> MISC_FEATURE
<222>  (3)..(®D
«223> circultar

<220>

<Z22%3s  MOD_RES
<222» (8)..(5)
<223> D-Phe

<220

<221> MOD_RES
<222 (7)..(8)
«<223> pab

<400> 10

1

Ihr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
5

<210> 11

<211= 9

<212> PRT
<213> bacterial

<220

<221> MOD_RES
<222> (2)..(2)
<223> D-Thr

<220>

<221> MOD_RES
<222>  (3)..(4)
<223> Dab

<220>

<221> MISC_EEATURE
<222>  (3}..(9)
<223> cirecular

<220

<221> WOD_RES
<222> (5)..(3)
<223> D-Phe

<220>.
«221> MOD_RES
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Thr Xaa Xaa Xaa Xaa Lep Xaa Xaa bgy),15,<210> A 504 44
Page 9 RECTOED 1/41E.ET (We S1) <2115 97 get op
<212> PRT <213> bacterial <220> <221> MOD_RES
<222> (2)..(2) <2@3xDiMas220>x221> MOD_RES

222 (- SBhos (3)..(4) <223> Dab <220> <221>

400 11 MISC_FEATURE <222> (3)-(9) <223> circular <220>

Thr Xaa Xaa%g;gaMkQQ&aR)g§ “ﬁl;22> (5)(5) <223> D-Phe <220>
1 <22%> MOD_RES <222> (7)..(8) <223> Dab

-2007101711214524919.txt <400> 17 Thr xaa Xaa
212 §° Xaaxaa Thr Xaa Xaa Thr 15 <210> 18 <211> 9
235 IRl 212> PRT <213> bacterial <220> <221> MOD_RES

hact
<222> (2)..(4) <223> Dab

<220

<221> MOD_RES
<222 (2)..(D
<223» D-Ser

<220

<221> MOD_RES
222> (3)..(4)
<223> Dab

<220

<221> MISC_FEATURE
<222 (3)..(9
<223> circular

<220>

<221> MOD_RES
<222 (5)..(5)
<223> p-pPhe

<220>

<221> MOD_RES
<222> (7)..(8)
<223> Dab

<400> 12

}hr Xaa Xaa Xaa Xaa Thr Xaa Xaa Thr
5 5

<210> 13

<234 9

<212 PRT
<213> bacterial

<220

<221> MOD_RES
<227 (2)..(D)
<223> Abu

<220

<221> MOD_RES
<222 (3)..(4d)
«<223> Dpab

<220>
<221> MISC_FEATURE
<222> (3)..(D
<223> circular
<220>
Page 7
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<220> <221> MISC_FEATURE <2223 ﬁ),-;,—_((?)f@&% 050441

circular <220> <221> MOD_RES <222> (5)-(5) 7 OCT 2007
<223> D-Phe <220> <221> MOD_RES <222> (7)..?'}‘)
<223> Dab <220802221:2MOB1IRES <222> (8)..(8)

<221> MOD_RE

32920 (9)-<323> Abu <400> 18 Page 10 ?CHF 1 2007 /050 4

<223 P-Phg1 17 OCT 2007 -2007101711214524919.txt Thr Xaa

239 son_aa Xaa Xaa Leu Xaa Xaa Thr 15 <210> 19 <211> 9

222> (71).<#12> PRT <213> bacterial <220> <221> MOD_RES
<2225 (2)..(2) <223> Abu <220> <221> MOD_RES

400> 1 9995 (3)..(4) <223> Dab <220> <221>

1 Xaa XaaygE aatiEn IRE 25225 (3)..(9) <223> circular

<220> <221> MOD_RES 4222> (5)..(5) <223> D-Leu

<210> 14

<211l> 10

<212» PRT
<213> bacterial

<220

<221> MOD.RES
<222> (1D..{L)
<223> Abu

<220>

<221> MOD.RES
<222>  (3)..(3)
<223> Abu

<220

<221> MOD, RES
«222= (4)..(5)
<223> Dbab

<220>
<221> MISC_FEATURE
<222> (4)..(10)

<220

<22]> MISC_FEATURE
<222=  (4)..010
<223> circular

<2 20>

<221> MOD_RES
<222 {(6)..(8)
<223> D-phe

<220>

<221> MOD, RES
<222> {8)..(%)
<223> Dab

<40Q0> 14

Xaa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
1 g 10

<210> 15
<21i> 8

<212> PRT
<213> bacterial

<220>
Page &
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<220> <221> MOD_RES <222> (7)(8) <223>0Bab; 05 ¢ 4 4 4
<400> 19 Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa THr s 2607
<210> 20 <211> 9 <212> PRT <213> bacterial

e wop, R 5220> <221> MODIRES 320398t (2) <223> 0-Ala

222> (). 0> <221> MOD_RES <222> (3)..(4) <223> Dab
<220> <221> MISC_FEATURE <222> (3)..(9) <223>

S5 wrsc GigMiar <220> <221> MOD_RES <222> (5)..(5)

<222> (33-<§g)23> D-Phe Page 11 RECTIFIED St-IET (Rule Si)

<223> circy

g PCT/F 1 2007 / 050441 1 7 OCT 2007
210 w0 r2007101711214524919.txt <220> <221> MOD_RES
352 80 E5995 (7)-(8) <223> Dab <400> 20 Xaa Xaa Xaa

<220 Xaa Xaa Leu Xaa Xaa Thr 15

<221> MOD_RES
<222> (73..(7)
<223> Abu

<220~

<221> MOD_RES
<222> (8)..(8)
<223> Dab

<4Q0> 18

Ihr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
5

<210> 16

<211> 9

<212> PRT
<213> bacterial

<220>

<221> MOD_RES
<222 (2)..(2)
<223> Abu

<220

<221> MOD_RES
<222>  (3)..(4)
<223> bab

<220>

<221> MISC_FEATURE
<222> (3)..0(9)
«<223> circular

<220>

<221> MOD_RES
<222> (5)..(5)
<223» D-Phe

<220>

<221> MOD_RES
<222> (7)..(8)
<223> Dab
<400> 18

Ehr Xaa Xaa Xaa Xaa Leul Xaa Xaa Leu
5

<210> 17
Page 9
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<210> 21 <211> 8 <212> PRT <213>hacter 7 /05
<220> <221> MOD_RES <222> (1)..(1) <223> A%ZJ OCT 7 g 7
<220> <221> MOD_RES <222> (2)..(3) <223> Dab
<220> <221> MISCFEATIIR222> (2)..(8) <223>
3132 mer circular <220> <221> MOD_RES <2225 (4)..(4)
213> bactgnishs D-Phe <220> <221> MOD_RES <222> (6)..(7)
<270 <223> Dab <400> 21 Xaa Xaa Xaa Xaa Leu Xaa Xaa

22T woo My 15 <210> 22 <211> 9 <212> PRT <213>
325% Saibacterial <220> <221> MOD_RES <2225 (2)..(3)

<2»  <223>Dab <220> <221> MISC_FEATURE <222>
595 1-185,.(9) <223> circular <220> <221> MOD_RES
<223> pab <222> (4)..(4) <223> Abu

<220>

<221> MISC_FEATURE
<222> (3)..(9)
<223> circular

<220>

<221> MOD_RES
<222> {5)..(5)
<223> D-Phe

<220

<221> MOD_RES
<222 (7)..(&)
<223> pab

<400> 17

Thr Xaa Xaa Xaa Xaa Thr Xaa Xaa Thr
1 5

<210> 18

<211> &

<212> PRT
<213> bacterial

<220>

221> MOD_RES
222> (2)..(4)
<223> Dab

<220

<221> MISC_FEATURE
222> {3)..(N
<223> c¢ircular

<220

<221> MOD_RES
222> (5)..(5}
<223> D-Phe

<220>

<221> MOD_RES
<222> (7)..(N
<223> Dpab

<220>
<22i> MOD_RES
<222> (8)..(8)
<223> Abhu
<400> 18
rage 10
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Page 12 RECT1FED SHEET (ELS9, T/EI
2007105044i 7 OCT 2007 gand Paue7 /050441

7
-2007101711214524919.txt <220> <221> MOE) QE% oy

<222> (5)..(5) <%§§1>01|; f% 31%0> <221> MOD_RES
<222> (6)..(7) <223> Da <400> 22 Thr Xaa Xaa Xaa

Thr Xaa Xaa %&iaehekéaa%ﬁ%ﬁfﬁr 15 <210> 23 <211> 10 <212>

<210
<211
<212>
<213>

«220>
<221>
<222>

<223> Abu

<220>
<221
<222
<223

<220>
<221
<222>
<223>

<220
<221>
<222>
<£23>

<220
<221>
<222
<223

<400>

PRT <213> bacterial <220> <221> MOD_RES <222>
2 (1)..(1) <223> Dab <220> <221> mOD_RES <222>
prr  (3)..(5) <223> Dab <220> <221> MISC_FEATURE
bacteEPI2> (4)..(10) <223> circular <220> <221>

MOD_RES <222> (6)..(6) <223> D-Phe <220> <221>
“gg‘gz D_RES <222> (8)..(9) <223> Abu <400> 23 Xaa

hr Xaa Xaa Xaa Xaa Lau Xaa Xaa Thr 1510 <210>

24 <211> 9 <212> PRT

MOBD_RES
3)..{48)
Dab

MISC_FEATURE
(3).(9)
circuiar

MOD_RES

(53..05)
p-Ley

MOD_RES
(7)..(8)
Dab

19

thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
i 5

<210>
<Z211>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

220>
<221
<222
«223>

<220>
<221
<222>
223>

20

9

PRT
hacterial

MOD_RES
(..
D-Ada

MOB_RES
(3)..(4)
Dab

MISC_FEATURE
(3)..(90

circular

MOD_RES
(5). . (52
D-Phe
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<220
<221>
<222>
<223

<400

<213> bacterial <220> <221> mOD R%

<222> -
g -

(2)..(2) <223> Abu <220> <221> MOB

(3)..(3) Page 13 RECTIFVED SHEET Pula 91)

Per/F1 2007/05Q4dHol 7 0GT: 200 Fxt
voo_s2P07101711214524919.txt <223> Dab

<220> <221>

{9 -MISC_FEATURE <222> (3)..(9) <223> circular

<220> <221> MOD_RES <222> (5)..(5)
<220> <221> MOD_RES <222> (7)..(8)

<223> D-Phe
<223> Dab

Xaa Xaa Xaz e A THIRER Xha Lys Xaa Leu Xaa Xaa Thr 15
<210> 25 <211> 9 <212> PRT <213> bacterial

<210>
«213>
<217>
<213>

<2 20>
<221>
<222
<223>

<220>
<221>
<222
<223>

<2 20>
<221
<222>
«223>

<220>
<221
<222>
<223>

<220>
<221>
<222
<2d3>

<400>

21 <220> <221> MOD_RES <222> (2)..(2)
pRT <220> <221> MOD_RES <222> (3)..(3)
bacter;

£330>

MOD_RES
..
Abu

MOD_RES
(2)..(3
Dab

MISC_FEATURE
.. (8)
circular

MOD_RES
(4).. (4
D-Phe

MOD, RES
(6)..(7)
Dab

2L

Xaa Xaa Xza Xaa Leu Xaa Xaa Thr
1 5

<210
<211>
<212
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

220>
<221
<222>
<223

22

9

PRT
bacterial

MOD__RES
23..03
pab

MISC_FEATURE
(3)..09)

circular

MOD_RES
4)..(4
Abu

Page 12
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<223> Abu
<223> Dab

A



<221> MISC FEATURE <222> (3)--(59235 f? 007 /0504
_ ‘ 50449
circular <220> <221> MOD_RES <227> { ).-‘(5)? gCT 2007 b

<223> Abu <220> <221> MOD_RES <222> (5)..(5)
<223> D-Phe <220::0222104@B. (RES <222> (7)-(8)
T <220 <223> Dab <400> 25 Thr Xaa Xaa Xaa Xaa Leu Xaa
353 190-%8a Thr 15 <210> 26 <211> 9 <212> PRT Page 14
<223> p-Phg HEET(Rub 91) PCTIF | 2007 / 050441 7 OCT 2007
<220> -2007101711214524919.txt <213> bacterial <220>

<221> MO _R

2575 (&)-<221> MOD_RES <222> (2)..(2) <223> Abu <220>
223> Dab 991> MOD_RES <2225 (3)..(4) <223> Dab <220>
<400> 22 <221> MISC_FEATURE <222> (3)-(9) <223> circular
Thr Xaa xaa @9 (sa<2P BRM@®DRES <222> (5)..(5) <223> D-Phe

<210> 23

<211> 10

<212> PRT
<213> bacterial

<220>

<221> MOD_RES
<222» (..
<223> pab

<220>

<221> MOD_RES
<222> (3)..(5)
<223> pab

<220>

<221> MISC_FEATURE
<222> (4)..010)
<223> eircular

<220>

<Z2Z21> MOD.RES
<222> (6)..(6)
<223> b-Phe

<220

<221> MOD_RES
<222> (8)..{%
<223> Abu

<400> 23

Xaa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
1 5 10

<210> 24

<211> 9

<212> PRT
<213> bacterial

<220>

<Z221> MOD_RES
222> {23..(2)
<223> Abu

<220
<221> MOD_RES
<222> (3)..(3

Page 13
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<223>

<220
<221
<222
<223>

<220>
<221

. <222>

<223

<2 20>
<221
<222
<223>

<400

TI0504 49

<220> <221> MOD_RES5 <222> (8)- gf Hi7

<400> 26 Thr xaa xaa Xaa Xaa Leu xaa Xaa
<210> 27 <211>280zx212»PRFx2.18> bacterial
® 220> <221> MOD_RE5 <222> (2)..(2) <223> Abu
wrsc<A2Ame<221> MOD_RES <222> (3)..(4) <223> Dab
(3)-<890> <221> MISC_FEATURE <222> (3)..(9) <223>
circular <220> <221> MOD_RE5 <222> (5)..(5)
wop_w223> D-Phe <220> <221> MOD_RE5 <222> (7)..(7)
$32:28de 15 RECTIFII D SHEET 'ROe PCT/F | 2007 /
0504 4117 OCT 2007 -2007101711214524919.txt
15-2813> Abu <220> '

..
Dabh

24

<220> <221> MOD_RES5 <222> (7)..(7).<223>.Da
G g
4

D

Thr Xaa Xaa Lys Xaa Leu Xaa Xaa Thr
1 5

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220
<221
<2d >
<223>

<220>
<22L>
<222>
<223>

<2205
<220
<222>
<223

<2 20>
<22 1>
<222>
<223

<2 20>
<221>
<222>
<223>

<400

25

g

PRT
bhacterial

MOD_RES
(2)..(2
Abu

MOD_RES
3)..(3
pab

MISC_FEATURE
(32..09

circular

MOD_RES
(4.4
Abu

MOD..RES
(3)..(5)
0D-Phe

MOD_RES
(7). .(8)
Dab

25

The Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
1 5

<210>
<211>
<212>

26
9
PRT

rage 14
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<213>

<220
<221>
<222>
<223>

<220>
<221>
<Z A
<223>

<220>
<221>
<222
<223>

<220
<221>
<222
<223>

<220>
<221>
<22
<223>

<220>
<221>
<2h 2>
<223>

© <Al

27 Thr Xaa Xaa Xaa Xaa Lea Xaa Xaa 24.0% 07

28 <211> 10 <212> PRT <213> bacterial <220>

ey S221> MOD_RES%22232(19241) <223> Dab <220>
£#1> MOD_RES <222> (3)..(4) <223> Dab <220>
<221> MISC_FEATURE <222> (4)..(10) <223>

'ggg{t%%:ular <220> <221> MOD_RES <222> (5)..(5)

Abu’ <223> Abu <220> <221> MOD_RES <222> (6)..(6)
<223> D-Phe <220> <221> MOD_RES <222> (8)..(8)

'5-7E223> Dab <220> <221> MOD_RES <222> (9)..(9)

bab <223> Abu <400> 28 Xaa Thr Xaa Xaa Xaa Xaa leu

MISC%&&‘_L?&Qa Tim .1510 <210> 29 <211> 10 <212> PRT

(3>. <Z13> bacterial <220> <221> MOD_RES Page 16

T REGMFIED SHEET (RI'Aa PeT/F | 2 07/050441 7

MODWQEQT 2007'
(5)..05

b-Phe

<221> MOD_RES <222> (8)-(8) <22§&ﬁ§%§§93 (850448

MOD..RES
(7)..(H
Dab

MOD_RES
(8..(8)
Abu

26

Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
1 5

<210>
<21is
<2}2>
<213>

<220>
<221>
<222>
<223

<220>
<221>
<222>
<223>

<220
<221>
<222
<223>

<220>
<221>
<222>
<223>

<220>
<2 21>
<222>

27
9

PRT
hacterial

MOD__RES
2)..(2
aAbu

MOD__RES
(3)..04)
Dab

MISC. FEATURE
G)..(»
circular

MOD,_RES

(5)..(5)
D-phe

MOD_RES
..
Page 15
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223>

<220
<221
<228
<223

<400

Ihrrxaa Xaa

<210>
<211l>
<212
<213>

<220
<221
<222>
<223

<220
<221>
<222>
<223>

<220
<221>
<222>
223>

<220
<221>
<222»
<223>

<220
<221>
<222>
<223

<220
<221>
<222>
<223>

<220>
<221>
<222
<223>

<400

-2007101711214524919.txt <222> (l};,..é%)‘, %?g 877050447 &
Dab <220> <221> MOD_RES <222> (3)..(4) <223>gcT 2807 ‘
Dab <220> <221> mISC_FEATURE <222> (4)-(10)
<223> circular <2201 MODRES <222>
(5)..(5) <223> Abu <220> <221> MOD_RES <222>
voo_KB)..(6) <223> D-Phe <220> <221> MOD_RES <222>
80 (8Y.(8) <223> Abu <220> <221> mOD_RES <222>
57 (9)-.(9) <223> Dab <400> 29 Xaa Thr Xaa Xaa Xaa
Xaa Leu xaa Xaa Thr 1510 <210> 30 <211> 10
ZAILPRT SIS Bacterial <220> <221> MOD_RES
<222> (1)..(1) <223> DAb <220> <221> MOD_RES
28 <222> (3)..(4) <223> DADb <220> <221>

0

PRT MISC_FEATURE <222> (4)..(10) <223> circular
actigé

50> <221> MOD_RES <222> (5)..(5) <223> Abu
<220> <221> MOD_RES

MOD_RES
..
Dab

Abu

MOD_RES
3.\
pDab

MISC_FEATURE
(4>..¢10)

circutar

MOD_RES
(5)..(5)
Abu

MOb_RES
(6)..(86)
D~Phe

MOD_RES

{8)..(8)
Dab

MOD_RES

(%)..(9
Abu

28

§aa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
5 10

<210>
<211>
212>
<213>

<220
<221>

29

10

PRT
bacterial

MOD_RES
Page 16
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<222>
<223

<220
<221>
<222
<223

<2 20>
<2Z21>
<222>
<223>

<220>
<22}
<222>
<223>

<2 20>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

<222> (6)..(6) Page 17 RECTAED SHEEF BQI@QS;I), 050461
PCTIF | 2007 1 0504 41 7 OCT Z007 17 0CT 2007

-2007101711214524919 txt <223> D-Phe <220>
. S321> MOD_RESR2232(852(9P<223> Abu <400>
pab Xaa Thr Xaa Xaa Xaa Xaa Leta Xaa Xaa Thr 1510

<210> 31 <211> 10 <212> PRT <213> bacterial
¥35-°%220> <221> MOD_RES <222> (1)..(4) <223> Dab
526 <2205 <221> MISC_PEATORE <222> (4)..(10)

<223> circular <220> <221> MOD_RES <222>
“&?C%T{%S <223> Abu <220> <221> MOD_RES <222>
C1TCHBY..(6) <223> D-Phe <220> <221> MOD_RES <222>
woo_ig)-+(9) <223> Abu <400> 31 Xaa Xaa Xaa Xaa Xaa
3)..X&@ Leu Xaa Xaa Thr 1510 <210> 32

MOD_RES
(6)..(86)
D-Phe

MOD_RES
{8)..(8)
Abu

MOD_RES
9. (%
Dap

29

Xaa Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa Tgr
1 5 E

<210>
<211>
<232
<213>

<220
<221
<222>
<223>

<2 20>
<221>
<222
<223>

<220
<221>
<222>
<223>

<2 20>
<221>
<222>
<223>

<220>
<221>
<222>

36

10

PRT
bacterial

MOD_RES
(..
DAb

MOD_RES
3.8
DAD

MISC_FEATURE
(4. (A6

circular

MOD_RES
(5)..(5)
Abu

MOD_RES
{6)..(8)
Page 17
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<211> 9 <212> PRT <213> bacteriah £230> <2443
MOD_RES <222> (2)..(4) <223> Dab <220> <221gr71 2007
MISC_PEATURE <222> (3)..(9) <223> circular
2935 poppS220> <221> MR IRESPAGE B RECTIFIED
SHEE7 cRIA 91) PET /F 2 ?Yr/0602500074 4
232 wop_nR007101711214524919.txt <2225 (5)..(5) <223>
222> (B -H%Phe <220> <221> MOD_RE5 <222> (7)..(8) <223>
<a00> 30 Abu<400> 32 Thr Xaa Xaa Xaa Xaa Leu Xaa Xaa
Thr 15 <210> 33 <211> 9 <212> PRT <213>

Xaa Thr Xaa Xaa Xaa Xaa
1

ey Xaa_xaa Thr
bacterial £270> £25T>IMOD_RES <222> (2)..(4)
<223> Dab <220> <221> MISC_PEATURE <222>
<210= 31 3)-(9
<Zils> 10 ( )'( )
<Z12> PRT
<213> bacterial

<220>

<221> MOD_RES
222> (1)..(4)
«223> Dab

<220>

<221> MISC_FEATURE
<222> {43..(30)
<223> circular

<220>

<221> MOD_RES
<222>  (5)..(5)
<223> Abu

<220>

<22)> MOD_RES
<222> (6)..(8)
<223> D-Phe

<220>

<22 > MOD_RES
<222>  (8)..(9
<223> Abu

<400> 31

Xaa Xaa Xaa Xaa Xaa Xaa Leu Xaa Xaa Thr
1 5 10

<210> 32

<213> 9

<Z212> PRT
<213> bacterial

<220>

<221> MOR_RES
<222>  (2)..{4)
<223> ©Dab

<220 |
<221> MISC_FEATURE
<2225 (3)..(9)
<223> circular

<220
<Z221> MOD_RES

page 18
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<222>
<223>

<220>
<Z221>
<222>
<223>

<400

<223> circular <220> <221> MOD_RES €222 107 1 05 0
(5)..(5) <223> D-Phe <220> <221> MOD_RE5! <2883 2087
(7)..(8) <223> N-gamma-formyl-Dab <400> 33 Thr

(57, X%ap xaa Xaa XAV EUREREG 115 <210> 34

b-phe2]11> 9 <212> PRT <213> bacterial <220> <221>

o5 MOD_RES <222> (2)-(4) <223> Dab <220> <221>

¢y MBSC_PEATURE <222> (3)..(9) <223> circular

AbU £220> <221> MOD_RES <222> (5)..(5) <223> D-Phe

32 <220>Page 19 PCIFFi207554 41?0 C 2007

Jar Xaa Xaa- D0EY K2 KA524919.1xt <221> MOD_RES <222>

<210>
<211>
<212
<213

<220>
<221>
<222
<223>

<220
<221>
<2225
<223>

<220
<221>
<222>
<223

<220
<221
<228
<223>

<400>

(7)..(8) <223> N-gamma-acetyl-Dab <400> 34

33

g

PRT
hacterial

MOB_RES
(2).. (48
nab

MISC_FEATURE
(3)..(®»
circular

MOD_RES
(53..(5)
n-phe

MOD_RES
(7)..(82
N-gamma~Tormyl-bDab

33

Thr Xaa Xaa Xga Xaa Leu Xaa Xaa Thr
1 5

<210
<211>
<212>
<213>

<220>
<221»
<222
<223>

<220
<221
<222>
<Z223>

<220>
<221>
<222>
<223

<220

34

9

BRT
bacterial

MOD, RES
2)..(4&
Dabh

MISC_FEATURE
(37.7(9
circular

MOD_RES
(53..(%
p-pPhe
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<221>
222>
<223

<400

Thr Xaa xaa xaa xaa Leu xaa Xaa Thf 16 if?héég%ygé;? 5844

MOD_.RES
(7)..(8
N-gamma-acetyt-Dab

34

~2007101711214524918 . txt

Thr Xaa Xaa Xaa Xaa i.eu Xaa Xaa Thr
1 5
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