WO 2009/121483PCI7E,P2009/001982 Highly bridged peptides from Actinomadura namibiensis
Several highly bridged peptides are known in the literature, for example conopeptides isolated from

cone snails (foy @ Jgyiew,see e.g. Terlau & Olivera, Physiol. Rev. 2004, 5 %éT[AEjpzﬁ 1(9)5$E'ze so-called
lantibiotics (Chatterjee et al., Chem. Rev. 2005, 105, 633653) from Gram-positive bacteria source. The

said peptides have various utilities. The (antibiotic nisin, for example, is used as a food preservative
since many years. The conopeptides are useful for the treatment of pain, diabetes, multiple sclerosis
and 10cardiovascular diseases and currently undergo preclinical or clinical development. Examples of

conopeptidﬁ&g%%%ﬁg%?cggsm ﬁ%%@%ﬁggﬁé%ﬁ,@@gﬁed, connectivity: 1-3,2-4) and a-GID

(sequence: | RVNNOHVC, connectivity: 1-3,2-4), wherein 0/Hyp is hydroxyproline and
the connectivity indicates the position of the cysteine involved in each specific disulphide bonds, for

eéamgle,grget\‘ibc fairdigmgl @%C E@btt‘ilﬁfé%uéﬁ‘lé ﬁﬁdﬂiﬁ'is@@é ﬁl'ecioature, fc2)§ eé(am le con%pseptides

H2N-Glu-Cys-Cys-Asn-Pro-Ala-Cys-Gly-Arg-His-Tyr-Ser- -OH(NH2) I1SS| (a-Gl
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novel goupgaf, Fighds pridgedspeptidesiastiniedidaiinistegpepting. habdaecRalis Q006 e e &33tly

(European application ER06020980.6). Th -called L inthopeptins.exhibit.a unigue

bridging mobFSblELE (Y CEE Pas o TS S TR IR S R e
lantibiotic nisin, for example, is used as a food preservative since many years.

The conopeptides are useful for the treatment of pain, diabetes, muiltiple sclerosis and
10 cardiovascular diseases and currently undergo preclinical or clinical development.
Examples of conopeptides are o-Gl (sequence: ECCNPACGRHYSC*, *amidated,
connectivity: 1-3,2-4) and «-GID (sequence: IRYCCSNPACRVNNOHVC, connectivity:
1-3,2-4), wherein O/Hyp is hydroxyproline and the connectivity indicates the position of
the cysteine involved in each specific disulphide bonds, for example, first to third and

15 second fo fourth as in o-GiD:

!

H N-Glu-Cys-Cys-Asn-Pro-Ala-Cys-Gly-Arg-His-Tyr-Ser-Cys-OH{(NH,)

(a-Gl),

[ S-8

H_N-lle-Arg-Cys-Cys-Ser-Asn-Pro-Ala-Cys-Arg-Val-Asn-Asn-Hyp-His-His-Cys-OH

| cs |
{a~GID).

20
A novel group of highly bridged peptides named Labyrinthopeptins has been
discovered recently (European patent application EP06020980.6). The so-called
Labyrinthopeptins exhibit a unique bridging motif across their peptide chain, as
ilustrated by the compound in formula below:



It has now been found that further highly bridged peptides of the Labyrinthopeptin class can be
isolated from microorganism strain Actinomadura namibiensis (DSM 5 6313). The compounds are
distinctly different from the Labyrinthopeptin derivatives as described in patent application
EP06020980.6. 2a SUMMARY In a first aspect, thete is provided a compound of the formula (1)
wherein {A} is a group selected from {131 is a group selected from
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It has now been found that further highly bridged peptides of the Labyrinthopeptin
class can be isolated from microorganism strain Actinomadura namibiensis (DSM

5  6313). The compounds are distinctly different from the Labyrinthopeptin derivatives as
described in patent application EP06020980.6.



{C} is a group selected from 2b and R1is a group Vor a group C wherein R1 is H. C(0)-(C1-C6)alkyl
or C(0)-0-(Ci-C6)allcyl; R2 is OH, NH2, NH-(Cl-C‘QGEPaIkyI, NH-(C1-C4)allcyl en e-phenyl or
NH-(C1-C4)alkylenepyridyl; R3 and R4 are independently of each other H, (C1-C6)allcyl.
(Ci-C6)alkylenes&¥NH2, (C1 -C6)alkyl en e-C(0)NH (C -C4)alkyl or (C -C6)alkylen e-C(O)N [(Ci
-C4)a|kylal{$éaor R3 and R4 together wit%the S atoms wh%ch t‘lgley re attached form a disulfide group
S-S; R5 aldPREShASHFitle BSHUEHRY BRER AT SRS EC oY O, PR %@ R6 together are =0; m and n are

independently of one another 0, 1 or 2; with the proviso that if {A} is ""-[1----- ------ N H

wherein

{A} is a group selected from

arig ' :

{B} is a group selected from

HoOHl Ho
o ant O

{C} 1s a group selected from




and {C}is 2c R3 and R4 may not form a disulfide group S-S together with the S atoms to which they
are attached; or a compound of the formula (IV) D42 wherein R1 is H, C(0)-(C1-C6)alkyl or
C(0)-0-(Ci-C6)alkyl; R2 is OH, NH2, NH-(Cl-C6)-a yl, N[(CI-C61-alky1]2,
NH-(C1-C4)-alkylene-phenyl or NH-(C1-04)-alkylen e-pyridyl; R3 and R4 are independently from each
other H, (C1C6)alkyl or (CI-C4)-alkylene- C(0O)NH2; m and n are independently of one another O, 1 or
2;in any stéléochemical fg m, or a mixture of any stereoehemical foims in any ratio, or a

physiologically tolerable @ hereo .Ina second aspect, there is provided a process for preparing a
Z]Zé?
Y

compound of the formuja#asd d above, comprising a) fermenting the strain Actinomadura

namibiensis (DSM.6323), or one wagiants and/or mutants, under suitable conditions in a culture
medium until one’or morelof the @ 6uads of the formula (1) accrue(s) in the culture medium,
R, is a group Ry'or a group
O

O
Ry HN™ Ny

O

wherein R is H, C(O)-(C;-Cglalkyl or C(O}-O~(C,-Cglalkyl;

Rz s OH, NH;, NH-(C;-Cs)alkyl, NH-(C;-Cylalikylene-phenyl or NH-(C;-Cylalkylene-
pyridyl;

R; and Ry are independently of each other H, (C-Cg)alkyl, {C1-Cglalkylene-C(O)NHa,
(C1-Colalkylene-C(O)NH(C;-Cyjalkyl or (Ci-Cglalkylene-C(OIN[(C;-Cylaikyliz, or Ry
and Ry together with the S atoms to which they are attached form a disulfide group S-S;
Rs and Ry are independently of each other H or OH, or Rs and Re together are =0;

m and n are independently of one another 0, 1 or 2;

with the proviso that if

[A}is




b) isolating a compound of the formula (1) from the culture medium, and c) derivatizing, where
appropriate, the compound isolated in step b) anl?r/%r, where appropriate, converting the compound
isolated in step b) or the derivative of the compo isolated in step b) into a physiologically tolerated

salt. In a third aspect, there is pravi a process for prepari cempound a fi ove,
wherein FHeRBRHBRIFIR E‘F@agcf%%{zfggeb? The $6r§n§tﬁi%gtz?\%,wv;\?#eﬁgi§ f and R ‘éarlé okﬁwggfﬁlgl is H, R2 is
 OH. and¥%8f 124 are independently. of each other H, (CI-C6)alkYl, (C1-C6)alkylene-C(O)N-12,
(Cl-CG)QH&I%‘??Bp@tﬁfﬁﬂ%fg‘f-%)% r)ég:ll-C6)alkylene-C(O)NRCI-C4)aIky1}2, comprising a)
fermenting the strain Actinomadura ng ofensis (D 3 '#3)_or one of its variants and/or mutants,
under suitable conditions in a cultuyé ewm)mﬂﬂsrg [ farmula (IV, i.e.) Labyrinthopeptin
1$q inthopeptin A2 from the culture

i, 6) Bdfeing the cordg
medium, and c) derivatizing fHefcompotio isolatid in sfe vhere appropriate, converting the

@t The-HSewla 1o _,p. i * e ' e preparation of a medicament
for the treatment of bacteridl infe&tions. viralfnfectfons dhd/or ﬁ'ain. IR alfifth aspect, there is provided a
pharmaceutical composition comprising at least one compound as defined above and at least one

pharmaceutically acceptable carrie DNA coding for
prepro-Lafysia i ing asic i in SEQ ID NO: 13. In a
seventh aspect th [ @; ' Vi P amino acid sequence as
shown in SEQ IDANO: | ( 3, Byrinthopeptin A2 having the
amino acid &gt
‘ {hy,
wherein

R, is H, C(0)~(C;-Ce)alkyl or C(0)-0-(C;-Ce)alkyl;

Rz is OH, NHa, NH-(C;-Cg)-alkyl, N[(C;-Ce)-alkyl], NH-(C;-Cy)-alkylene-phenyl or
NH-(C;-Cy)-alkylene-pyridyl; .

R; and Ry are independently from each other H, (CiCelalkyl or (C;-Cs)-alkylene-
C(O)NHz;

m and n are independently of one another 0, 1 or 2;

in any stereochemical form, or a mixture of any stereochemical forms in any rafio, or a
physiologically tolerable salt thereof.

Ina sécbnd. aspect, there is provided a process for preparing a compound of the formula
(1) as defined above, comprising
a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants

and/or mutants, under suitable conditions in a culture medium until one or more of the
compounds of the formula (1) accrue(s) in the culture medium,

b) isolating a compound of the formuia (1) from the culture medium, and
¢) derivatizing, where appropriate, the compound isolated in step b) and/or, where

appropriate, converting the compound isolated in step b) or the derivative of the
compeund isolated in step b) into a physiologically tolerated salt.



In a ninth aspect, there is provided DNA coding for prepro-Labyrinthopeptin Al having the nucleic acid
sequence as shown in SEQ. ID NO: 17. In a tenth aspect, there is provided Prepro-Labyrinthopeptin Al
having the amino acid sequence as shown in SEfQ ID NO: 18. In an eleventh aspect, there is provided
Pro-Labyrinthopeptin Al having the amino acid sequence as shown in SEQ. ID NO: 19. DETAILED
DESCRIPTION An embodiment of the present invention is a compound of the formula (I) U WO
2009/120:A83RQ BAERR002604 982 Rlwhe rsinc 643 forapgrpapaetectsebiond as(Biiacd ghoup selected

from wherein the compound is characterized by the formula (IV),

wherein

m and n are both {,

R; is H,

Rs is OH, and |
R; and Ry are independently of each other H, (C,-Ce)alkyl, (Cy-Celalkylene-C{ONH,,
(C:1-Cg)alkylene-C(ONH(C;-Cy)alkyl or (C,-Cglalkylene~-C{OWI(C-Cyalkylls,
comprising

a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants
and/or mutants, under suitable conditions in 2 culture medium until the compound of
formula {IV, i.e.) Labyrinthopeptin A2, accrues in the culture medium,

b) isolating the compound Labyrinthopeptin A2 from the culture medium, and

¢) derivatizing the compound isolated in step b) and, where appropriate, converting the
derivative of the compound isolated in step b) into a physiologically tolerated salt.



{C}is a group selected from NH 10 and
- 2e

In a fourth aspect, there is provided the use of a compound as defined above for the
preparation of a medicament for the treatment of bacterial infections, viral infections

and/or pain.

In a fifth aspect, there is provided a pharmaceutical composition comprising at least one

compound as defined above and at least one pharmaceutically acceptable carrier.

In a sixth aspect, there is provided DNA coding for prepro-Labyrinthopeptin A2 having
the nucleic acid sequence as shown in SEQ ID NO: 13.

In 2 seventh aspect, there is provided Prepro-Labyrinthopeptin A2 having the amino acid
sequence as shown in SEQ ID NO: 14.

In an eighth aspect, there is provided Pro-Labyrinthopeptin A2 having the amino acid
sequence as shown in SEQ. ID NO: 15.

In a ninth aspect, there is provided DNA coding for prepro-Labyrinthopeptin Al having
the nucleic acid sequence as shown in SEQ. ID NO: 17.

In a tenth aspect, there is provided Prepro-Labyrinthopeptin Al having the amino acid
sequence as shown in SEQ ID NO: 18.

In an eleventh aspect, there is provided Pro-Labyrinthopeptin Al having the amino acid

sequence as shown in SEQ. ID NO: 19.

DETAILED DESCRIPTION

An embodiment of the present invention is a compound of the formula (I)



R1is a group R1' or a group 0 WO 2009/121483PCT/E1320091001982 4 wherein R1"is H,
C(0)-(C1-Co6)alkyl or C(0)-0-(Ci-05)alkyl; R2 is OH, NH2, NH-(Ci-C6)alkyl, NH-(Ci-C4)alkylene-phenyl
or NH-(Crat)alkylene-pyridyl; 5 R3 and R4 are independently of each other H, (CI-C6)alkyl,
(C1-C6)alkylene-C(0)NH2, (Ci-C6)alkylene-0(0)NE(Ci-C4)alkyl or (Ci-C6)alkylene-C(0)N[P-C4alkY1)2,
or R3 and R4 together with the S atoms to which they are attached form a disulfide group S-S; 10 R5
and R6 are independently of each other H or OH, or R5 and R6 together are =0; m and n are
independently of one another 0O, 1 or 2;
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15with the proviso that if {A} is 20{B} is
11 Ho Ho

WO 2009/121483

wherein

{A} is a group selected from

,and WO 2009/121483ECT/EP2009/0019825 N__Ii--N

PCT/EP260S/001982

O _NH 0
E— N —N N
H AH H OH
oH o 4 of o .

5
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R3 and R4 may not form a disulfide group S-S together with the S atoms to which they are attached; 5
in any stereochemical form, or a mixture of any stereochemical forms in any ratio, or a physiologically
tolerable salt thereof. Preferably, 10 {A}is 0 {B}is 150 {C}is

WO 2009/121483 PCT/EP2009/001982

wherein Ry’ is M, C(O)-(C4-Cg)alkyl or C(O)-O-(C-Cglalkyl;

Rz is OH, NH,, NH-(C+-Cs)alkyl, NH-{C4-C,)alkylene-phenyl or
NH-(C4-Cg)alkylene-pyridyl;

5
R and Ry are independently of each other H, (C+-Cg)aikyl, (C4-Cg)alkylene-C(O)NH,,
(C1-Cglalkylene-C{OINH(C-Cs)alkyl or (C4-Cg)alkylene-C(O)NI(C+-Ca)alkyl)z,
or R3 and R4 together with the S atoms to which they are attached form a disulfide
group S-S;
16

Rs and Rg are independently of each other H or OH, or Rs and Rg together are =0;

m and n are independently of one another 0, 1 or 2;

15 with the proviso that if
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WO 2009/121483PC17EP2009/001982 6 {A}is 5{B}is  ;and {C}is

WO 260%/121483 PCT/EP2009/601982

H 5 H Hg fo

0

Rs and R4 may not form a disulfide group S-S together with the S atoms to which they

are attached;

3
in any stereachemical form, or a mixture of any stereochemical forms in any ratio, ora
physiologically tolerable salt thereof.
Preferably,
10
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20 Further preferred,



0 ; and 10 R1 is preferably a group R1'. R1 is preferably H. 15R2 is preferably OH. R3 and R4 are
preferably independently of each other H, (Ci-C6)alkyl, (C1-C6)alkyleneC(0)NH2, or form a disulfide
group S-S together with the S atoms to which they are attached. More preferred, R3 and R4 are H or
form a disulfidggreupiStfaiogether with 20 the S atoms to which they are pitaehessMasipreferred, R3
and R4 form a disulfide group S-S together with the S atoms to which they are attached. WO
2009/121483PCIVEP2009/001982 7 R5 and R6 are pgeferably H or OH wherein if R5 is OH then R6 is
H, and if R5 is H then

{A}is
O __NH
_WH oH 0 :
5. {B}is
Nl
O ; and
{C}is

H H H H
| 0 O O O - and

R is preferably a group Ry’

10

R+ is preferably H.

15 Ry is preferably OH.

Rs and Ry are preferably independently of each other H, (C1-Cg)alkyl, (C;-Cs)alkylene-
C(O)NH_, or form a disulfide group S-S together with the S atoms to which they are
attached. More preferred, R; and R4 are H or form a disulfide group S-S together with

20 the S atoms to which they are attached. Most preferred, R; and R, form a disulfide
group S-S together with the S atoms to which they are attached.



R6 is OH, or R5 and R6 together are =0. More preferred, R5 is OH and R6 is H, or R5 is H and R6 IS
OH. wherein R1 is Re or a group 0 0 wherein Re is H, C(0)-(Ci-C6)alkyl or C(0)-0-(C1-C6)alkyl,
preferably H. Further preferred, compound (l) is characterized by a compound of the formula (lll) WO

2009/121483R§ T 4629094001982 8 wherein 5 R1 isR1oragroup 0 R1 HN,%%%B%@@%(H,
C(0)-(C1-C6)alkyl or C(0)-0-(Ci-C6)alkyl, preferably H; R2 is OH, NH2, NH-(Ci-05)-alkyl,

N[(Ci-C6)-alkyl, NH-(C1-C4)-alkylene-phenyl or 1ONH]-(C1-C4)-alkylene-pyridyl, preferably R2 is H;
and R3 and R4 are independently from each other H, (C1-C6)alkyl or (CI-C4)-alkylene-C(0)NH2.

Rs and Rp are preferably H or OH wherein if Rs is OH then Rg is H, and if R is H then
Re is OH, or Rs and Rg together are =0. More preferred, Rs is OH and Rsis H, or Rs is
H and Rg is OH.

5 Preferably, compound (1) is characterized by a compound of the formula (II)
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wherein Ry is Ry’ or a group

10
wherein Ry’ is H, C(O)-(C1-Cgjalkyl or C(O)-0-(C4-Cg)alkyl, preferably H.

Further preferred, compound (I} is characterized by a compound of the formula (lil)



15 Compounds of the formulae (Il) and (lll) wherein R1 is R1' are subsequently named
Labyrinthopeptins Al. 9 Compounds of the formulae (I1) and (Ill) wherein R1 is a group R, HN are
subsequently named Labyrinthopeptins A3, 5 Further preferred, compound (l) is characterized by a

compound of {hg fgsulagdV) CH:o0) H2 HNNN OH OH  wherein 10R1dgFdadfntcskC6)alkyl or
C(0)-0-(C1-Cé6)alkyl, and

8
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H c
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5 RyisRy oragroup
O
OH
R, HN
O

wherein Ry is H, C(O)-(C+-Cs)alky! or C(O)-0~(C+-Ce)alkyl, preferably H:

Rz is OH, NH,, NH-{C+-Cg}-alkyl, N[{C1-Cg)-alky!l>, NH-(C+-C4)-alkylene-phenyl or
10 NH-{C¢-Cy)-alkylene-pyridyl, preferably R is H; and

R and R4 are independently from each other H, (C4-Cgalkyl or
{C1-Cy)-alkylene-C{O)NH;.

15 Compounds of the formulae (i) and (Hl) wherein Ry is R/’ are subsequently named
Labyrinthopeptins A1.



R2 is OH, NH2, NH-(C1-C6)-alkyl, NRCI-C6)-alkylk, NH-(C1-C4)-alkylene-phenyl or
NH-(C1-C4)-alkylene-pyridyl, and 15R3 and R4 are independently from each other H, (C1-C6)alkyl or
(C1-C4)-alkylene-C(0)N H2. Compounds of the formula (IV) are named Labyrinthopeptins A2. WO
2009/121483Rel{5eb2308/001982 10 Preferably, in the compounds of the,forppiadhl@xAnd n are
both 0, or m and n are both 2, ormisOand nis 2, or mis 2 and n is 0. Most preferred, m and n are
both 0. The present invention furthermore relates to @I obvious chemical equivalents of the 5
compounds of the formula (I) according to the invention. These equivalents are compounds which
exhibit only a slight chemical difference, and have the same pharmacological effect, or which are
converted it ScEARYPBHMESISSRASENG fR AR IINURRERNAIRISE Biebgpnditions. Said equivalents also
include, for example, salts, reduction products, oxidation products, partlal hydrolytic processes esters,
ethers, 10 acetals or amides of the compounds of the férmula (1) as well as equivalents which the
skilled person can prepare using standard methods ;i addition to this, all the optical antipodes
and diastereomers and all the stereoisomeric forms.AJnless otherwise indicated, the chiral centers in
the compounds of the formula (I) can 15be pré?se}#tqln tie R configuration or in the S configuration. The
invention relates both to the optically pure compounds@nd to stereoisomeric mixtures, such as
enantiomeric mlxtgﬁes and dlastereoh?ggnc mixtures. Physiologically tolerated salts of compounds of

the formula ﬁﬁ are ﬁﬂ@?ﬁ%aeﬁg% é%gf??ﬁ?éﬁ?% nic salts and their inorganic salts, as are

described in Remington's Pharmaceutical Sciences (17th edition, page 1418 (1985)). Because of their

ore preriron B B B QP e R I o

of carboxylic acids or sulfonic acids, such as acetj&Heid, citric aci sﬂSanzmc acid, maleic acid,
fumaric acid, tartaric acid and p-toluenesulfoni¢-acid, are pr fed, inter a for basic groups.

L8 fiff
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wherein
10 Ryis H, G{O)-(C+-Ce)alkyl or C{O)-O~(C4-Cslalkyl, and

Rz is OH, NHz, NH-(C4-Cg)-alkyl, N[(C1-Cg}-alkyl]s, NH-(C,-C4)-alkylene-phenyi or
NH-(C+-Cs)-alkkylene-pyridyl, and

15 Raand Ry are independently from each other H, (C,-Cg)alkyl or
(C4-Cy)-alkylene-C(O)NH..

Compounds of the formula (IV} are named Labyrinthopeptins A2.



More preferred, the compounds of the formulae (1) to (IV) are characterized by the stereochemistry as
shown for a compound of the formula (V), that is a compound of 30 the formula (1), wherein WO
2009/121483PCT/EP2009/001982 11 {B}isHII0{C}is O 0 10 wherein R1is H; R2 are H; R3 and

R4 together wili,the s Atams to which they are attached form a disulfide 9gURsa30/001052

10

Preferably, in the compounds of the formula (I}, m and n are both 0, or m and n are

both2, ormisOandnis 2, ormis 2 and nis 0. Most preferred, m and n are both 0.

The present invention furthermore relates to all obvious chemical equivalents of the

5 compounds of the formula (1) according to the invention. These equivalents are
compounds which exhibit only a slight chemical difference, and have the same
pharmacological effect, or which are converted into the compounds according to the
invention under mild conditions. Said equivalents also include, for example, salts,
reduction products, oxidation products, partial hydrolytic processes esters, ethers,

10 acetals or amides of the compounds of the formula (1) as well as equivalents which the

skilled person can prepare using standard methods and, in addition to this, all the

optical antipodes and diastereomers and all the sterecisomeric forms.

Unless otherwise indicated, the chiral centers in the compounds of the formula (I) can
15 be present in the R configuration or in the S configuration. The invention relates both to
the optically pure compounds and to stereoisomeric mixiures, such as enantiomeric

mixtures and diastereomeric mixtures.

Physiologically tolerated salts of compounds of the formula (1) are understood as being
20  both their organic salts and their inorganic salts, as are described in Remington’s

Pharmaceutical Sciences (17th edition, page 1418 (1985)). Because of their physical

and chemical stability and their solubility, sodium, potassium, caicium and ammonium

salts are preferred, inter alia, for acid groups; salts of hydrochloric acid, sulfuric acid or

phosphoric acid, or of carboxylic acids or sulfonic acids, such as acetic acid, citric acid,
25  benzoic acid, maleic acid, fumaric acid, tartaric acid and p-toluenesuifonic acid, are

preferred, inter alia, for basic groups.

More preferred, the compounds of the formulae (l) to (IV) are characterized by the
stereochemistry as shown for a compound of the formula (V), that is a compound of

30 the formuia (1}, wherein

{A}is



R5is H; 15 R6iS OH; and m and n are 0: WO 2009/121483PCT/EP2009/001982 12 preferably by
formula (VIII) 5 HO (VIII), WO 2009/121483PCT/EP2009/001982 14 For a further characterization of
the compounds of the present invention, the peptide residues were converted back to their probable

precursors frog sibpsqmal peptide synthesis. The aIpha,alpha-disubstitutegar%%(aogtgﬂggip residues 4
e e

and 13 are without precedence in the literature. The said amino acids may b SCrI as a Ser
residue, 5 where the hydroxyl group at the beta—positiﬂn is substituted, as shown below for the
compounds of the formulae (1) and (llI):
Ri-HN-Ser-Asn-Ala-Ser-Val-Trp-Glu-Crs-Cys-Ser-Thr-Gly-Ser-Trp-Val-Pro-Phe-Thr- ys-Cys-R2 |

----------- S(0), S(0)4 o
‘ sl
a— N
H gH o .
{B)is
N
H ”
O .
5
{C}is
— NH
L L X
—N N N N N A | —
H 8 H G rE o Ho Ho _
R1 is
0
CH
R,"HN
0
10 wherein Ry is H;
R; are H;
Rs and R, together with the S atoms {o which they are attached form a disulfide group
S-5;
Rs is H;

15 Rgis OH; and

m and n are 0:



SR4R3S (SEQ ID NO: 1). 10 In a preceding European patent application for Labyrinthopeptin A2
(EP06020980.6), the following ribosomal precursor was assumed in the absence of knowledge on the
biosynthesis: H2N-Ala-Asp-Trp-Ala-Leu-Trp-Glu-Ala-Cys-Ala-Thr-Gly-Ala-Leu-Phe-Ala-Ala-Cys-OH |

L1 S(0)M SR 2009/121483 PCT/EP2009/001982
12
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most preferred, as described in the formula (V1)

T

X
]
mrnnne (")

LETRLTITIBHTH

“%/ ﬁ/ J(w—rmm—r S TaTe
(V).

A further embodiment of the present invention is a compound of the formula (1),

characterized by the formula (V1)



15 S S (SEQID NO: 2). On the basis of new insights in the biosynthesis of Labyrinthopeptins (see
below), the biosynthetic precursor for compounds of the formula (IV) is described as follows: 20
R1-HN-Ser-Asp-Trp-Ser-Leu-Trp-Glu-Cys-Cys-Ser-Thr-Gly-Ser-Leu-Phe-Ala-Cys-Cys-R2

WO 2009/121483 PCT/EP2009/001982

HoC

RURTTT:

0 O @]
© Vi),

preferably by formula (Vi)

HHIFRARHAR

(v,

wherein the formulae (V) and (V1) refer to Labyrinthopeptin A3, and the formulae (Vi)
and (Vi) refer to Labyrinthopeptin A1.



S(0).,

10
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20

25

WO 2009/121483 PCT/EP2609/001982

14

For a further characterization of the compounds of the present invention, the peptide
residues were converted back fo their probable precursors from ribosomal peptide
synthesis. The alpha,alpha-disubstituted amino acids in residues 4 and 13 are without
precedence in the literature. The said amino acids may be described as a Ser residue,
where the hydroxyl group at the beta-position is substituted, as shown below for the
compounds of the formulae (1) and (IIl): '

Rj—HN~Ser~Asn~A!a~Ser~Vaf~Trp—GIu»CTS—Cys-Ser-Thr-Gfy~Ser-Trp~Val—Pro—Phe-Thr—Cys—Cys—Rz

L —"1 S(O)n

SO}y
SR, RS

(SEQ ID NO: 1).

in a preceding European patent application for Labyrinthopeptin A2 (EP06020880.6),
the following ribosomal precursor was assumed in the absence of knowledge on the

biosynthesis:

H,N-Ala-Asp-Trp-Ala-Leu-Trp-Glu-Ala-Cys-Ala-Thr-Gly-Ala-Leu-Phe-Ala-Ala-Cys-OH

5-8

(SEQ ID NO: 2).

On the basis of new insights in the biosynthesis of Labyrinthopeptins (see below), the
biosynthetic precursor for compounds of the formula (V) is described as follows:

R,-HN-Ser-Asp-Trp-Ser-Leu-Trp-G lu—Cys—Cys-SenTi‘xr—GIymSer—Leu-F’he—rﬁ\}a-CTs—Cys—R2

S{O)p, l l—l/l S(0), A_J
SR R,S

4

(SEQ ID NO: 3).

The invention also relates to a process for preparing a compound of the formula (1)
according to claim 1 comprising

a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants



S(0)n (SEQ ID NO: 3). The invention also relates to a process for preparing a compound of the
formula (I) 25according to claim 1 comprising a) fermenting the strain Actinomadura namibiensis (DSM
6313), or one of its variants WO 2009/121483PCT/EP2009/001982 15 and/or mutants, under suitable
conditions in a“cgli 9?1?] éj_‘ium until one or more of the compounds of the formula (I) accrue(s) in the
culture medium, bﬁso ating a compound of the formula (I) from the cultur& W&dith fogﬁgcfzc)
derivatizing, where appropriate, the compound isolated in step b) and/or, where 5appropriate,
converting the compound isolated in step b) or the derivative of compound isolated in step b) into a
physiologically tolerated salt.

and/or mutants, under suitable conditions in a culture medium until one or more of
the compounds of the formula (1) accrue(s) in the culture medium,
b) isolating a compound of the formuia {1} from the culture medium, and
c) derivatizing, where appropriate, the compound isolated in step b) and/or, where
5 appropriate, converting the compound isclated in step b) or the derivative of

compound isolated in step b) info a physiologically tolerated salt.

Preferably, the compound isolated in step b) is characterized by formula (1) wherein m
and n are both 0,
10  R4isRy oragroup

wherein Ry is H, and
R, is OH.

15 Further preferred, the compound isolated in step b) is Labyrinthopeptin A2 which
subsequently derivatized in step ¢) fo a compound of the formula (IV) wherein |
m and n are both 0,
Ryis H,
Rz is OH, and

20 Rsand R, are independently of each other H, (C4-Cg)alkyl, (C1-Cs)alkylene-C(O)NH,,
(C1-Ce)alkylene-C(O)NH(C+-Cylalkyl or (C1-Cg)alkylene-C{ON[(C-Calkyllz.

The culture medium is a nutrient solution or a solid medium containing at least one
customary carbon source and at least one nitrogen source as well as one or more

25 customary inorganic saits.

The process according to the invention can be used for fermenting on a laboratory
scale (milliliter to liter scale) and for fermenting on an industrial scale (cubic meter

scale).



Preferably, the compound isolated in step b) is characterized by formula (II) wherein m and n are both
0, 10R1 is R1' or a group 0 HN---"- 0 wherein R1'is H, and R2 is OH. 15Further preferred, the
compound isolated in step b) is Labyrinthopeptin A2 which subsequently derivatized in step c) to a
compound of ¥#e 1ralas@\V) wherein m and n are both 0, R1 is H, R2 is @¢f/ermi20R8sand R4 are
independently of each other H, (C1-C6)alkyl, (C1-C6)alkylene-C(0)NH2,
(Ci-C6)alkylene-C(0)NH(Ci-C4)alkyl or (Ci-C6)alkylerdié-C(0)NRC1-C4)alkyl12. The culture medium is
a nutrient solution or a solid medium containing at least one  customary carbon source and at least
one nitrogen source as well as one or more 25customary inorganic salts. The process according to the
invention can be used for fermenting on a laboratory scale (milliliter to liter scale) and for fermenting on

an industrialsgalglécethisometnirssalR)y tNM@RABNARIH 8RR SEFRZ0a%9 rafoultailgearbon

sources for the Cé\ entation are assimilable carboh%drates and su ar alcohols, such as glucose,

lactose, suc H?%%f“&g%ﬁeiﬁﬁ@é‘arﬁa Bty rﬁ%ﬁf’@%@@@%hgﬁ s malt
extract or yeastiaixirachxampleduats, such as malt extract or yeast extract. Examples of

5  nitrogen-containing nutrients are amino acids; peptides and proteins and also their
breakdown products, for example casein, peptones or tryptones; meat extracts; yeast
extracts; gluten; ground seeds, for example from corn, wheat, beans, soya or the
cotton plant; distillation residues from producing aicohol; meat meals; yeast extracts;
ammonium salts; nitrates. Preference is given to the nitrogen source being one or

- 10 more peptide(s) which has/have been obtained synthetically or biosynthetically.
| Examples of inorganic salfs are chlorides, carbonates, sulfates or phosphates of the -
alkali metals, the alkaline earth metals, iron, zinc, cobalt and manganese. Examples of

trace elements are cobalt and manganese.

15 Conditions which are especially suitable for forming the Labyrinthopeptins according to
the invention are as follows: from 0.05 to 5%, preferably from 0.1 to 2.5%, yeast
extract; from 0.2 to 5.0%, preferably from 0.1 fo 2%, casitone; from 0.02 to 1.0%,

preferably from 0.05 to 0.5%, CaCla x 2 H20; from 0.02 to 1.5%, preferably from 0.05

to 0.7%, MgS04 x 7 H20 and from 0.00001% to 0.001% cyanocobalamin. The

20  percentage vaiues which are given are in each case based on the weight of the total

nutrient solution.

The microorganism is cultured aerobically, that is, for example, submerged while being
shaken or stirred in shaking flasks or fermenters, or on sofid medium, where

25  appropriate while air or oxygen is being passed in. The microorganism can be cuttured
in a temperature range of from about 18 to 35°C, preferably at from about 20 to 32°C,
in particular at from 27 to 30°C. The pH range shouid be between 4 and 10, preferably
between 6.5 and 7.5. The microorganism is generally cuitured under these conditions
for a period of from 2 to 10 days, preferably of from 72 to 168 hours. The micro-

30 organism is advantageously cuitured in several steps, i.e. one or more preliminary
cultures are initially prepared in a liguid nutrient medium, with these preliminary

cultures then being inoculated into the actual production medium, i.e. the main culture,



5nitrogen-containing nutrients are amino acids; peptides and proteins and also their breakdown
products, for example casein, peptones or tryptones; meat extracts; yeast extracts; gluten; ground
seeds, for example from corn, wheat, beans, soya or the cotton plant; distillation residues from

producing alcghgl mgal peals; yeast extracts; ammonium salts; nitrates. g&eﬁ%ggo%??ﬁ%?&ven to the

nitrogen source being one or 10 more peptide(s) which has/have been obtained synthétically or
biosynthetically. Examples of inorganic salts are chIO{iples, carbonates, sulfates or phosphates of the
alkali metals, the alkaline earth metals, iron, zinc, cobalt and manganese. Examples of trace elements
are cobalt and manganese. 15Conditions which are especially suitable for forming the

Labyrinthopeiite,AqaeiH ag 4adly WerloBAIsas folays: i OdfainihaReistahlidrom 0.1 to
2.5%, yeast extract; from 0.2 to 5.0%, preferably from 0.1 to 2%, casitone; from 0.02 to 1.0%,

preferably frofEH68 {O23eMeiacry oqyBtingdhe Gitaine i b fosrarefaBRetAlveCelSter0. 7%, MgSO4
x 7 H20 andsferas) inf0a Hutlie R 08l HoAYaRPSRRAIAG o The W Odp ersaniasa: valus s which are given
are in each casf[e b%fefd OE{ the \ggégb%g{ the togal rkl%rient sg{]tio . The microorganism_is cultured
aerobically, (hEEEFERLAIPIES UG WIRREBLING SRS @RUPSTRRLES T BB ieS &
fermentérs, exampdelidynaddiving theesz25 lappropiiatéovhibairtor ioxygeays, heisgrapgsed it he
microorgani c ed.| rat ffro out 18 to 35 referably at from
about 20 to %&ﬁ%gﬁlcu a%r g?%(??ﬁ@%% @@égﬁ%gﬁiﬁéﬁg%i%éﬁ“ eeyggﬁv%g% "4 and 10, preferably
between 6.5 and 7.5. The microorganism is generally cultured under these conditions for a period of

from 2 to 1016aysapyaftFRpNRHERIVESJEs 0% M- G Wgﬁﬁ@&%?ﬂ&ﬁﬂ&?@m@&%'y

cultured in several steps, i.e. one or more preliminary cultures are initially prepared in a liquid nutrient

medium, wittSiRESOPAIMRIERAY S BRGHEKIRG A ERAHGHAbR e TiRe! 1D ek PPFOBIGIRIAAh e dium, ie.

the main culstspeni¥OFARY/MALARIREIHCRO 091001 932 Liédariexaspie ikbadatiedus yobme of from
1:10 to 1:100. Thet%e ia inﬁr h%uléurt?ni% obta{ned,.fo exmme, b%jnoculatin% thegstr_ in, in the form of
YIRIG RS IRAESYRINGS & § PR 48\%dr BenndBEtHEo to 120

vegetative oS 67 spores; Into and feAt SofUtGR ané]%ﬁ:
hours, prefdestiiyidorstern, 48toto6 hoambivedbtasivestaliseafidioed papesiieathbeciidaineg dieds
example, by,allowingihe.straigtaow for from about 1 to 15 days, preferably for from 4 to 10 days,
on a solid or liquid nutrient substrate, for example yeast agar. The Labyrinthopeptin derivatives can be
isolated and purified from the culture medium using known methods and taking account of the

chemigal, pirysigi avhBiiogieatulture broth or the culture together with the solid medium is
optionally lyophilized, and the Labyrinthopeptin derivatives are extracied from the
fyophilizate using an organic solvent or a mixture of water and an organic solvent,
preferably containing 50-80% organic solvent. Examples of organic solvents are
methanol and 2-propanol. The organic solvent phase contains the natural substances
20 according to the invention, it is concentrated, where appropriate, in vacuo and
subjected to further purification.

The further purification of one or mofe cormpounds according to the invention is
effected by chromatography on suitable materials, preferably, for example, on

25  molecular sieves, on silica gel, on aluminum oxide, on ion exchangers or on adsorber
resins or on reversed phases (RPs). This chromatography is used to separate the
Labyrinthopeptin derivatives. The Labyrinthopeptin derivatives are chromatographed
using buffered, basic or acidified agueous sbiutions or mixtures of aqueous and
organic solutions.

30 '
Mixtures of aqueous or organic solutions are understood as being all water-miscible

organic solvents, preferably methanol, 2-propanol or acetfonitrile, at a concentration of



10 properties of the natural substances. HPLC was used to test the concentrations of the respective
Labyrinthopeptin derivatives in the culture medium or in the individual isolation steps, with the quantity
of the substance formed expediently being compared with a calibration solution. 15For the isolation,

the culture brogh,arshe,eulfure together with the solid medium is optionallyijggﬂﬂjﬁ%?gﬂﬁgg the

Labyrinthopeptin derivatives are extracted from the lyophilizate using an organic solvent or a mixture
of water and an organic solvent, preferably containing 0-90% organic solvent. Examples of organic
solvents are methanol and 2-propanol. The organic solvent phase contains the natural substances 20
according to the invention; it is concentrated, where appropriate, in vacuo and subjected to further

puriication. e, &I es AUILERIOBAANe SRR PABAYRISEECHIAG Wolhennuerigndp effected

by chromatography on suitable materials, preferably, for example, on 25 molecular sieves, on silica
gel, on alunfRTRkRR-L PPN YBISLRETHESEIBY R SHaaBic oMt rs ddh piadiess(rBish This

chromatograpydpesedioase Braigntbekaipatnisangriie derivatives. The Labyrinthopeptin derivatives
are chromatographed using buffered, basic or acidified aqueous solutions or mixtures of aqueous and

organic solutions. 30 WO 2009/121483PCT/EP2009/001982 18 from 5 to 99% organic solvent,
preferalsly frohe .ab B0 apgatiicdsolvatiteerasseagibbatdr e dgubasis sblkdmtifianic) are miscible

with Orga”icg%‘?é‘éﬁ?é- tﬁ?ﬁ%‘r@&? Wolhare fabe é@%ﬁ@ﬁ@;}y Sﬁa?ﬁ’ﬁ@f&%dﬁgwe- SThe

Labyrinthopeptin derivatives are separated, on the basis o ering polarities, by means of

reversed phéasisetrentasiyrifinybiehietanase Urimoelda sibelTreSR Hdstbiehbragan) or Amberlite
XAD (TOSQ{ARphoBionathiendydranbabifsnateials Jorpxasnmla s RP i8kiB, 48 phases. In

addition, the Separation can be effected by means of normal-phase chromatography, for example 10on
silica gel, alSRAAFHSKRD RRFiirctRePBiiRaRY ,OEQQiW@’"BEWéH’%U@H%@%MﬂWseé?@‘BWderstood

as being, fobaxaiwalge\vaketpirasphiatedhidfer dkemnonium acetate and citrate buffer at a
concentration of up to 0.5 M, as well as formic acid, acetic acid, trifluoroacetic acid, ammonia and
15triethylamine, or all commercially available acids and bases known to the skilled person, preferably
at a concentiatfioredf bpgic t9additied easeotbaffvriiahaqueonsdwsiotdrss peitigular prefepénce is
given to 0.1 APMABLRACHAE:, sHIFIATAAURRINCARAE cared utHRG AianEhich
began with 100% water 20 and ended with 100% organic solvent; the chromatography was preferably

run with a life&xgMdrsnvel feAPTHS 856, aeetisrifh. AnRRRAR afid AIBePHEsIE to carry out a

gel chématwwwﬁﬁ@mslemag@gm?@mw@@%@@Eﬁ@ﬁ%%@é@ %ﬁh;@ﬂ%&%@@@y can g-g- be
carried out on 25 polyacrylamide gels or copolymer gels, The sequence of the abovementione
chromatogré{’&ﬁ?@Eté%g’%ésyeafa?‘é?ggap%ﬁmx ofeugto 1‘%. In thg case o?buff%red aqueous

solutions, particular preference is given to 0.1% ammonium acetate.

The chromatography can be carried out using a gradient which began with 100% water
20 and ended with 100% organic solvent, the chromatography was preferably run with a

linear gradient of from § to 95% acetonitrile.

Alternatively, it is also possible to carry out a gel chromatography or chromatography
on hydrophobic phases. The gel chromatography can e.g. be carried out on
25  polyacrylamide gels or copolymer gels. The sequence of the abovementioned

chromatographic steps can be reversed.

Insofar as Labyrinthopeptins are present as sterecisomers, they can be separated
using known methods, for example by means of separation using a chiral column.

30 :
The derivatization of the OH group to an ester or ether derivative is effected using
methods which are known per se (J. March, Advanced Organic Chemistry, John Wiley



Insofar as Labyrinthopeptins are present as stereoisonners, they can be separated using known
methods, for example by means of separation using a chiral column. 30 WO
2009/121483PCT/EP2009/001982 19 & Sons, 4th edition, 1992), for example by means of reaction
with an acid aq{;ég%i(g%ﬁr‘igy reaction with an di-alkyl carbonate or di-alkyl sulfate. Derivatization of the
COOH group to an ester or amid derivative is effected using methods whic?icé%?l%ﬂ‘%?\’/@?ﬂ?)gér se (J.
March, Advanced Organic Chemistry, John Wiley & Sans, 4th edition, 1992), for 5 example by means
of reaction with ammonia to the respective CONH2 gllgup, or with an optionally activated alkyl
compound to the respective alkyl ester. Oxidation of -CH2-S-CH2- groups to a -CH2-S(0)-CH2- or a

-CH2-S(0)2- - Qr 1 he jev; S| e respective Labyrinthgpeptin, derivative to
oxygen or ai%%%%%&%&%g’uﬁﬁeﬂz f?&%&%ﬂéﬁ%‘gv@%‘& %Ilgé%aﬁ(l%éo H'o ’gr’eénsqgf% r%'ﬁ'ﬂ’sd rig‘ee‘r"]“(‘acted
using 10 mefho@aeiiei akeaRrivaik petasb gpata o stitadny Ankhjeisfrvyasiteline of sieu@§@ksulfide

bridges, andgzuliBygrvh YRUPSIBRIQEH i Sis WHHRAN:L Ralp gw% ds.),
Advanced Mge?[ho%s in Protein Microsequencl:e Asnaly%%@j%qﬁ)ﬁ%ﬂ%i?lin, 19%}(%/,33%%544-2 %?,s(f%r

example thered{R8n A VARSSSs YoamifdahRmbTndme Wiy &iSanesi Al aianditReR )stfide
reductiof to exaenprobnchebASbirdaamptavihvdherainiRBband Répraivk €HG8)dkMto, or with

(Ci-C6)alkylene-C(O)NH2, (Ci-C6)alkylene-C(0)NH(C1-a4)alkyl or o
(Cl-GG)alky?enngPéféﬁ{may %a‘?k%}ﬁlzc e éé)n gcf‘éﬁé@deﬁp%%ﬁr?dké([c%?jr%ogﬁ@%tﬁﬂé’formula (1)
wherein R3 &bt #73-Edim groligsifide giidlp R G-OdetveawiliHe(O)at0Ms radnichat sy seeiaitached
with an (C1-G6)alky aRide.Qr by = N ,égﬁl en- . i
20(Ci-C6)aIkE):/FI§gne- Fg)ﬁ%i(C%jﬁce&gi%?%%é&@f%sc@é%%@%% ( B Redsting
presence of HiidiiTat qeanaly fepyarkbnadistiensof free B @rpups. isoritectddhisimicroorganism
strain AgtinosnaduiR RaRIPiRasEVas SRS IR IHBNSORIIA AR R BPK N FRtmaRysder
identification refiﬁnrﬁe&qu—A%#Q%g;ﬁXZS Deutsche Samml_upl% von Mikroorganismen und
Zellkulturen SSRGS fett WS GERHER RIG BB i fr ¥ AR (8RN Y- Mascheroder
Weg 1B (as 84208, Mitoffetstary(Bjs38 k¢ Brauhsiitsie iSSRro1amyiir@seqisktecawilyshe rules of
the Budape .0 91 under ollowing numper DSM 6313. Microorganism strain
Actinomadu?équ E]%.%‘I%B%%ﬁ%ls ér%h%d%%%ﬁ%@b)? W.’ﬁ%“e‘?‘ g.#‘l% H?&i%ﬁgﬁgﬁ'& al of Systematic
and Evolutictifiripitrieitobisrshine aligad;7 2sirpalk yhiodiixso S atide 3pQEPIOCOQMSAMAGF
15 the formula (I) wherein R3 and Rq are H, (C4-Cg)alkyl, (C+-Cg)alkylene-C{O)NH,,

(C1-Cglalkylene-C{O)NH(C+-Cs)alkyl or (C4-Ce)alkylene-C{O)N[(C+-C,)alkyl]> can be

achieved by reacting a compound of the formula (1) wherein Rz and R, form a disulfide

group S-S together with the S atoms to which they are attached with an (C:-Cs)alkyl-

halogenide or halogen-(C+-Cg)alkylene-C(O)NH,, halogen-

20 (C+-Celalkylene-C(O)NH(C4-Cy)alky! or halogen-(Cq-Cg)alkylene-C{O)NJ(C4-Ca)alkyll
in the presence of dithiothreitol (general literature). Halogen is F, CI, Br or |,

An isolate of the microorganism strain Actinomadura namibiensis was deposited by
Hoechst AG, Frankfurt, Germany, under identification reference FH-A 1198 in the

25  Deutsche Sammiung von Mikroorganismen und Zelikulturen [German Collection of
Microorganisms and Cell Cultures} GmbH (DSMZ), Mascheroder Weg 1B (as of 2008:
Inhoffenstr. 7 B}, 38124 Braunschweig, Germany, in accordance with the rules of the
Budapest treaty, on 23.01.1981 under the following number; DSM 6313.
Microorganism strain Actinomadura namibiensis is further described by Wink et al. in

30 International Journal of Systematic and Evolutionary Microbiclogy 2003, 53, 721-724.



Instead of the strain Actinomadura namibiensis (DSM 6313), it is also possible to use its mutants
and/or variants which synthesize one or more of the compounds according to the invention. 5 A mutant
is a microorganism in which one or more genes in the genome has/have been modified, with the gene,
or the genes, ngpﬂbﬂ? %{espo_n_sible for _the ability of t_he organism to prod&;&gp%%g o) 2ound _
according to the'invention remaining functional and heritable. 10 Such mufants can be produced, in a
manner known per se, using physical means, for exag(lple irradiation, as with ultraviolet rays or X-rays,
or chemical mutagens, such as ethyl methanesulfonate (EMS); 2-hydroxy-4-methoxybenzophenone
(MOB) or N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), or as described by Brock et al. in "Biology of
Microorgani ; i : -24 4) ; riant.is a.

microorganizﬁng. ﬁ%gﬁggﬁgﬂép t%g\%%[ﬁ%%’éIi?%%z?ﬂa%%iﬁt%@@éﬁdﬁ%%i%%ﬁ%@%m%sgxhibit
highly develtp&akHysisistriararesntsinhin siatberszefane phigtesrghHisracreawslsageartieg
phenotypic gdamatiotm#¥th the nature of the change not being genetically conditioned and being
reversible 20under altered conditions (H. Stolp, Microbial ecology: organism, habitats, activities.
Cambridge University Press, Cambridge, GB, page 180, 1988). Screening for mutants and/or variants
which synthasizetames marooighasanmpebitscaccordngd gdnednnend e inachiengrdoy optionally
lyophilizing the fermentatjon 25medium an%extracting t eCPo hilizate or the fermentation broth with
o organc SO TR Loy T BF Galbt Sho & FaGer NGl P et 0 Al ping by
means of HeCotgarisinoohy adstiadghthedingogindlsciviting to Te ifsemtonaternagundifiordionay be
applied to Agtingiaagigia hamibiensis (DSM 6313) 30and for mutants and/or variants thereof. WO
2009/121483PCT/EP2009/001982 21 (I), as defined above, for the treatment of bacterial infections,
especially bacterial infections caused by Gram-positive bacteria, for the treatment of viral infections

agd/or i@r thsgle?aﬁm??&s)fcaai?e Wﬁf@&daﬁa r@a&hiké@ mﬁfd@f@éﬂﬁ’@ﬁ@')éﬁ@%ﬁg%%ﬁﬁm-f&TTe
above described medicament (also referred ta as pharmaceutical preparation or pharmaceutica
compositionf M AR BHILRR G RPUPI RS BhE Ee¥io SLARESH L THRRRTEH SHE A
stereochemigiayiormathanasuibstuite gEMEY) sk hgdeheyricaldthrowgbe raerop hationer( R piB)siologically
tolerable salg,or ical .equivalent thereof,. bed ve, and at least one pharmaceutically
acceptable g\léméﬁ%%é%[%ﬁéﬁgegﬁ%égg?ﬁ%%ég%@m@eiﬁggﬁ)yd%’gggg?gb?gaﬁ?ﬁgresPu f?‘sipances (or
vehicles) andtsiegnfdic(opraraisiests | rentoa dtidanrasscarbbtddiiBtered orally, for example in

the forgy of pills, tablets, lacquered tablets, coated tablets, granules, hard and soft gelatine capsules,

solutions, 15syrups, emulsions, suspensions or aerosol mixtures. Administration, however, can also
Avanant is a phenotype of the microorganism. Microorganisms have the ability to

adapt to their environment and therefore exhibit highly developed physiclogical
flexibility. All the cells of the microorganism are involved in the phenotypic adaptation,
with the nature of the change not being genetically conditioned and being reversible

20  under altered conditions (H. Stolp, Microbial ecology: organism, habitats, activities.
Cambridge University Press, Cambridge, GB, page 180, 1988).

Screening for mutants and/or variants which synthesize one or more of the compounds
according to the invention is achieved by optionally lyophilizing the fermentation

25  medium and extracting the lyophilizate or the fermentation broth with an organic
solvent or a mixture of water and an organic solvent as defined above, and analyzing

by means of HPLC or TLC or by testing the biological activity.

The fermentation conditions may be applied to Actinomadura namibiensis (DSM 6313)
30  and for mutants and/or varanis thereof.

A further embodiment of the present invention is the use of a compound of the formula



be carried out rectally, for example in the form of suppositories, or parenterally, for example
intravenously, intramuscularly or subcutaneously, in the form of injection solutions or infusion
solutions, microcapsules, implants or rods, or percutaneously or topically, for example in the form of
ointments, solyiipnsHitingtures, or in other ways, 20 for example in the fo;&m‘ggg&&&l&i)r nasal
sprays. The medicaments according to the invention are prepared in a manner known per se and
familiar to one skilled in the art, pharmaceutically accgptable inert inorganic and/or organic carrier
substances and/or additives being used in addition to the compound(s) 25 of the formula (1) in any
stereochemical form, or a mixture of any stereochemical forms in any ratio, or a physiologically

tolerable salpraah@sicad e esticreatnis g esaiadiabeysct ok e ety i ehails, tablets,

coated tablets and hard %(talat}%e é%psules, it is possihle to use, for example, lactose, corn starch or
i

derivatives tHETEEPE 2 LG8 yPRs iR dadierBaipkina iretineat bvisakinertinns @¥&ies and
30suppositoivesher ercttredubiaifats peakdly, rreamdgelitiapdihosithielysistratigiaedgarned oils,
etc. Suitable carrier substances for the production of solutions, for example injection solutions, or of
emulsions or syrups are, for example, water, saline, WO 2009/121483PCTTEP2009/001982 22
alcohol$, glydegaibpwtydisasipad seeditamend dals g hefesed e gstablrmiseetabpitgideatarrier

substances fprICHQCARSHISSITBRIAONS ORISR dRESXAMPIRFARPIIES }%%%'{' Afd gpd lactic

acid. The pharmaceutical preparations 'normally contain about 0.5 to about 9 weight of a

compound PRV (I AN/ Slser sPRES MaBRENEE AHsiarRaTieRinabfoEnsds. The
amounthof t%??ﬁﬂ@, iag&a@@mgmﬁp&?ét@fﬁé _Emrwr” %lwﬁﬁ?@él&rlaiﬁaéiﬁmn@fﬁ%%tulre thany f
stereochemical fQrms In an _I’atl ora SIO ically toler e salt or.chemica equiva ent thereof, as
desaribed o %8{*@&@%3 Ve%iéaﬂ?%%{%aﬁ%%%ﬁﬁ%mé?%%ﬂ YPEPRIVBCREEY RIS HraRlYM$ from
about 10to abooncHe @ negmbodntiadditiars tp thislachvedanguedients of thedhicugdpahdin aayditives

stereochemﬁquef%@e% mixture of any stereochemical forms in any ratio, or a physiologically
tolerable salt or chemical equivalent thereof, as described above, and to carrier substances, the
pharmaceutical preparations can contain one or more additives such as, for example, 15fillers,

disintegranty e RdeI IR RAI LW SHIAMAUSRIS A IR IS STSIHar RIRSEREvasHueeteners,

colorants, flavorings, aromatizers, thickeners, diluents, buffer substances, solvents, solubilizers,
agents for 2ATAYHELIRARIEE cRalzddahictr drbirsuiattanstigi-esiies cantrlynglions.
antioxitiantssyrbey, eanddemepniaiehwnos braiercesipainndsDAhe iaswatia () Howanesterposigmical
form, or a ”E’ét%“?-r‘?f 88{‘}’ g{ae 0 O@%Tical I1:i9ir’_r]n infgn Eﬁltio or atghésioloaicall tol%rfaple salt or
chemical equwa?en? hereot. I tase & Sﬁqaf)rmaceu%ca prep%ﬁgﬁgﬁ OrtaiRsHVE BFRore 86mpounds of
the formula ¢¥athelséidetienafsiye irtivideatzoin poswbiswanasinsiat m $pebific @fengctibarmacological

profile of th Iy lan. XYY j ' rter
duration of %ggagﬁ??ﬁﬁgﬂ%ﬁgﬁé%ﬁé |ong-§§?ﬁ2ﬁ£§§1%%pﬁgggﬁ?v€§rg gg}%\rﬁgﬁ"%ﬁﬁexibility

permitted wiiPieaibe PtEHRE B iR S st iidah thes ebiipuptEns RS iomuRITBraeyss a great
deal obgontfet exefrihie hﬂl@gf@ﬁh&ﬁ@@,@g@j@@h@@@bpﬁg@_erties of the compounds and thus allows

the selection of such desired compounds. Furthermore, in addition to at least

The medicaments according to the invention are prepared in a manner known per se
and familiar to one skilled in the art, pharmaceutically acceptabie inert inorganic and/or
organic carrier substances and/or additives being used in addition to the compound(s)

25 of the formula (I} in any stereochemical form, or a mixture of any stereochemical forms
in any ratio, or a physiologically tolerable salt or chemical equivalent thereof, as
described above. For the production of pills, tablets, coated tablets and hard gelatine
capsules it is possible fo use, for example, lactose, comn starch or derivatives thereof,
talc, stearic acid or its saits, etc. Carrier substances for soft gelatine capsules and

30 suppositories are, for example, fats, waxes, semisolid and fiquid polyols, natural or
hardened oils, etc. Suitable carrier substances for the production of solutions, for

example injection solutions, or of emulsions or syrups are, for example, water, saline,



one compound of the formula (1), the pharmaceutical preparations can also contain 30one or more
other therapeutically or prophylactically active ingredients. WO 2009/121483PCT/EP2009/001982 23
as is customary and is known to the physician, is to be suited to the individual conditions in each

individual casgydf fepends, for example, on the specific compound emplomjﬂ}[}&%mggre and

severity of the disease to be treated, on the mode and the schedule of administration, or on whether
an acute or chronic condition is treated 5 or whether gsophylaxis is carried out. An appropriate dosage
can be established using clinical approaches well known in the medical art. In general, the daily dose
for achieving the desired results in an adult weighing about 75 kg is from about 0.01 to about 100

mg/kg, prefejabbidicomiahost (?élﬁ@[@,@ﬂ&@&éfﬁﬁ@@t 1 partigusdongbautd cidoabogtdhma/ka, (in

each case in mg per kg of body weight). The daily dose can 10be divided, in particular in the case of
P X

the adminisaffETH SHRHARRES 1B GUERMERRHE TR PHdsEivpie £X68Ple, saPchdRfimtations.
As usual, deperslioged Hdivisttal dabavieupianay kenegesspay doctevidienanyesdsant gewwpwards

from the dai se,ind .15 Example 1: Preparation, of a crygculture of Actinomadura namibiensis
(DSM 6313) 1€gor%P8&I\C§§eq€%gHiﬁ%g(}fooggst%lormgﬁ"aéygpatsﬁeeiotrrrg@?fé 8%%’@%3,"10 g glycerine, 2.5 g
cornsteép ppindiejgabpacneptabidsalts 3gdBaCias ipradrugs. \WikegrpbLint Dbifemtterilization) were

seeded with S ABamAIR PRSI (ARSI 1 2 SRl Erenmever fask

and incubated for 72 hours at 27C and 120°rpm on a shaker. Subsequently, 1 ml of the culture and 1

ml sterile coHSEPPERSAMALIRBMEID gnylyeleine a physistenisriiydoirrableralbaisdemisrl) were mixed
and stored aiq@0SeAtgrmativels ssahnigcasobaivalkaraaraHEHIE QHrRaf) Warstrapsiares into

Cryotubes(rg (Van ar% ternatio a{ll% it%l.S | 50% sterile glycerine 25solution and stored at -196C
in liquid nitr %@5"@&3 aénﬁ ﬁFg% ﬁ?ﬁ BRI 'nkﬁ%ﬁéﬁﬁﬁg%@é’rile 500 ml Erlenmeyer flask
contairiihg 100 ml of the culture medium described in 30 Example 1 was seeded with a culture of

Actinomadu ggm iensi 6 ' n n.agar plate and was jncubated at 27C
and 120 rpnﬁ)n a s’ﬁggﬁéf%?ﬁ% ﬁéﬁ%ﬁ%ﬁhﬁ?ﬁ?ﬁﬁﬁgy@&%g}sﬁg‘sycoﬁtrgﬁ%?rﬁ\g ?ﬂgazg?n”g’c%ﬁﬁjre
medium in tAEXRUesaihse b Feaecientost &ispwita Y iatst. wis plevsidiegisahcirienabinciaitted under

identical congifions:falqLafk o ieiiaRAtEelBRIUBL EERMEYaFHlask SenAINng 00 ml of the

culture medium described in Example 1 was seeded with a culture of Actinomadura namibiensis (DSM

6313) and P RIRcEL sBIPISHG %ﬁﬁ%‘f-@?t‘?‘@ one or more additives such as, for example,

15 fillers, disintegrants, binders, lubricants, wetling agents, stabilizers, emulsifiers,

preservatives, sweeteners, colorants, flavorings, aromatizers, thickeners, diluents,
buffer substances, solvents, solubilizers, agents for achieving a depot effect, salts for

altering the osmotic pressure, coating agents or antioxidants. They can also contain
two or more compounds of the formula (1) in any stereochemical form, or a mixture of

20  any stereochemical forms in any ratio, or a physiologically tolerable salt or chemical
equivalent thereof. In case a pharmaceutical preparation contains two or more
compounds of the formula ([}, the selection of the individual compounds can aim at a
specific overall pharmacoelogical profile of the pharmaceutical preparation. For
example, a highly potent compound with a shorter duration of action may be combined

25 with a long-acting compound of lower potency. The flexibility permitted with respect to
the choice of substituents in the compounds of the formula (1) allows a great deal of
control over the biological and physico-chemical properties of the compounds and thus
allows the selection of such desired compounds. Furthermore, in addition to at least
one compound of the formul_a (1), the pharmaceutical preparations can also contain

30 one or more other therapeuticaily or prophylactically active ingredients.

When using the compounds of the formula (1) the dose can vary within wide limits and,



Shours, further Erlenmeyer flasks containing the same culture medium in the same amount were
seeded with 5 ml of this pre-culture each and incubated under identical conditions for 168 hours.
Example 3: Solid phase extraction of Labyrinthopeptins 10 After completion of a 40 L-fermentation of

Actinomadura‘g r%t%?gﬂgs(DSM 6313) the culture broth has been filtered, The culture filtrate (ca. 30
o

L) has been loade Ao & column (dimension: 160 x 200 mm) filled ca. 3 £ oV EEP 28 aterial.
Compounds were eluted at a flow rate of 250 ml/min ysing a gradient from 5% to 95% of 15
isopropanol in water. Fractions have been collected éVery 4 min over a period of 45 min. Fractions
containing the Labyrinthopeptins have been pooled and freeze-dried (Fraction 8: MW = 2190 Da;

Fraction 9: M\, = : [ -12. . MW, = 4 - Pre-purification
of Labyrinthl\c%\éf)t?ﬁjss usl gggé?%g%%@o@rﬁ}a%égﬁﬁﬁm rdclt?c;[é %%?L%‘?g%) rﬁé)q?r@rﬁj ?(Iample 3 has

been dissolveah#iisoe inleFehtafvidm rsugel erpeadehisnsreneleond® I Ga sqPpeshiinn
(dimension: g, 260 MR 3D eRRIMENSPh BREL DR G RIE HOHB midiEgRion: 21.2

mm x 60 mm). 25 Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a

period of 40 P SReHR AEBIMSRHIMA BSUNERIEET 20AGWRALFRRRRSSP8 6, tHRAtRded using
a 30% agjuepns/atines pieSolEias s mekansuyeie sopeniedte\RIVamINtHA U astians Rdd 2 iagntained

the desired Labyrinthopeptin (MW.= 2074 Da). After freeze-drying, 322 rude product was
obraine. SCENE SRR RAes AR B e AR i Rar R da SRt
2009/121483P@aVIER 200 9EXEaBE 29 riactivas B vasidnamy Blxeh @iz kg (80T jabawé bedrialissolved in

50 ml methagol anghlo Qg%t%@r%awsngasmw@ Q%o‘&@§d§ﬁ%%n§?_iﬁ°&‘ém&ﬁgm% 05RO Mm X

100 mm) with a Waters XTerra(r) Prep MS C18 10p pre-column (dimension: 19 x 10 mm). Compounds
were eluted Svitrcaadeidid Atnefiosdin wariurassdbmeire kg aidrasdervaisPerdbe ealtodanesea flow

rellte of 17%) ml.rs%lwb@f{l?m Qﬂa%qmrqiﬂwaa@efat% aﬁrﬂr@stmaﬁt@ﬂr@bﬁfﬂ@er@umérﬁsamsacid)- The

eluents have been collected in 10 mi-fractiops using UV-triggering, Labyrinthopeptin-containing

fractions (F. TS TR DL HHBRI AR e dAR G LIS o S F RN A Rave been

obtained. 10rshadyaebehBuppuiifimatide okekcabyanytthodepiateAD wsing RPG&& cheotdsdtograply Fraction

8 (- 850 mg) fram.exam (g s been dissolved in 500 ml methanol and loaded onto a Phenomenex
cg:éﬁg ?%S% !@%ﬁ% d:f‘

Luna(r) 10p mension: 50 mm x 250 mm) with a Phenomenex Luna(r) 10p C18 (2)
pre-column (dimension: 21.2 mm x 60 mm).

15 Example 1: Preparation of a cryoculture of Actfinomadura namibiensis (DSM 6313)

100 ml culture medium (10 g starch, 2 g yeast extract, 10 g glucose, 10 g giycerine,
2.5 g cornsteep powder, 2 g peptone, 1 g NaCl, 3g CaCO; in 1itap water, pH 7.2
before sterilization) were seeded with the strain Actinomadura namibiensis (DSM

20 6313) in a sterile 500 mi Erlenmeyer flask and incubated for 72 hours at 27°C and 120
rpm on a shaker, Subsequently, 1 mi of the culture and 1 mi sterile conservation
solution (20 g glycerine, 10 g saccharose, 70 ml de-ionised water) were mixed and
stored at —80°C. Alternatively, small pieces of a well-grown culture on agar were
transferred into Cryotubes® (Vangard international) with 1.5 ml 50% sterile glycerine

25  solution and stored at -196°C in liquid nitrogen.

Example 2: Preparation of Labyrinthopeptins

A sterile 500 mi Erlenmeyer flask containing 100 ml of the culture medium described in
30 Example 1 was seeded with a culture of Actinomadura namibiensis (DSM 6313) which
was grown on an agar plate and was incubated at 27°C and 120 rpm on a shaker.

After 72 hours, further Erlenmeyer flasks containing the same culture medium in the



15 Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a period of 40
min (buffer: 0.1 % ammonium acetate, pH 7.0) at a flow rate of 190 ml/min. Fractions were collected
every minute. Fraction 19 contained the desired Labyrinthopeptin (MW = 2190 Da). After
freeze-drying, 48 mg crude product was obtained. 2@ Example 7: Final purification of Labyrinthopeptin
A3 Fraction 19 from example 6 (48 mg) has been dissolved in 50 ml methanol and loaded onto a
Phenomenex Luna(r) 5p C18 (2) Axia column (dimension: 30 mm x 100 mm) 25 with a Waters
XTerra(r) Psep&/8roust Vo settdmitidméendivis nSouwiwd eanmind braporiadsndse eluted with a

gradient frogyB0e40-3R4RiBREIRRITEE R WEIRRVeNAETIOBES A) FHBAb & dp sk AR ZRiRY/min

(buffer: 0.1 % ammonium acetate,E{i)H 9.0, adjusted using a 30% aqueous ammonia solution). The

eluents haviPBERPESIR CHIYTR TR IEERR e iSGEIG. 1L 4B Seersre M- . GHFRH fractions
(F9-12) haverhesmnaflpooiesibAftersiiesa-eByBigarklinegnitbaky dattopaptirsddhhaveibedp obtained.
WO 2009/38148 3PP 20001001902, 20 Example B Charadierisation of Labiiathapeptins Al and A3
by high perférmance liquid chron\‘ﬁatography With did e-array and mass spectrometry detection
(HPLC-DARMS)'S Weatsyseedegepting All ahthaPpreeryl unalgaed anddrwidisiedAmglatydgPlicd System

with Samplg Mapaget,Biaanksplvent Manager and PDA (Photodiode Array Detector). As UPLC
column a Waters Acquity UPLC BEH C18 (1.7p; 2.1x100 mm) was used and eluted at a flow rate of
0.6 ml/min with a gradient of water:acetonitrile (9:1) within 15 min to 100 % acetonitrile, all solvents

buffered withke-hprVEagund piviscsstiaieitn pHLEB yfthdYesmiastra were recorded by the PDA detector
at wavelengths between 200 and 600 nm. Mass spectra were recorded with a Bruker pTOF LC MS
using ]a orthogonal electrospray ionisation, a sampling-rate of 0.5 Hz and a detection-limit of
150-1500 atdier conagstignitst 4 3BXafapiediadbaciclefisatioi afdadpyyincmnspe(hivie ABLabirinthopeptin

Al eluted at 55w (PRA)b15% 4 SREPHUR, in feaikad s s 96218 AMISIARHZZO nm. 20

Doubly-charged molecular ions were observed at m/z (1): 1035.87 (4539), 1036.37 (5566), 1036.87
(4086), 103PRMpitiseneiny. 86 X0 Y fibebosy 3180 frithe2ABJaaiRsAlddRTPPHBSRive mode

doubly-chaigad eicleswes iV eitevr 150 HRiS8dR920hrd 8B 3R M@ 23R k0138 88 (2492), 1039.38

(1396).anq 100 80 (623) wierq observed 52 Chradierioalion of Labyrnthonepti A by ior

min. Fractions containing the Labyrinthopeptins have been pooled and freeze-dried
(Fraction 8 MW = 2190 Dg; Fraction 9: MW = 2180 and 2074 Da; Fraction 10-12: MW
= 2074 Da).

20  Example 4: Pre-purification of Labyrinthopeptin A1 using RP-18 Chromatography

Fraction 10-12 (670 mg) from Example 3 has been dissolved in 500 ml methanol and
loaded onto a Phenomenex Luna® 10 C18 (2) column (dimension: 50 mm x 250 mm)
with a Phenomenex Luna® 10u C18 (2) pre-column (dimension: 21.2 mm x 60 mm).
25  Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a
period of 40 min at a flow rate of 190 ml/min (buffer: 0.1 % ammonium acetate, pH 9.0,
adjusted using a 30% aqueous ammonia solution). Fractions were collected every
minute. Fractions 21-22 contained the desired Labyrinthopeptin (MW = 2074 f_Da). After
freeze-drying, 322 mg crude product was obtained.
30
Example 5. Final purification of Labyrinthopeptin A1



spectrometry: A solution of Labyrinthopeptin Al in methanol (c = 0.2 mg/ml) was admitted through a
syringe pump at a flow rate of 2 pl/min to a Bruker Apex Ill FTICR MS (7T magnet) equipped with an
electrospray source. Spectra were recorded in the 30positive mode using an external calibration. m/z
observed in DH$Z2899/Mi#3Na+ ion) 1059.8693 WO 2009/121483PCT/ER2O0FBOYIB2827 Exact,
mono-isotopic mass of neutral [WI] 2073.7592 Theoretical mass [MI for C92Ft119N2302554
2073.7630 Molecular formula C921-1119N2302534 Zxample 10: Characterisation of Labyrinthopeptin
A3  Labyrinthopeptin A3 eluted at 4.79 min (PDA). The UV spectrum is featured by Xma. of 5 218
nm (sh) and 274_nm£h). Doubl)é-char ed molecular ions were observed at m/z (1): 1093.38 (1262),
1093.88 (159RLIAHS2 3281 50T FXeg P st 68s e davo begn dissplvethd éyafivesisbel #r%bositive
mode, doublyzgeargew meipeHRnivRx QLN @) T8 AN ILARDEEEABanErM Q941 (294)
were observr%%) with a Waters XTerra® Prep MS C18 10y pre-column (dimension: 19 x 10 mm).

Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a

5 = period of 40 min at a flow rate of 70 ml/min (buffer: 0.1 % ammonium acetate, pH 4.6,
adjusted using aqueous acetic acid). The eluents have been collected in 10 mi-
fractions using UV-triggering. Labyrinthopeptin-containing fractions (f. 9-12) have been

pooled. After freeze-drying, 17 mg of Labyrinthopeptin A1 have been obtained.
10 Example 6. Pre-purification of Labyrinthopeptin A3 using RP-18 chromatography

Fraction 8 {(~ 850 mg) from example 3 has been dissolved in 500 ml methano! and
loaded onto a Phenomenex Luna® 10p C18 (2) column (dimension: 50 mm x 250 mm)
with a Phenomenex Luna® 10 C18 (2) pre-column (dimension: 21.2 mm x 60 mm).
15 Compounds were eluted with a gradient from 5% to 75% acetonitrile in water over a
period of 40 min (buffer: 0.1 % ammonium acetate, pH 7.0) at a flow rate of 180
mi/min. Fractions were collected every minute. Fraction 19 contained the desired
Labyrinthopeptin (MW = 2190 Da). After freeze-drying, 48 mg crude product was
obtained.
20
Example 7: Final purification of Labyrinthopeptin A3

Fraction 19 from example 6 (48 mg) has been dissolved in 50 ml methanol and loaded
onto a Phenomenex Luna® 5p C18 (2) Axia column (dimension: 30 mm x 100 mm)

25  with a Waters XTerra® Prep MS C18 10y pre-column (dimension: 18 mm x 10 mm).
Compounds were eluted with a gradient from 5% to 76% acetonitrile in water over a
period of 40 min at a flow rate of 70 mi/min (buffer: 0.1 % ammonium acetate, pH 9.0,
adjusted using a 30% aqueocus ammonia solution). The eluents have been collected in
fractions using UV-friggering. Labyrinthopeptin-containing fractions (F9-12) have been

30 pooled. After freeze-drying, 12 mg of Labyrinthopeptin A3 have been obtained.



Characterisation of Labyrinthopeptin A3 by high resolution ESI-FTICR-mass spectrometry (method as
described in Example 9): m/z observed in Da (z=2, M-F2Na+ ion) 1117.3847 Exact, mono-isotopic
mass of neutral [MI 2188.7900 Theoretical mass [M] for C96H124N24028S4 2188.7900 Molecular
formula CO6HY24P43¥884 15Example 11: Amino acid analysis of LabyRATHERBEMNBEHydrolysis:
Labyrinthopeptin Al (0.05 mg) was hydrolyzed in nitrogen atmosphere with 6 N HCI, 5% phenole at
110C for 24 h. The hydrolysate was dried in a streantf nitrogen. 20 Achiral GC-MS: The hydrolysate
was heated with bis-(trimethylsilyOtrifluoroacetamide (BSTFA)/acetonitrile (1:1) at 150 C for 4 h. For

GC-MS expgeriments a DBR5-fusedsilica-capill | =15 m.x 0.25 pm fused silica coated with
dimethyl-(5p Jawéez@ogﬁgfﬁ%%ﬁia?%b%?&o%éﬁw%aﬁ&K/Ffﬂgrﬁ?p@mweﬁa‘ﬁa?aﬂeeo.1o pm:
temperaturdiguatcansmeatonraBhl 36 I8OE pvars arsdhiass spectrometry detection (HPLC-DAD-

MS)

5  Labyrinthopeptins A1 and A3 were analyzed on a Waters Acquity UPLC System with
Sample Manager, Binary Solvent Manager and PDA (Photodiode Array Detector). As
UPLC column a Waters Acquity UPLC BEH C18 (1.7p; 2.1x100 mm) was used and
eluted at a flow rate of 0.8 ml/min with a gradient of water:acetonitrile (9:1) within 15
min to 100 % acetonitrile, all solvents buffered with 6.5mM ammonium acetate to pH

10 4.6. UV spectra were recorded by the PDA detector at wavelengths between 200 and
600 nm. Mass spectra were recorded with a Bruker uTOF LC MS using an orthogonal
electrospray ionisation, a sampling-rate of 0.5 Hz and a detection-limit of 150-1500

atomic mass units.
15 Example 9: Characterisation of Labyrinthopeptins A1

Labyrinthopeptin A1 eluted at 5.46 min (PDA). The UV spectrum is featured by Amax of
218 nm (sh) and 279 nm.

20  Doubly-charged molecular ions were observed at m/z (I): 1035.87 (4539), 1036.37
(53566), 1036.87 (4086), 1037.37 (2296), 1037.87 (1034) and 1038.37 (280) in the
negative mode. In positive mode doubly-charged molecular ions of m/z (I}: 1037.88
(2925), 1038.38 (3252), 1038.88 (2492), 1039.38 (1396), and 1039.88 (623) were
observed.

25 :
Characterisation of Labyrinthopeptin A1 by high resolution ESI-FTICR-mass
spectrometry: A solution of Labyrinthopeptin A1 in methanol (¢ = 0.2 mg/mi) was
admitted through a syringe pump at a flow rate of 2 pl/min to a Bruker Apex lil FTICR
MS (7T magnet) equipped with an electrospray source. Spectra were recorded in the

30  positive mode using an external calibration.

m/z observed in Da (z=2, M+2Na" ion) 1059.8693




Chiral GC-MS: The hydrolysate was esterified with 200 pl 2 N HCI in ethanol at 110 C 5 for 30 min and
dried. Subsequently, the mixture was acylated with 25 pl trifluoroacetic acid anhydride (TFAA) in 100
pi dichloromethane at 110C 10 min for and dried. For GC-MS a fused-silica-capillary was used (I =

in x 0.25 pm fiE@&eNitd€dated with chirasil-S-Val (Machery-Nagel), clf = BcI3:prmsernyserature
programme: T = 55W/3,2/180C). 10 configuration Amino acids 1 Ala, 1 Thr, 1 Asx, 2 Cys, 1 Phe, 1
Glx, 2 Trp, 1 Gly, 2 Val, 1 Pro = 13 AS all S-amino aéids, except for 2 Cys in the R configuration
Example 12: Identification of the structural genes for Labyrinthopeptins Al and A3 A cosmid bank of
the microorganism Actinomadura namibiensis (DSM 6313) was 15 generated by Agowa GmbH, Berlin,
based on the MBHWMM@MM&&)M{&BIQM}:MOIO@ a0 Narigan, USA). Filters were prepared
by RZPD GrmbH -Bedin,applying-a-methodology described. in. Zehetner & Schafer, Methods Mol. Biol.
2001, 175, 16Y9=setica) Rassd\ionEibvehstidetire of LabROhthepeptin A2, elonggted degenerated
primers were¢-geduecedfrom-the-N-terminat-and-C-terminal-efhid-(Fw:
5'-CAGGAARNRSHRNPERIEC GAY TGGWSNY TNTGGG-3* E‘@E‘(b Hﬂd&@lﬁﬁ) Rev:
5-TGTAAAACGACGGCCAGTRCANGANGCRAANARRC-3"{SEQDNO:5); Dabard et al., Appl.
Environ. Microbiol, 2001, 4111-4118.). The 5"-elongation of the primers 25 was to enhance the
expected P@I’Qaﬁiﬁl%%@s%fépﬁéﬁéﬁ%@dtﬁﬁvﬁﬁgﬁa%ﬁﬂd\@cR-conditions: 3min95C; 30 x (60 s
95C;30s50C;60s72C)7min 72 C; Tag-polymerase). The PCR-product was gel-purified and
cloned into the vector pDrive, WO 2009/1214831'CT/EP2009/001982 29 (Qiagen). Sequencing
resulted in a-28YIANERREEN G Led GLACEIBIR tREMidHe M\isPaaryars featured by Amax of
(AGTGETGIFEENSRGRIAZ SRRHR)NO: 6). Based on this 18

Doubly-charged molecular ions were observed at m/z (I): 1093.38 (1262), 1093.88

(1587), 1094.39 (1201), 1094.89 (686) and 1095.38 (195) in the negative mode. In

positive mode, doubly-charged molecular ions of m/z (I): 1095.40 (365), 1095.91 (433)
10 and 1096.41 (294) were observed.

Characterisation of Labyrinthopeptin A3 by high resolution ESI-FTICR-mass

spectrometry {(method as described in Example 9):

m/z observed in Da (z=2, M+2Na" ion) 1117.3847
Exact, mono-isotopic mass of neutral [M] 2188.7900
Theoretical mass [M] for Cest124N24028S, 2188.7900
Molecular formula CosH124N2402584

15 Example 11: Amino acid analysis of Labyrinthopeptin A1

Hydrolysis: Labyrinthopeptin A1 (0.05 mg) was hydrolyzed in nitrogen atmosphere with
6 N HCI, 5% phenole at 110°C for 24 h. The hydrolysate was dried in a stream of
nitrogen.

20
Achiral GC-MS: The hydrolysate was heated with bis-(trimethylsilyl)trifluoroacetamide
(BSTFA)/acetonitrile (1:1) at 150 °C for 4 h. For GC-MS experiments a DB5-fused-
silica-capillary (I = 15 m x 0.25 pm fused silica coated with dimethyl-(5%-



nucleotide long known sequence, a two-step PCR rendered to more sequence information. In the first
step, a single-specific primer-PCR was performed with a 5 degenerated reversed(rev)-primer of the
C-terminal end of A2 (5-RCARCANGCRAANARRCTTCC-3', SEQ ID NO: 7)and an unspecific
forward(fw)- pWRep(BHTRCGCGGTACCTAGACTAGTGACCAAGTGCGCCOGETEAsipiD NO: 8)
(PCR-conditions: 3 min 95C; 10 x (45s 95C; 45 s 38C; 3.5 min 72C); 30x (45 s 95C; 45 s 52C; 3.5 min
72C) 5 mm 72C; Tag-polymerase). After an exonuclease-| 10digest in order to digest the primers (5 ul
PCR-sample + 0.5 pi exonuclease-I (20U/pl); 15 min 37C; 15 min 80C heat inactivation), the
PCR-sample was used as template for a second PCR (PCR-conditions: 3 min 95C; 30 x (45 s 95C; 45
s 56C; 3,5 nmirenID)eshvinrPAGHPappalymErdla)nT empeetd ®ORaMBerformed in a nestedPCR
manner wﬁt‘sgopgm@ggm@):%g%@g of the unspecific fw-primer from the first 15PCR and a specific
rev-primer, including the known 18 nucleotides (5-CTTCCCGTGCTACAGCACTCCC-3', SEQ ID NO:
9). The 0.4 kbp product was gel-purified and cloned into pDrive. Sequencing showed the expected

amino acid smmme nfshere-terarinalteduab Adtdpabeivhis 04 kbp ﬁaqgemcemrwgata’pﬂileg probe
TCGCCACGGGCTC-3!,

was cornstr PCR (Fw: GGAC

5'-CTTg Ué R@R&@A‘iﬁg SURYy IRENBIHLS YRRV gaé’i’%i‘i %%Bé%%%%%% screen
the filters b)ahybanlfrwailrm anbAdexgction viadmhi}emgmnmeyaﬂab@l‘e’.d VathialkatiaadtvispHasase. In this
manner, on [ e 2 uence were lyzed by local
blast and frssme;gp glfﬁ%%a@n% ;/gsglgc 5 %pée%le followi gr?ggﬁ r?ia?i CE rgtfﬁgci)%%%aP ﬁ?ce: ‘X'Zt the
structural g@hégafitanyaniHepepaniezel), dr = 0.13 pm; temperature programme: T =
TGACGCCEHEAGAGEHET CCACCGATGAGAGGTGACAGTCCCATGGCGTCGATC 30
CTGGAACTCCAGAACCTGGACGTCGAGCACGCCCGCGGCGAGAACCGCTCCGA
CTGGHGCCTGTGGGAGTGCTGTAGCACGGGAAGCCTGTTCGCCTGCTGCTGA (SEQ ID NO: 12)
WO 20091 21483PCT/EP2009 001982 30 Within this orf, the tollowmg SeedtRERARMESNLS the
structural ges . 1 ed h.(_gzgpepbde;;ncodlng
sequence f¢ S | S-amino
ATGGCGTCGATCCTGGAACT MEWQMGGT%MCGCCC Edfis GEx ot
GAACCGCITCCGACTGGAGCC TGIGGGAGTGCTGTAGCACGGGAAGCPFIQETCG
CTGCTGCTGA(SEQ ID NO: 13) 10 Translation of the DNA sequence as|s owr ¥R SEC Ib NO: 13

gave the fo‘lowing amino acid seéquence of prepro-Labyrinthopeptin A2 (SE@oDfigdatian) and of
proLabyrint ' 15

Example 12: Identification of the structural genes for Labyrinthopeptins A1 and A3

A cosmid bank of the microorganism Actinomadura namibiensis (DSM 6313) was

15  generated by Agowa GmbH, Berlin, based on the pWEB-cosmid vector (Epicentre
Biotechnologies, Madison, USA). Filters were prepared by RZPD GmbH, Berlin, |
applying a methodology described in: Zehetner & Schifer, Methods Mol. Biol. 2001,
175, 169-188.

20  Based on the known structure of Labyrinthopeptin A2, elongated degenerated primers
were deduced from the N-terminal and C-terminal end (Fw:
5 -CAGGAAACAGCTATGACCGAYTGGWSNYTNTGGG-3" {SEQ ID NO: 4); Rev:
5‘-TGTAAAACGACGGCCAGTRCANGANGCRAANARRC-S‘ (SEQ ID NO: 5); Dabard
et al., Appl. Environ. Microbiol. 2001, 4111-4118.). The 5 -elongation of the primers

25 was to enhance the expected PCR-product size for better detection and handling
(PCR-conditions: 3 min 85 °C; 30 x (60 s 95°C; 30550 °C; 605 72 °C) 7 min 72 °C;

Tag-polymerase). The PCR-product was gel-purified and cloned into the vector pDrive



MASILELQNLDVEHARGENR SDWSLWECCSTGSLFACC(SEQ ID NO: 14) 15
SDWSLWECCSTGSLFACC(SEQ ID NO: 15) The propeptide sequence is transformed into
Labyrinthopeptin A2 by posttranslational = modifications by enzymes of the microorganism
Actinomadura*H8rHEALIE (DSM 206313). Example 13: Structure determiReligRpe/elagsnthopeptins
Al and A3: The upstream region of the A2 gene displays another small orf with high homology to 25
the structural gene of Labyrinthopeptin A2. This oper#feading frame (orf) included the structural gene
of Labyrinthopeptin Al and A3. The orf for Labyrinthopeptin Al has the following gene sequence:

TGAACATCCACCATGGCATCCATCCTTGAGCTCCAGGACCTGGAGGTCGAGCGC 30
GCCAGCTEBEEAE CEBRPANCRA st A dT rrrieptitsdangincesryedomdagddle of

CAGCTGG@%TAZ@BEQAGHIGE*I@@EBM@E@AR,IE@@@ N@?@?O@Qé&f&%@rﬁ’f@EPiﬁO9/O?}98§|
31 Within this orf, the following sequence represents t uctural gene of preproLabyrinthopeptins
and AI\3 I(rlleatlﬁ%r% %é)é’&egngg %R)gv‘v'@ By propeptidés %go%n%&%éwgg%Iﬁ@%&ﬁ?lﬁﬂﬁ%odon TGA): 5
ATGGCATCUpMEGITGABE ISCAGCA TG HAEGRETIE BREPGTERGAGHTEH G a

GO e A A SR AGG TR A EAGT B RIGCARGACGRGCABCTECGTTCE

CTTCACCTGCTGCTGA (SEQ | Translation o sequence as shown in SEQ ID
NO: 17 gavéXhBFlBint 26 AAMARRE S Giferice Tt BripMiQ:abigriataopostaciiq SEQaID(NO: 18)
e e S RO A TR S0 0
SNASVV\?E%Eéﬁg Wﬁ&’&éé%?lﬁ%ﬁ@) S IR G SOqTEhER frkisfh alfteément with
the expecte8%R)jrs aciRWOnipdsitio 7 BT abyrintrRiEpliacip digseree) ostis0f @fnmwggmrxere 20
b o e L el
15 min 37°C; 15 min 80°C heat inactivation), the PCR-sample was used as template
for a second PCR (PCR-conditions: 3 min 95°C; 30 x (45 s 95°C; 45 s 56°C; 3,5 min
72°C} 5 min 72°C; Tag-polymerase). The second PCR was performed in a nested-
PCR manner with a primer pair consisting of the unspecific fw-primer from the first
15 PCR and a specific rev-primer, including the known 18 nucleotides _
(5 -CTTCCCGTGCTACAGCACTCCC-3", SEQ ID NO: 9). The 0.4 kbp product was
gel-purified and cloned into pDrive. Sequencing showed the expected amino acid
sequence of the C-terminal end of A2. Out of this 0.4 kbp sequence, a Dig-labelied
probe was constructed by PCR (Fw: 5-ATGGACCTCGCCACGGGCTC-3°, SEQ ID
20 NO:10; 5°-CTTCCCGTGCTACAGCACTCCC-3', SEQ ID NO: 11). This Dig-labelled
probe was used to screen the filters by hybridization and detection via anti-Dig-
antibody labeled with alkaline phosphatase. In this manner, one positive cosmid was

obtained and sequenced.

25  Sequence data were analyzed by local blast and frameplot. The analysis yielded the
following open reading frame (orf) that included the structural gene of Labyrinthopeptin
AZ:

TGACGCCCGCACACCGTTCCACCGATGAGAGGTGACAGTCCCATGGCGTCGATC

30  CTGGAACTCCAGAACCTGGACGTCGAGCACGCCCGCGGCGAGAACCGCTCCGA
CTGGAGCCTGTGGGAGTGCTGTAGCACGGGAAGCCTGTTCGCCTGCTGCTGA
(SEQ ID NO: 12)



amino acids has been taken from the amino acid analysis (Example 11). Finally, a dehydration of the
threonine (Thr) residue to give dehydrobutyric acid was deduced to match the empirical molecular
formula calculated from high-resolution MS. On the basis of the stereochemistry of the
posttranslatiofedaerodifiedd amino acid of the 25analogous Labyrinthopeptaara@zéosreaksVIII) is
derived for Labyrinthopeptin Al. Previous mass analysis suggested an Asp as the difference between
Labyrinthopeptins Al and A3. This was confirmed by 3fie coded sequence, which included an Asp in
position -1 ahead the protease cleavage side of Labyrinthopeptin 30 Al. Under the assumption that
that Labyrinthopeptins Al and A3 are encoded by the same gene, differing only in the protease
cleavage of the leader sequence, the additional Asp is at the N-terminus of Labyrinthopeptin A3. In this

manner, forgigigd Yis¥e, %@%Wﬁ%ﬁ%@éﬁg@w&&ﬁ§m%ﬂ%w§ﬁg@fb@%}fﬂnthopeptin A3.
0

On the basis of the stereochemistry of the posttranslationally modified amino acid of the analogous
LabyrinthopkPBH RE9BFRINLRARIGE AGEHEDE AMRATDERIRP 2REdR-38FRBIRNSE XRAGRge of the
disulfide-bricigwé b ayystathapaptin Shand subsequent alkylation with methyliodide Labyrinthopeptin Al
(50 mg,.0.024 mmol) was dissolved in methanol (3 ml) and a 10 dithiothreitol solution was added at
room temperature (1 ml, freshly prepared from 75 mg dithiothreitol in a solution of 40 mg NaHCO3 in 1
ml water). TAEGIHEEEWSA Bl é G AAGT BIBRNEAAGE NHFICIEWE S AGHTIACHIWTIC CaoB &M perature
and methyliegide (SO WicB BAETRRMNRTANIRI AIIE PO EAQB IERRENR R mixiHre was
filtered and purified by reversed phase HPLC using a Phenomenex Luna(r) Axia 5 pm C18 (2) 15
column (dirf&:ﬁ%ﬁ. DGFAm x 30 mm) with a Waters XTerra(r) Prep MSEA 818Pnd Be-column

(dimension: 19 mm x 10 mm). The gradient was running from 5% to 95% acetonitrile in water within 30

minutes. (buffer pH 2.0, gdjusted with formic acid). The fi 60 ml/min and the peaks were

fractiorfgted 69%@‘.“9%&%}%@ RS HE A CEIRBRY %\ﬁé\/ﬁlgg)dna%n aﬁﬁr}%gg%igo "% the desired

compound aiteinty aphilzatien@0ol heprodablyvisih chapiotéZzEERY D \WEh der asdopfypand mass

spectrometry (Brulker. ics Mierp TooMK,2009/121483PCT/EP2009/001982 33 RTmin = 5.46
a@ﬁ%ofg&% M £ )QIO @)

min (PDA; LC-m In Example 8
MASILELQNLDVEHARGENR SDWSLWECCSTGSLFACC (SEQ ID NO: 14)
15
SDWSLWECCSTGSLFACC (SEQ ID NO: 15)
The propeptide sequence is transformed into Labyrinthopeptin A2 by posttranslational
modifications by enzymes of the microorganism Actinomadura namibiensis (DSM
20 B6313).

Example 13: Structure determination of Labyrinthopeptins A1 and A3:

The upstream region of the A2 gene displays another small orf with high homoiogy to
25  the structural gene of Labyrinthopeptin A2. This open reading frame (orf) included the
structural gene of Labyrinthopeptin A1 and A3. The orf for Labyrinthopeptin A1 has the

following gene sequence:

TGAACATCCACCATGGCATCCATCCTTGAGCTCCAGGACCTGGAGGTCGAGCGC
30 GCCAGCTCGGCCGCCGACAGCAACGCCAGCGTCTGGGAGTGCTGCAGCACGGG
CAGCTGGGTTCCCTTCACCTGCTGCTGA (SEQ 1D NO: 16)



UV (Amax): 217 nm (sh), 279 nm ESI-MS (neg): [M-2H)2" = 1050.894 5Experimental neutral
monoisotopic mass, [M] = 2103.802 Neutral monoisotopic mass calculated for C94H125N2302554:
2103.810 Molecular formula: C94[1125N23025S4 Chemical molecular weight = 2105.44. 10Example
15: Cleavage Gbthdigutfitle-bridge of Labyrinthopeptin Al and subsequemiCalkylation with
iodo-acetamide Labyrinthopeptin Al (50 mg, 0.024 mmol) was dissolved in methanol (3 ml) and a
dithiothreitol solution was added at room temperaturgi(1 ml, freshly prepared from 70 15 mg
dithiothreitol in a solution of 40 mg NaHCO3 in 1 ml water). The mixture was stirred for 1 h at 60C.
Afterwards it was cooled down to room temperature and iodoacetamide (40 mg, 0.216 mmol) was

added. The WiRiDEiR & stirpdgllsvsnaigprenes fepepssatatie strualwalarmevae®eseed and purified

by reversedrabgaettipeptinsing %@AGQ@%WS@QG@H&M%@B&Wﬁ&%&ﬂ@@ﬁc@fﬁ%ng0”3 100
mm x 30 20 mm) with a]Watﬁ: XTerrgég Prg& S C18 10 pm pre-column (dimension: 19 mm x 10
g g 5% 7

mm). The g?&&fé Qﬁaf F%Wﬁ YR cetonitrile in water within 30 minutes (buffer: 0.1%
ammonium acetate, pH 4.6, adjusted with acetic acid). The flow was 60 ml/min and the peaks were

. ) e T > . . AL
Fractions 10 8 el O e e e e AR e
lyophilizatiod CHieAsrédife AESE N Eried B GRS PeEids EAy A BGRHA S PacHBMENGTBruker

Da[tonics Micred @l disarg &9 nin (PDA; LC-method as in Examp&g@éwl(}@p,):?)?m nm (sh), 280
nm ESI-MS (neg): [M-2F112" = 1093.9022 10Experimental neutral monoisotopic mass, [PI] =

2189.819 Neutral monoisotopic mass calculated for CO6H127N2502784: 2189.822 Molecular formula:
C9614127Nrab2fé8dn of the DNA sequence as shown in SEQ [D NO: 17 gave the following

10 amino acid sequence of prepro-Labyrinthopeptin A1 (SEQ ID NO: 18) and of pro-
Labyrinthopeptin A1 (SEQ ID NO: 19):

MASILELQDLEVERASSAADSNASVWECCSTGSWVPFTCC (SEQ ID NO: 18)
15 SNASVWECCSTGSWVPFTCC (SEQ ID NO: 19)

This amino acid sequence was in agreement with the expected amino acid
composition of Labyrinthopeptin A1 based on results of amino acid- and MS-analysis
of Labyrinthopeptin A1 (vide supra). Posttranslational modifications of side chains were

20 deduced that are analogous to those of Labyrinthopeptin A2. The stereochemistry of
amino acids has been taken from the aminc acid analysis (Example 11). Finally, a
dehydration of the threonine (Thr) residue to give dehydrobutyric acid was deduced to
match the empirical molecular formula calculated from high-resolution MS. On the
basis of the stereochemistry of the posttransiationally modified amino acid of the

25 analogous Labyrinthopeptin A2, formula (Vi) is derived for Labyrinthopeptin A1.

Previous mass analysis suggested an Asp as the difference between
L.abyrinthopeptins A1 and A3. This was confirmed by the coded sequence, which
included an Asp in position -1 ahead the protease cleavage side of Labyrinthopeptin
30 A1. Under the assumption that that Labyrinthopeptins A1 and A3 are encoded by the
same gene, differing only in the protease cleavage of the leader sequence, the
additional Asp is at the N-terminus of Labyrinthopeptin A3, In this manner, formula (V)



Chemical molecular weight = 2191.49. 15 Mono-acetamided Labyrinthopeptin Al: WO
2009/121483PCT/EP2009/001982 35 Fractions 10 and 11 were combined and yielded 5.3 mg
(10.3%) of the desired compound after lyophilization. The product was characterized by UV
spectroscopy wed®iassspectrometry (Bruker Daltonics MicroTof). RTnmiG rERBlomung{P DA,
LC-method as in Example 8) UV (Amax): 217 nm (sh), 280 nm ESI-MS (neg): [M-2F112- = 1065.390
10 Experimental neutral monoisotopic mass, [MI = 2182.794 Neutral monoisotopic mass calculated for
C94F1124N24026S4: 2132.800 Molecular formula: C94H124N24026S4 Chemical molecular weight =
2134.44. 15Example 16: Synthesis of a Boc-protected Labyrinthopeptin Al WO
2009/121488pederyehing/baagsiigweptin A3. On the basis of the stereochemistry of the

posttranslationally modified amino acid of the analogous Labyrinthopeptin A2, formula
(V1) is derived for Labyrinthopeptin A3.

5 Example 14: Cleavage of the disulfide-bridge of Labyrinthopeptin A1 and subsequent
alkytation with methyliodide
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Labyrinthopeptin A1 (50 mg, 0.024 mmol) was dissolved in methano! (3 ml) and a

10 dithiothreitol solution was added at room temperature (1 ml, freshly prepared from 75
mg dithiothreitol in a solution of 40 mg NaHCO; in 1 ml water). The mixture was stirred
for 1 h at 60 °C. Afterwards it was cooled down to room temperature and methyliodide
{50 ui, 0.80 mmol) was added. After 4 h at room temperature the mixture was filtered
and purified by reversed phase HPLC using a Phenomenex Luna® Axia 5 um C18 (2)

15 column (dimension: 100 mm x 30 mm) with a Waters XTerra® Prep MS C18 10 ym
pre-column (dimension: 19 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: pH 2.0, adjusted with formic acid). The
flow was 60 ml/min and the peaks were fractionated by UV. Fractions 12 and 13 were
combined and yielded 23.1 mg (45.5 %) of the desired compound after lyophilization.

20 The product was characterized by UV spectroscopy and mass spectrometry (Bruker
Daltonics MicroTof).



To a solution of Labyrinthopeptin Al (50 mg, 0.024 mmol) in dimethylformamide (3 ml),
di-tert-butyl-dicarbonate (11 mg, 0.048 mmol) and n-ethyldiisopropylamine (6 mg, 0.048 mmol) were
added at room temperature. The mixture was stirred for 2 h at room temperature. Afterwards it was
purified by revBf5&¥HAEE HPLC using a Phenomenex Luna(r) Axia 5 pnPCLERZEPLeMssh (dimension:
100 mm x 30 mm) with a Waters XTerra(r) Prep MS C18 10 pm pre-column (dimension: 19 mm x 10
mm). The gradient was running from 5% to 95% ace#dnitrile in water within 30 minutes (buffer: 0.1%
10 ammonium acetate, pH 7.0). The flow was 60 ml/min and the peaks were fractionated by UV.
Fractions 4-7 were combined and yielded 21.4 mg (40.8%) of the desired compound after
lyophilization. The product was characterized by UV spectroscopy and mass spectrometry (Bruker
Daltonics MRTaE6f)5. 48 RirrgRDA00mme(RE a4 @ meth@desd in Example 8) UV (2¢,™): 219 nm (sh),
278 nm ESI; (neg)ﬂl&/l-Zli%—B:g?%SS.SgS Experimental neutral monoisotopic mass, [MIl = 2173.805
Neutral monois ;’tBB'C Mass Catcuiated f6F Co7H127N23027S4: 2173.815 20 Molecular formula:
C97H127NEBASA@imniisalHifole dOi50 8@ght = 2174.49. WO 2009/121483PCT/EP2009/001982 37

Example 17; jyati f intk f] To Iution of Labyrinthopeptin Al (50 mg,
0.024 EmolEﬁ%ﬁﬁéﬁh%rfﬁ%Hﬁﬁ@8@%&@? cﬁ%%n’b@ Itd%g%gﬁgte (20 mg, 0.046 mmol) and

n-ethyldiisopl&ihmrROSOIRBICOESS Aateolipipstéoafadd aNobm SenidIA&it8. After 1 h at room

temperaturgbRMENRRRRIINCAINVaNCanIpistely disappeared. Benzylamine (6.8 mg, 0.063 mmol) and
n-propyl ph% honic acid anhydride T3P{aﬁ]50 pl, 0.072 mmol, 50 % in DMF) were added. The

mixture was IGA{ P olerUiaWRdEmsetdRifE: Afterwards it was 10 purified by reversed-phase
HPLC using a Phenomenex Luna(r) Axia 5 pm C18 (2) column (dimension: 200 mm x 30 mm) with a

Water Tefggw 8 10 pm pre-column (dimension: .19 mm x.1Q mm), The gradient was
runninz(ff(rom o‘fllaoég %@%%Ylgﬁ%n é’pt HeW Le(l:[r?'\é\/{f:(h|H r%?rl?ﬁ%e\g’fb%? e?%ﬁ%‘c%n)grﬁ%&%ﬂﬁ%cetate, pH
7.0). The flckWailtre0Mily inda-aaetanidseaks were fractionated by UV (220 nm). The following 15 two

compounds were obtained: Mono-benzyl derivative of Labyrinthopeptin Al: WO

2009/121483PCT/EP2009/001982 38
Labyrinthopeptin A1 (50 mg, 0.024 mmol) was dissolved in methanol (3 ml) and a

dithiothreitol solution was added at room temperature (1 mi, freshly prepared from 70
15 mg dithiothreitol in a solution of 40 mg NaHCOj; in 1 mi water). The mixture was stirred
for 1 h at 60°C. Afterwards it was cooled down to room temperature and iodo-
acetamide (40 mg, 0.216 mmof) was added. The mixture was stirred over night at
room temperature. The solution was filtered and purified by reversed-phase HPLC
using a Phenomenex Luna® Axia 5 pm C18 (2) column (dimension: 100 mm x 30
20 mm) with a Waters XTerra® Prep MS C18 10 um pre-column (dimension: 19 mm x 10
mm). The gradient was running from 5% to 95% acetonitrile in water within 30 minutes
(buffer. 0.1% ammonium acetate, pH 4.6, adjusted with acetic acid). The flow was 60
mi/min and the peaks were fractionated by UV. The following compounds were
obtained:
25
Bis-acetamided Labyrinthopeptin A1:



Fractions 7 and 8 were combined and yielded 10.4 mg (19.1 %) of the desired compound after
lyophilization. The product was characterized by UV spectroscopy and mass spectrometry (Breaker
Daltonics MicroTof). 5 RTmin = 7.03 min (FDA; LC-method as in Example 8) UV (kmax): 217 nm (sh),
275 nm ESI-MB(peegh2ivgR1-112" = 1130.427 Experimental neutral monaisatepionnasssiM] =
2262.868  Neutral monoisotopic mass calculated for C104I-1134N24026S4: 2262.878 10Molecular
formula: C1041-1134N24026S4 Chemical molecular $veight = 2264.63. Bis-benzyl derivative of
Labyrinthopeptin Al: Fractions 13 and 14 were combined and yielded 9.9 mg (17.5 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and mass

spectrometry (Bruker Daltonics MicroTof). WO 2009421483PCT/EP20 01982 39 UV (kmax): 214
nm (sh), 276 nm ESI-MS (pos): [M+2(NH4)]2+ = 4902 Experi al neutratrgnoisotopic mass,
[MI = 2351.937 Neutral monoisotopic mass fagk4t N25025 351.94T-BMplecular

formula: ClllH141N2502584 Chemlcal molg ular weighy = 2353 77. EX |©L30Acylation reactions
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Fractions 7 and 8 were combined and yielded 13.3 mg (25.2 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

5 mass spectrometry (Bruker Daltonics MicroTof).

RTmia = 5.08 min (PDA; LC-method as in Example 8)
UV {Amax): 218 nm (sh), 280 nm
ESI-MS (neg): [M-2H]* = 1093.9022
10 Experimental neutral monoisotopic mass, [M] = 2189.819
Neutral monoisotopic mass calculated for CogHy27N25021S8,4: 2189.822
Molecular formula: CgesH127N2502784
Chemical molecular weight = 2191.49.

15 Mono-acetamided Labyrinthopeptin A1:



10 To a solution of 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT, 5 mg, 0.028 mmol) in
dimethylformamide (2 ml), n-methylmorpholine (8.6 mg, 0.085 mmol) was added at room temperature.
After 1 h at room temperature n-hexane carboxylic acid (3.3 mg, 0.028 mmol) was added. After stirring
the mixture fowadCemimutessLabyrinthopeptin Al 15 (50 mg, 0.024 mmol) was asdeddolimaed by stirring
for 2 h at room temperature. The mixture was purified by reversed-phase HPLC using a Waters
XBridge Shield(r) 5 pm C18 column (dimension: 1003mm x 30 mm) with a Waters XBridge Shield(r)
C18 10 pm pre-column (dimension: 19 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: 0.1% ammonium acetate, pH 7.0). The 20 flow was 60

ml/min and the peaks were fractionated by UV (220 np§fraction 39 yie 2.0 mg (3.8%) of the
desired compound after lyophilization. The product was{WO 2009/121483PC 2009/001982 40
characterized by UV spectroscopy and mass sp @ er Daltopicg MicroTofcdTmjn = 5.41

min (PDA; LC-method as in example 8) 5 UV
1084.906 Experimental neutral monoisotopi
calculated for CO8H129N23026S4: Zlﬁ
molecular weight = 2173.52. Example,49: a

The compounds wege dissolved in water viith 10 %6
the bioassay sterile jNunc plates with a size of 24 x 24 cm were used. For one plate 200
were used. The agar Wit cooled after autoclavigg to 55C and 2-4 ml of culture suspensiof of the test
organism were aéded beﬁ@fe—pmmte 64 filter ptateswyith 6 mm in diameter
To each filter 20 pi of¢he te§t solution were added and inc ed or Ito 3 days at mc or 37 C.
‘The inhibition zone iA mm Was reported. Fgr a detailed de
Amer. J. din. Pathol. 1966 45 493 496/@r & Melchlng R IW(‘-:- hodeﬂ |m@e)ﬂ1krob;_?[o e,

Franckhsche Verli?p‘_(;l/@g ut{gaft (1964; lﬁ@r &Hinto Proc Soc.: ExE)ni‘/@ol ed. 1941,
48, 330-333. N'—'n/\N—-—n/\N—n/\HO N —n/\N N

O O 0

Fractions 10 and 11 were combined and yielded 5.3 mg (10.3 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

5 mass spectrometry (Bruker Daltonics MicroTof).

RTmia = 5.31 min (PDA; LC-method as in Example 8)
UV (Amax): 217 nm (sh), 280 nm
ESI-MS (neg): [M-2H* = 1065.390
10 Experimental neutral monoisotopic mass, [M] = 2132.794
Neutral monoisotopic mass calculated for CoaH124N24026S4: 2132.800
Molecular formula: CaaH124N2402554

Chemical molecular weight = 2134.44.

15 Example 16: Synthesis of a Boc-protected Labyrinthopeptin A1



Tested compound Streptomyces murinus (DSM 40091) 28C Bacillus subtilis (ATCC 6633) 37C
Labyrinthopeptin Al, Ex. 7 13 16,5 Labyrinthopeptin Al derivative, Ex. 16 0 9 Labyrinthopeptin Al
derivative, Ex. 18 7 8 Labyrinthopeptin Al Bis-benzyl derivative, Ex. 17 7

WO 2009/121483 PCT/EP2069/001982

36

)
snsians ()
)

To a solution of Labyrinthopeptin A1 (50 mg, 0.024 mmol) in dimethylformamide (3 m#),
di-tert-butyi-dicarbonate (11 mg, 0.048 mmol) and n-ethyldiisopropylamine (6 mg,

-5 0.048 mmol) were added at room temperature. The mixture was stirred for 2 h at room
temperature. Afterwards it was purified by reversed-phase HPLC using a Phenomenex
Luna® Axia 5 ym C18 (2) column (dimension: 100 mm x 30 mm) with a Waters
XTerra® Prep MS C18 10 pm pre-column (dimension: 19 mm x 10 mm). The gradient
was running from 5% to 95% acetonitrile in water within 30 minutes (buffer: 0.1%

10 ammonium acetate, pH 7.0). The flow was 60 mi/min and the peaks were fractionated
by UV. Fractions 4-7 were combined and yielded 21.4 mg (40.8%) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and

mass spectrometry (Bruker Daltonics MicroTof).

15 RTmin = 5.30 min (PDA; LC-method as in Example 8)

UV (Amax): 219 nm (sh), 278 nm

ESI-MS (neg): [M-2H]* = 1085.895

Experimental neutral monoisotopic mass, [M] = 2173.805

Neutral monoisotopic mass calculated for CorHi27N2302784; 2173.815
20 Molecular formula: CazH127N2307784

Chemical molecular weight = 2174.49.



9 Tetracycline (control substance, 1 mg/ml) 24 32 WO 2009/121483PCT/EP2009/001982 41 Example
20: Neuropathic pain activity Labyrinthopeptin Al was studied in the spared nerve injury (SNI) mouse
model of 5neuropathic pain in order to proof the activity on tactile allodynia. Under general
anaesthesia, HE fMT418F branches of the sciatic nerve in adult male C5PBEERIEIEAEISt: 22.8g +/-
0.35 SEM) have been ligated and transsected, with the sural nerve left intact. Tactile allodynia has
been determined with the automatic von Frey test: udihg a dump needle stick, the plantar skin of hind
paws was exposed to a pressure 10stimulus of increasing intensity up to 5 g. The force in grams at
which the animal responded with hindpaw withdrawal was used as a read-out for tactile allodynia. The
study was performed 7 days after nerve lesion over 6 hours with an additional measurement after 24
hours. Withiaxavoptays afienngd keriratisseofibabiacitepbptima developed completely and remained
stable over at least two weeks. The compound 15 was administered intravenous as a single
application (3 mg/kg). As a vehicle for the intravenous application was the 1:1:18 (ethanol:solutol:
phosphate D@ fsdusigime]) habickiterapiin RaibWithglr&a4imesipid eTHyifeasumiteg@tsmbave
been used (g _eaicHlaif dRaigisRN Y Fealpens BHBCIRnRY) %d’*H-%tﬁji&H%%aB%@/%‘{ﬁ@% rﬁﬁ:ﬁg’ce time
al analysis the P

period (6 hours) and subsequent % benefit calculations. For the statistic alues of

the ipsilater3iHifdBERY weseeu8ddse o RAYS: trapsiaivEe-Migr ANOVA asEY &mAerAVIET values

for specific tiatasititridiamipexindal 24rhplts)yeaid s8senedyVithea A MRnA MDY MeronesstaARigrmed
delta AUC va}llﬁegw'l%mfl- hourllq. 25 Two-wa¥\ ?aé}%siig arkﬁqnce with_repeated measures (Repeated
factor: TIME, Analysis VaPapie: BW?/‘F)C%I%'\.}@' BgPal jeriertal X Aaieie! (e b dP Y

GROUP forveziehaddetiofliae toriXifsEw@Vistrraddysid)h Arialysis vamablailry \Afjcanddsibsaguent
Dunnegs te5i{RedagiptdRRRIMRNE Apeachiavs! PHACIUIING (W Axia 5 um c18 (2)
column (dimension: 100 mm x 30 mm) with a Waters XTerra® Prep MS C18 10 ym
pre-column (dimension: 18 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: 0.1 % ammonium acetate, pH 7.0). The
flow was 60 ml/ min and the peaks were fractionated by UV (220 nm). The following
15 two compounds were obtained:

Mono-benzyl derivative of Labyrinthopeptin A1:




30 sided comparison vs level VEHICLE) revealed highly significant differences from the vehicle group
from 1 to 6 hours after intravenous application for each compound. The effect was gone 24 hours after
application. 1-way ANOVA using delta IAUC1-6houl values revealed a p value of p <0.0001. Dunnett
analysis and gagemigrifizant WO 2009/121483PCT/EP2009/001982 42 tpeatmemisrifests for
Labyrinthopeptin Al. The percent benefit of the treatment was evaluated using the IAUC1-6hourl
values of the ipsilateral vehicle group (0% benefit) apgl all IAUC1-6hourj values of the contralateral
sides of all three groups (100% benefit = maximal possible effect). Compared to these margins
Labyrinthopeptin Al achieved 5 95% benefit. In conclusion, the compounds of the formula (1)
significantlyfradticpstdctitel Aloeyaicomitied Khdnoeaksiedntld mordarb gajkitthaidestdCLAIMS 1. A

compound BbMEJSH 4l SBRRIEINOATREHERRGIRIFIRIBARIID G GPUp-eriseiagyim  (Chis

a group selected from
mass spectrometry (Bruker Daltonics MicroTof).

5 RTmin = 7.03 min (PDA; LC-method as in Example 8)
UV (Amay): 217 nm (sh), 275 nm
ESI-MS (neg): [M-2HJ* = 1130.427
Experimental neutral monoisotopic mass, [M] = 2262.868
Neutral monoisotopic mass calculated for CqpaH12aN24025S84; 2262.878
10 Molecular formula: CipsH134N24025S,

Chemical molecular weight = 2264.63.

Bis-benzy! derivative of Labyrinthopeptin A1:

Q/ § "'_-B ."___..-“" HO "':‘/ '.‘-"'-. H ..
W((‘((JI‘H/\N_(\N—H/\NW/\N NN 'ﬂ/\ﬁﬂ”ﬂ/

Ho 8] o

15
Fractions 13 and 14 were combined and yielded 9.9 mg (17.5 %) of the desired
compound after lyophilization. The product was characterized by UV spectroscopy and
mass spectrometry (Bruker Daltonics MicroTof).

20 RTpip = 8.31 min (PDA; LC-method as in Example 8)



and Riis a group Ri'or a group wherein Ril is H, C(0)-(C3-C6)alkyl or C(0)-0-(C1-C6)alkyl; R2 is OH,
NH2, NH-(Ci-C6)alkyl, NH-(Ci-C4)alkylene-phenyl or NH-(Ci-C4)alkylenepyridyl; R.; and R4 are
independently of each other H, (C1-C6)alkyl, (Ci-C6)alkylene-C(0)NF12, (C1-C6)alkylene-C(0)N1-1(C
-C4)alkyl or (CvD-@@jalkmene-C(0)N-C4)alkyl12, or R3 and R4 together withithe:&asomme to which
they are attached form a disulfide group S-S; R5 and R6 are independently of each other H or OH, or
R5 and R6 together are =0; m and n are independerily of one another 0, 1 or 2; with the proviso that if
{A}is and {C}is 45 R3 and R4 may not form a disulfide group S-S together with the S atoms to

which they are attached; or a compound of the formula (1V)
UV (Amax): 214 nm (sh), 276 nm

ESI-MS (pos): [M+2(NH4)*" = 1194.002

Experimental neutral monoisotopic mass, [M] = 2351.937

Neutral monoisotopic mass calculated for Cy11H141N25025S4: 2351.941
5  Molecular formula: Cqq11H141N2502554

Chemical molecular weight = 2353.77.

Example 18: Acylation reactions at the N-terminus of Labyrinthopeptin A1
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10
To a solution of 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT, 5 mg, 0.028 mmol) in
dimethylformamide (2 ml), n-methylmorphofine (8.6 mg, 0.085 mmol} was added at
room temperature. After 1 h at room temperature n-hexane carboxylic acid (3.3 mg,
0.028 mmol) was added. After stirring the mixture for 30 minutes Labyrinthopeptin A1

15 (30 mg, 0.024 mmol) was added followed by stirring for 2 h at room temperature. The
mixture was purified by reversed-phase HPLC using a Waters XBridge Shield® 5 pm
C18 column (dimension: 100 mm x 30 mm) with a Waters XBridge Shield® C18 10 pm
pre-column (dimension: 19 mm x 10 mm). The gradient was running from 5% to 95%
acetonitrile in water within 30 minutes (buffer: 0.1% ammonium acetate, pH 7.0). The

20 flow was 60 ml/min and the peaks were fractionated by UV (220 nm). Fraction 39
yielded 2.0 mg (3.8%) of the desired compound after lyophilization. The product was



wherein 121 is H, C(0)-(CI-C6)alkyl or C(0)-0-(CI-C6)alkyl; R2 is OH, NI-12, NH4Ci-C6)-alkyl,
NRCI-C6)-alkylh, NH-(CE-C4)-alkylene-phenyl or NH-(CI-C4)-alkylene-pyridyl; R3 and R4 are
independently from each other H, (CIC6)alkyl or (C,-C4)-alkyleneC(0)NF12; m and n are
independent*¢t ¥i&dht¥her 0, 1 or 2; in any stereochemical form, or a nEKIEE26/8A3P8tcreochemical
forms in any ratio, or a physiologically tolerable salt thereof 2. A compound of the foimula (I) according
to claim 1, wherein {A}is 46 -1C1lis 3. A compoutfd of the formula (I) according to claim I, wherein
(A.}is {C}is and R1 is preferably a group '
characterized by UV spectroscopy and mass spectrometry (Bruker Daltonics

MicroTof).

RTmin = 5.41 min (PDA; LC-method as in example 8)
5 UV (Amax): 216 nm (sh), 266 nm
ESI-MS (neg): [M-2H]* = 1084.306
Experimental neutral monoisotopic mass, [M] = 2171.827
Neutral monoisotopic mass calculated for CogHy26N23026S4: 2171.836
Molecular formula: CogHi26N250258,
16 Chemical molecular weight = 2173.52.

Example 19: Antibacterial activity for Labyrinthopeptins and derivatives

The compounds were dissolved in water with 10 % MeOH to a final concentration of 1
15 mg/ml. For the bioassay sterile Nunc plates with a size of 24 x 24 cm were used. For
one plate 200 ml of agar were used. The agar was cooled after autoclaving to 55°C
and 2-4 mi of culture suspension of the test organism were added before plating. To
each plate 64 fitter plates with 6 mm in diameter were added.
To each filter 20 pl of the test solution were added and incubated for 1 to 3 days at 28
20 °C or 37 °C. The inhibition zone in mm was reported. For a detailed description of the
methods, see Bauer et al.,, Amer. J. Clin. Pathol. 1966, 45, 493-456; Miiller &
Meilchinger, Methoden in der Mikrobiologie, Franckhsche Verlagshandlung, Stuttgart
(1964); Mueller & Hinton, Proc. Soc. Expt. Biol. Med. 1941, 48, 330-333.

Streptomyces Bacillus
murinus subtilis
Tested compound (DSM 40001) [ (ATCC 6633)
28°C 37°C
Labyrinthopeptin A1, Ex. 7 13 16,5
Labyrinthopeptin A1 derivative, Ex. 16 0 8
Labyrinthopeptin A1 derivative, Ex. 18 7 8
Labyrinthopeptin A1 Bis-benzyl derivative, Ex. 17 7 9
Tetracycline {control substance, 1 mg/mi) 24 32

25



4. A compound of the formula (I) according to any one of claims | to 3, wherein RIisH. 5. A
compound of the formula (I) or formula (IV) according to any one of claims 1 to 4, wherein R, is OH.

6. A compound of the formula (I) according to any one of claims | to 5, wherein R3 and R4 are
independentlyvod eashintser H, (C1-C6)alkyl, (CI-C6)alkylene-C(0)NH2, orformraschawkiéede group S-S
together with the S atoms to which they are attached. 47 7. A compound of the formula (1) according
to any one of claims | to 6, wherein R3 and R4 are H4dr form a disulfide group S-S together with the S
atoms to which they are attached. 8. A compound of the formula (1) according to any one of claims Ito
7, wherein R5 and R6 are H or OH wherein if R5 1S OH then R6 is H, and if R5 is H then R6 is OH, or
R5 and R6 together are =0. 9. A compound of the formula (1) according to any one of claims Ito 8,
wherein R5 BX@mpipd ROegepadhiRBaE @NERG6 is OH. 10. A compound of the formula (1)
according to any one of claims 1 to 9, characterized by the formula (II) wherein R1 is Rit or a group

herein R1',is H, C(0)-(CI-C6)alkyl or C(0)-Q-(CI-C6)alkyl, preferably H. 11. A compound of the
formula (1) ACUBITPRS A ARdGF SHRATGTS SRATELAEDEG MY RIRASA 0P Rherein R1 is

R1' or asgromgiropathic pain in order {o proof the activity on tactile allodynia. Under general
anaesthesia, the two major branches of the sciatic nerve in adult male C57B6 mice
(weight: 22.8g +/- 0.35 SEM) have been ligated and transsected, with the sural nerve
teft intact. Tactile allodynia has been determined with the automatic von Frey test:
using a dump needle stick, the plantar skin of hind paws was exposed to a pressure

10 stimulus of increasing intensity up to 5 g. The force in grams at which the animal
responded with hindpaw withdrawal was used as a read-out for tactile allodynia. The
study was performed 7 days after nerve lesion over 6 hours with an additional
measurement after 24 hours. Within two days after nerve transsection, tactile allodynia
developed completely and remained stable over at least two weeks. The compound

15 was administered intravenous as a single application (3 mg/kg). As a vehicle for the
intravenous application was the 1:1:18 (ethanol:solutol: phosphate buffered saline)

vehicle chosen.

Paw withdrawal threshold (PWT) measurements have been used to calculate

20  significant treatment effects, and for AUC calculations over a reference time period (6
hours) and subsequent % benefit calculations. For the statistical analysis the PWT
values of the ipsilateral hind paws were used in two ways: first, with a 2-way ANOVA
based on the PWT values for specific times (within a period of 24 hours) and second
with a 1-way ANOVA on non-transformed deita AUC values JAUC1-6hour].

25
Two-way analysis of variance with repeated measures (Repeated factor: TIME,
Analysis variable: PWT) followed by a Complementary Analysis (Effect of factor
GROUP for each level of factor TIME (Winer analysis), Analysis variable: PWT) and a
subsequent Dunnett's test for factor TREATMENT for each level of factor TIME (Two

30  sided comparison vs level VEHICLE) revealed highly significant differences from the
vehicle group from 1 to 6 hours after infravenous application for each compound. The
effect was gone 24 hours after application. 1-way ANOVA using delta |JAUC1-8hour]
values revealed a p value of p <0.0001. Dunnett analysis and gave significant



wherein R1'is H, C(0)-(CI-C6)alkyl or C(0)-0-(Ci-C6)alkyl, preferably H; R2 is OH, NH2,
NH-(C1-C6)-alkyl, N[(Ci-C6)-alkyl]2, NH-(Cf-C4)-alkylene-phenyl or NH-(CI-CO-alkylene-pyridyk
preferably R2 is OH; and R3 and R4 are independently from each other H, (C1-C6)alkyl or
(Ci-C4)-alkyleWECHINHI2S3 49 wherein R1 is H, C(0)-(CI-C6)allcyl or C(0)-B{THEBSAMIS2R2 is OH,
N1-12, NH-(Ci-C6)-alkyl, NRCI-05)-alkylh,NH-(Ci-C4)-alkylene-phenyl or NH-(C1-C4)-alkylene-pyridyl,
and R3 and R4 are independently from each other 142, (C1-C6)alkyl or (CI-C4)-alkyleneC(0)NH2. 13.
A compound of the formula (1) or formula (IV) according to any one of claims Ito 12, wherein m and n
are 0;orm and n are Zﬁor IDisO0andnis2;ormis 2 and nis O. 14. A compound of the formula (1)

or formula (FPPUREGTFHE S 5%}‘3%?6%%9%“1% gh%ﬁﬁfﬁﬁ?m%ﬁﬁfh%rt@%ﬁfgt%eﬁ PR%s for
preparing ammimpmmdwﬁ@wméqmma—(ﬁﬂmpmdmg o ¢leipsliagoapasiag: de@;bmtmgw&f@) strain
Actinomadu [ 313)..0f one varian an / utants, un Lt

conditions égadqc%%&r)g(?je%r@ﬁw q ogéj @F‘ﬁ,g?g’ of HS 8rg§rsr!| GuRdg of Yive %FﬁHBF‘a ?@%&%8‘(&5 |n the
culture mediumeximpEsessigla %@ﬁbo@%ﬁfﬁtﬁd forimﬁ& mafrgmthehwlminemeﬂnm acldegdd
derivatizinggudaargappropriate, the compound isolated in step b) and/or, where appropriate,
converting the compound isolated in step b) or the derivative of the compound isolated in step b) into a
physiologically tolerated salt. 16. The process according to claim 15, wherein the compound isolated in

step b) is charastenizeshbhthed@ppulaiéldthe formula (1) significantly reduce tactile aliodynia in
the SNI mouse model of neuropathic pain.



wherein m and n are 0, R1 is R1 or a group wherein Ri is H, and R2 is OH. wherein m and n are both
0, R1is H, R2 is OH, and R3 and R4 are independently of each other H, (C1-C6)alkyl,
(ClI-C6)alkylene-C(0)NH2, (CI-C6)alkylene-C(0)NH(Ci-C4)alkyl or
(C1-Ce6)allcylene-C(0)NRCI-C4)alkylk, comprising a) fermenting the strain Actinomadura namibiensis
(DSM 6313), or one of its variants and/or mutants, tifder suitable conditions in a culture medium until
the compound of formula (IV, i.e.) Labyrinthopeptin A2, accrues in the culture medium, b) isolating the
compound L@l%yd(m@opeptin A2 from the culture medium, and c) derivatizing the compound isolated in
step b) and, where appropriate, converting the derivative of the compound isolated in step b) into a
physiologically tolerated salt. 18. Use of a compound according to any one of claims 1 to 14 for the
preparation qf gm@%@,@m@gﬁgﬁ{}%ﬂg@went of bacterial infections, viral infections and/or pain. 51
19. A pharmaceutical composition comprising at legast one comp%ggd__according to any one of claims 1
to 14 and at least one pharmaceutically accep Cosling for

-ID NO: 13. 21.

Prepro-Labyrinthopeptin A2 having the a ID NO: 14. 22.

Pro-Labyrinthopeptin A2 having thg a [ : OMRAT L JID NO: 15.
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wherein

{A} s a group selected from

ang




23. DNA coding for prepro-Lahyrinthopeptin Al having the nucleic acid sequence as shown in SEQ. ID
NO: 17. 24. Prepro-Labyrinthopeptin Al having the amino acid sequence as shown in SEQ ID NO: 18.
25. Pro-Labyrinthopeptin Al having the amino acid sequence as shown in SEQ. ID NO: 19. 52 Highly
bridged peptides from Actinomadura namibiensis Abstract 5 The invention refers to so-called
Labyrinthopeptin derivatives of the formula (1) 10wh&tein {A}, {B}, {C}, R1-R5, m and n are as defined
herein, obtainable from microorganism strain Actinomadura namibiensis (DSM 6313), its use for the
treatment of hacterial infections, viral infections and/or pain, a pharmaceutical composition comprising
it, prepro-Labyrinthopeptin, pgo-Labyrinthopeptin, and DNA coding for prepro-Labyrinthopeptin and
pro-Labyrinthopeptin. 15 (N itablg figure) OE2008-027.txt SEQUENCE LISTING <110>
sanofi-Aventis <120> nghly pridped peptides from Actinomadura namibiensis <130> DE2008/027

oAl A

R isa group Ri'or a group

wherein R;'is H, C{O)-(C-Cyratky! or C(O}-0-(C;-Cy)alkyl:

R, is OH, NH,, NH-(C-Cglalkyl, NH-(C;-Cy)alkylene-phenyl or NH-(C-Cylalkylene-
pyridyl;

R; and Ry are independently of each other H, (C-Cy)alkyl, (C;-Cglalkylene-C(O)NH;,
(C1-Ceralkylene-C{ONH(C,-Cyalkyl or (C,-Cylalkylene-C{(OIN[(C-Cylalkyl]s, or Ry
and Ry together with the S atoms to which they are attached form a disuifide group S-S;
R; and Ry are independently of each other H or OH, or R and R¢ together are =,

m and n are 111dependem y of one another 0, [ or 2;

with the proviso that if

{AYis




<170> Patentln version 3.3 <210> 1 <211> 20 <212> Pm- <213> Avrtificial <220> <223> Serl| bridged
with ser4 via ch2 ser4 bridged with Serl via ch2 séra bridged with Cys8 via S(0)m wherein mis 0, 1 or
2 ser4 bridged with Ser4 via 5(0)m wherein m is 0, 1 or 2 Cys9 optionally bridged with Cys20 via 5-5

Serb 0 bri@g&%\ff&%ﬁf&& i bdiserka Brdgedyvth perb dmanehi?. Rl SRudadnwin,Cys19 via
5(0)n wheggipHajs 0, 1 or 2 cys19 bridged with Ser13 via S(o)n wherein nis 0, 1 or 2 cys20 optionally

bridged W(ijtlha(agﬁ%é{{glé-cﬁtﬁéqgﬁﬁhﬁe@jﬁfn Ala ser Val Trp Glu Cys Cys Ser Thr Gly Ser Trp Val Pro
151015 Phe Thr cys cys 20 <210> 2 iy

wherein
R;is H, C(O)-(C;-Cglalkyl or C(0)-O-(C;-Cyalkyl;
R» is OH, NH,, NH-(C;-Cg)-alkyl, N[{C;-Cs)-alkyl],, NH-(C;-Cy)-alkylene-pheny! or
NH-(C-Cy)-alkylene-pyndyl; 3
R and R4 are independently from each other H, (C,C¢)alkyl or (C;-Cy)-alkylene-
C(O)NHy;
m and n are independently of one another 0, 1 or 2;
in any stereochemical form, or a mixture of any stereochemical forms in any ratio, or a
physiologically tolerable salt thereof.

2. A compound of the formula (I) according to claim 1, wherein

[A} is

L
- -

LA

(B} is

X
H s

O



<211> 18 <212> PRT <213> Artificial <220> <223> Alal bridged with Ala4 via'CH2 Ala4 bridged with
Alal via CH2 Ala4 bridged with Al1a8 via S(0)m wherein mis 0, 1 or 2 Ala8 bridged with Ala4 via
S(0)m wherein inis 0, 1 or 2 Cys9 bridged with cys18 via S-5 Alai bridged with Alal3 via CH2 Alal3
bridged with Alal0 via CH2 alal3 bridged with Alal7 via S(0)n wherein n is 0, 1 or 2 Alal9 bridged with
Alal3 via S(0)n wherein nis 0, 1 or 2 cys18 option#tly bridged with Cys9 via s-S <400> 2 Ala Asp Trp
Ala Leu Trp Glu Ala Cys Ala Thr Gly Ala Leu Phe Ala 151015 Ala Cys <210> 3 <211> 18 Page 1
<212> PRT i%ﬁ? Artificial

Ho§ B 4 o8l o Hg

o

3. A compound of the formula (I} according to claim 1, wherein

and
R, is preferably a group R,".

4. A compound of the formula (I) according to any one of claims [ to 3, wherein Ry'is
H.

5. A compound of the formula (1) or formula (IV) according to any one of claims 1 to 4,

wherein Rz is OH.

6. A compound of the formula (I) according to any one of claims 1 to 5, wherein R; and
R; are independently of each other H, (C,-Cglalkyl, (C-Cylalkylene-C{O)NH,, or form a
disulfide group S-S together with the S atoms to which they are attached.



OR2008-027.txt <220> <223> Serl bridged with Ser4 via cH2 Ser4 bridged with serl via cH2 ser4
bridged with Cys8 via S(0)m wherein mis 0, 1 or 2 cys8 bridged with Ser4 via S(0)m wherein mis 0, 1
or 2 Serb 0 bridged with Ser13 via CH2 Ser13 bridged with Serb 0 via CH2 ser13 bridged with serl7
via S(o)n.wherein nis 0, 1 or 2 ser19 bridged with Ser13 via S(0)n wherein nis 0, 1 or 2 <400> 3 ser
Asp Trp Ser Leu Trp Glu cys Cys Ser Thr Gly ser L&l Phe Ala 151015 cys cys <210> 4 <211> 34
<212> DNA <213> Artificial <220> <223> Forward Primer for Labyrinthopeptin A2 <220>

7. A compound of the formula (1) according to any one of claims 1 to 6, wherein R; and
Ry are H or form a disuifide group S-S together with the S atoms to which they are
attached.

8. A compound of the formula (I) according to any one of claims | to 7, wherein Rs and
Rg are H or OH wherein if Rs is OH.then Rg is H, and if Rs is H then Re is OH, or Rs and
Re together are =0,

9. A compound of the formula (I) according to any one of claims 1 to 8, wherein Rs is
OH and Rg is H, or Rs is H and Ry is GH.

10. A compound of the formula (1) according to any one of claims 1 to 9, characterized
by the formula (H)

<P < e by

" bIH 0 H

wherein R is Ry or a group
O

Iu‘w
R, HN

0

wherein Ry' is H, C(O)}~(Cy-Celalkyl or C(O)-0-(C,-Celalkyl, preferably H.

11. A compound of the formula (I) according to any one of claims I to 9, characterized
by the formula (1)



<221> misc_feature <222> (27)..(27) <223>nis a, ¢, g, or t <220> <221> misc_feature <222>
(30)..(30) <223>nis a, c, g, or t <400> 4 caggaaacag ctatgaccga ytggwsnytn tggg <210> 5 <211> 35
<212> DNA <213> Artificial <220> <223> Reversed Primer for Labyrinthopeptin A2 <220> <221>
misc_feature <222> (22)..(22) <223>nis a, c, g, 05,5% <220> '

wherein
R is Ry or a group

wherein R} is H, C{O)-(Ci-Cylalkyl or C(0O)-0-(C,;-Cglalkyl, preferably H;

Rz is OH, NHz, NH-(C-Ce)-alkyl, N[{C-Ce)-alkyl]o, NH-(C,-Cy)-atkylene-phenyi or
NH-(C;-Cy)-alkylene-pyridyl, preferably R, is OH; and

Rj and R, are independently from each other H, (C;-Cg)alkyl or (C,-Cy)-alkylene-
C(O)NH..

12. A compound according to claim 1, characterized by the formula (1V)
GHz




<221> misc_feature <222> (25)..(25) <223>nis a, C, g, or t <220> <221> misc_feature <222>
(31)..(31) Page 2 DE2008-027.txt <223>n is a, ¢, g, or t <400> 5 tgtaaaacga cggccagtrc angangcraa
narrc35 <210> 6 <211> 18 <212> DNA <213> Actinomadura namibiensis <400> 6 agtgctgtag

cacgggaal8 <210> 7 <211> 21
49

wherein _

Ry is H, C(O)-(C,-Cglalkyl or C{O)-O-(C,-Cglalkyl,

R, is OH, NH,, NH-(C-Cy)-alkyl, N{(C;-Cq)-alkyl]>, NH-(C-Cg)-alkylene-phenyl or
NH-(C1-Cg)-alkylene-pyridyl, and

R; and Ry are independently from each other H, (C;-Cgalkyl or {(C;-Cy)-alkylene-
C(OYNH..

13. A compound of the formula (I) or formula (1V) according to any one of claims 1 to
12, whereinmandnare0; ormandnare2; ormisOandnis2;ormis 2 and nis 0.

14. A compound of the formula (1) or formula (IV) according to any one of claims 1 to
13, wherein m and n are 0. '

15. A process for preparing a compound of the formula (1) according to claim 1,
comprising

a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants
and/or mutants, under suitable conditions in a culture medium untii one or more of the
compounds of the formula (I) accrue(s) in the culture medium,

b} isolating a compound of the formula (1) from the culture medium, and

¢) derivatizing, where appropriate, the compound isolated in step b) and/or, where
appropriate, converting the compound isolated in step b) or the derivative of the

compound isolated in step b} into a physiologically tolerated salt.

6. The process according to claim 15, wherein the compound isolated in step b) is
characterized by the formula (II)

H{ ‘
Ry HA o N’i\“‘%

{}?‘5

Hy ——

[ NH

{1},
wherein
m and n are 0,
Ry is Ry ora group



<212> DNA <213> Artificial <220> <223> Reversed Primer of Labyrinthopeptin A2 <220> <221>
misc_feature <222> (7)..(7) <223>nis a, c, g, or t <220> <221> misc_feature <222> (13)..(13) <223>
nis a, c, g, or t <400> 7 rcarcangcr aanarrcttc c21 <210> 8 <211> 35 <212> DNA <213> Atrtificial
<220> <223> Reversed Primer of Labyrinthopeptins,g\Z

Ry HN

wherein Ry"is H, and
R2 is OH,

17. A process for preparing a compound according to claim 1, wherein the compound is

characterized by the formula (IV),
CHz

wherein

m and n are both 0,

R;is H,

R, is OH, and

R; and Ry are independently of each other H, (C-Cglalkyl, (C;-Cslalkylene-C{O)NH,,
(C-Co)alkylene-C(ONH(C,-Cpalkyl or (C-Cg)alkylene-C(O)N[(C-Cyalkyl],
comprising

a) fermenting the strain Actinomadura namibiensis (DSM 6313), or one of its variants
and/or mutants, under suitable conditions in a culture medium until the compound of
formula (1V, i.e.) Labyrinthopeptin A2, accrues in the culture medium,

b} isolating the compound Labyrinthopeptin A2 from the culture medium, and

¢) derivatizing the compound isolated in step b) and, where appropriate, converting the
derivative of the compound isolated in step b) into a physiologically tolerated salt.

18. Use of a compound according to any one of claims 1 to 14 for the preparation of a
medicament for the treatment of bacterial infections, viral infections and/or pain.



<400> 8 cacggtacct agactagtga ccaagtgcgc cggtc35 <210> 9 <211> 22 <212> DNA <213>
Actinomadura namibiensis <400> 9 cttcccgtgce tacagcactc cc22 <210> 10 <211> 20 <212> DNA
<213> Artificial <220> <223> Dig-labelled probe <400> 10 Page 3 DE2008-027.txt atggacctcg
ccacgggctc20 <210> 11 <211> 22 <212> DNA <21§§> Atrtificial
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19. A pharmaceutical composition comprising at least one compound according to any
one of claims 1 to [4 and at least one pharmaceutically acceptable carrier.

20. DNA coding for prepro-Labyrinthopeptin A2 having the nucleic acid sequence as
shown in SEQ ID NO: 13.

21. Prepro-Labyrinthopeptin A2 having the amino acid sequence as shown in SEQ 1D
NO: 14.

22. Pro-Labyrinthopeptin A2 having the amino acid sequence as shown in SEQ. ID NO:
15.

23. DNA coding for prepro-Labyrinthopeptin Al having the nucleic acid sequence as
shown in SEQ. ID NO: 17.

24, Prepro-Labyrinthopeptin A1 having the amino acid sequence as shown in SEQ ID
NO: 18.

25, Pro-Labyrinthopeptin AT having the amino acid sequence as shown in SEQ. 1D NO:
19.



<220> <223> Dig-labelled probe <400> 11 cttcccgtgc tacagcactc cc22 <210> 12 <211> 159 <212>
DNA <213> Artificial <220> <223> orf for Labyrinthopeptin A2 <400> 12 tgacgcccgc acaccgttce
accgatgaga ggtgacagtc ccatggcgtc gatcctggaa60 ctccagaacc tggacgtcga gcacgcccge ggcgagaacc
gctccgactg gagcectgtggl20 gagtgctgta gcacgggaag cctgttcgec tgetgetgals9 <210> 13 <211> 117
<212> DNA <213> Artificial <220> <223> structural gene of prepro-Labyrinthopeptin A2 followed by
stop-colon TGA <400> 13 atggcgtcga tcctggaact ccagaacctg gacgtcgagc acgcccgegg cgagaaccgc60
tccgactgga gcctgtggga gtgctgtagc acgggaagcc tgttcgectg ctgetgall7 <210> 14 <211> 38 <212> PRT
<213> Artificial <220> Bpialy brédesd pspidasplisun Agtinomadura namibiensis

Absftract

The invention refers to so-called Labyrinthopeptin derivatives of the formula (I}

GHp 5(0)

\\\\\\\CH
o
H

HoC 2
Oy OH
H ~MH
R¢HN {A} N {B}—N N N
1

H
N
0
e S(0) R4S
HoC ¢H2 CH, \
HoC CH2
R
H H Rg H
= : (C}
2 N N—T(\N N N
o "o Hg Hpo Hg Hyp

| (M

10 wherein {A}, {B}, {C}, R1-Re, m and n are as defined herein, obtainable from
microorganism strain Actinomadura namibiensis (DSM 6313}, its use for the treatment
of bacterial infections, viral infections and/or pain, a pharmaceutical composition
comprising it, prepro-Labyrinthopeptin, pro-Labyrinthopeptin, and DNA coding for
prepro-Labyrinthopeptin and pro-Labyrinthopeptin.

15
(No suitable figure)



. <400> 14 Met Ala Ser lle Leu Glu Leu GIn Asn Leu Asp Val Glu His Ala Arg 151015 Gly Glu Asn Arg
Ser Asp Trp Ser Leu Trp Glu Cys Cys Ser Thr Gly 202530 Ser Leu Phe Ala Cys Cys 35 Page 4

<210> 15DE2008-027.txt <211> 18 <212> PRY <213> Atrtificial <220> <223> Pro-Labyrinthopeptin A2
- <400> 15 ser Asp Trp Ser Leu Trp Glu Cys Céé Ser Thr Gly Ser Leu Phe Ala 151015 Cys Cys <210>

16 <211> 135 <212> DNA <213>s€t5HEﬁi?éDf? 3 -22235x5rf for Labyrinthopeptin Al

<110> Sanofi-Aventis

<120> Highly bridged peptides from actinomadura namibiensis
<130> DE2008/027

<160> 19 .

<170> PatentIn version 3.3

<210> 1

<211> 20

<212> PRT

<213> Artiticial

<220>

<223> Serl bridged with ser4 via ch2
Serd bridged with Serl via ch2
Ser4 bridged with Cys8 via S(0)m wherein m is 0, 1 or 2
ser4 bridged with Ser4 via s(O)m wherein m is 0, 1 or 2
Cys9 optionally bridged with Cys20 via S-S
Serl0 bridged with serl3 via cH?
Serl3 bridged with serl0 via CH2
Serl3 bridged with Cys19 via S(0)n wherein n is 0, 1 or 2
Cys19 bridged with Seri3 via S(O)n wherein n is 0, 1 or 2
Cys20 optionally bridged with CysS via S-S

<400> 1

Ser Asn Ala Ser val Trp Glu Cys Cys Ser Thr Gly Ser Trp val Pro
1 5 10 15

Phe Thr Cys Cys
20

<210> 2

<211i> 18

<212> PRT

<213> Artificial

<220>

<223> Alal bridged with Ala4 via cH2
Ala4 bridged with Alal via CH2
Alad4 bridged with Ala8 via S(O)m wherein m is 0, 1 or 2
Ala8 bridged with Alad via S(Om wherein mis 0, 1 or 2
Cys9 bridged with cysli8 via s-S
Alal0 bridged with Alal3 via CH2
Alal3 bridged with Alal0 via CH2
alal3 bridged with Alal7 via s(O)n wherein n is 0, 1 or 2
Alal9 bridged with Alal3 via s(0)n wherein n is 0, 1 or 2
Cysl8 optionally bridged with Cys9 via s-s

<400> 2

Ala Asp Trp Ala Leu Trp Glu Ala Cys Ala Thr Gly Ala Leu Phe Ala
1 5 10 15

Ala Cys

<210> 3

<211> 18

Page 1



<400> 16 tgaacatcca ccatggcatc catccttgag ctccaggacc tggaggtcga gcgcgecagce60 tcggecegcecg

| acagcaacgc cagcgtctgg gagtgctgca gcacgggcag ctgggttcccl20 ttcacctgct gctga 135 <le0> 17 <211>

123 <212> DNA <213> Artificial <220> <223> structural gene of prepro-Labyrinthopeptin Al followed

+ by stop-colon TGA <400> 17 atggcatcca tccttgagcet ccaggacctg gaggtcgagce gecgecagctc ggecgecgac60
agcagggeca gggtctggga gtgetgeage acgggeagePEupicdett cacctgctge120 tga 123 <210> 18 <211> 40

<212z PRT s4i3riAftificial <220>

<220>

<223> Serl bridged with ser4 via cu2
Ser4 bridged with Serl via cH2
Ser4 bridged with Cys8 via s(0)m wherein m is 0
Cys8 bridged with Ser4 via s(O)m wherein m is 0
Serld bridged with serl3 via CH2
Serl3 bridged with serl0 via CHZ
serl3 bridged with Serl7 via S(0)n wherein n is 0, 1 or 2
Serl9 bridged with serl3 via s(0)n wherein n is 0, 1 or 2

<400> 3

, Lor 2
, Lor 2

Ser Asp Trp Ser Leu Trp Glu Cys Cys Ser Thr Gly Ser Leu Phe Ala
1 5 10 15

Cys Cys

<210> 4

<2131> 34

<212> DNA

<213> Artificial

<220>
<223> Forward Primer for Labyrinthopeptin A2

<220>

<221> misc_feature

<222> (27)..(27)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (30)..(30)

<223> n is a, ¢, g, or t

<400> 4
caggaaacag ctatgaccga ytggwsnytn tggg 34

<210> 5

<211> 35

<212> DNA

<213> Artificial

<220>
<223> Reversed Primer for Labyrinthopeptin A2

<220>

<221> misc_feature

<222> (22)..022)

<223> nisa, ¢, g, or t

<220

<221> misc_feature

<222> (25)..02%

<223> nisa, ¢, g, or t

<220>
<221> wmisc_feature
<222> (31)..(31)

Page 2



= <223> Prepro-Labyrinthopeptin Al <400> 18 Met Ala Ser lle Leu Glu Leu Gin Asp Leu Glu Val Glu Arg
Ala Ser 151015 Ser Ala Ala Asp Ser Asn Ala Ser Val Trp Glu Cys Cys Ser Thr Gly 202530 Page 5
0F2008-027.txt ser Trp val Pro Phe Thr Cys Cys 3540 <210> 19 <211> 20 <212> PRT <213> Artificial
+ <220> <223> Pro-Labyrinthopeptin Al <400> 19 Ser Asn Ala Ser val Trp Glu Cys Cys Ser Thr Gly ser

Trp \ahBro 153Q15 Phe Thr gys,Cys 20 PE2008-027.txt

<400> 5
tgtaaaacga cggccagirc angangcraa narrc 35

<210> 6

<211> 18

<212> DNA

<213> Actinomadura namibiensis

<400> 6
agtgctgtag cacgggaa i8

<2i0> 7

<21il> 21

<212> DNA

<213> Artificial

<220>
<223> Reversed Primer of Labyrinthopeptin A2

<220>

<221> misc_feature
<222 (7)..(H

<223> nisa, c, g, or t

<220

<221> misc_Teature
<222> (13)..(13)

<223> nis a, ¢, g, or t

<400> 7
rearcangcr aanarrcttc 21

<210> §

<211> 35

<212> DNA

<213> Artificial

<220>
<223> Reversed Primer of Labyrinthopeptin A2

<400> 8 C : '
cacggtacct agactagtga ccaagtgcgce cggtce 35

<210> 9

<211> 22

<212> DNA

<213> Actinomadura namibiensis

<400> 9
cttccegtge tacagcactc cc 22

<210> 10

<211> 20

<212> DNA

<213> Artificial

<220>
<223> Dig-labelled probe

<400> 10
Page 3



DE2008-027 . txt
atggacctcg ccacgggctce

<210> 11

<211l> 22

<212> DNA

<213> Artificial

<220>
<223> Dig-labelled probe

<400> 11
cticcecgtge tacagcactc cc

<210> 12

<2il> 159

<212> DNA

<213> Artificial

<220> _
<223> orf for Labyrinthopeptin A2

<400> 12
tgacgeoege acaccgttec accgatgaga ggtgacagtc ccatggegtc gatcctggaa

ctccagaacc tggacgtcga geacgceccge ggcgagaacc getccgactg gagectgtgg
gagtgctgta gcacgggaag cctgttcgee tgetgetga

<210> 13

<211> 117

<212> DNA
<213> Artificial

<220>
<223> structural gene of prepro-Labyrinthopeptin A2 followed by
stop-colon TGA

<400> 13
atggcgtcga tcctggaact ccagaacctg gacgicgagc acgeoccgegy cgagaaccyc

tccgactgga goctgtggga gtgctgtage acgggaagee tgttcgectyg ctgctga
<2i0> 14

<211> 38

<21Z> PRT

<213> Artificial

<220>
<223> Prepro-Labyrinthopeptin A2

<400> 14
Met Ala Ser Ile Leu Glu Leu GIn Asn Leu Asp val Glu His Ala Arg
1 5 10

Gly Gy Asn Agg Ser Asp Trp Ser %gu Trp Glu Cys Cys Ser Thr Gly
2 30

Ser Leu ghe Ala Cys Cys
5

Page 4
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

DEZO08-027.+txt
15
18
PRT
Artiticial

Pro-tabyrinthopeptin A2
15

Ser Asp Trp Ser Leu Trp Glu Cys Cys igr Thr Gly ser Leu phe Ala
1 5

Cys Cys

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

<220>
<223>

<400>

15

16

135

DNA
Artificial

orf for Labyrinthopeptin Al
16

tgaacatcca ccatggcatc catccttgag ctccaggace tggaggtcga gegcgecage

tcggccgeeg acagcaacge cagegtcetgg gagtgetgea gcacgggcag ctgggttecc

ttcacctget getga

<210>
<211
<212>
<213>

<220>
<223>

<400>

atggcatcca tccttgaget ccaggacctg gaggtcgage gegecagete ggecgeegac

17

123

DNA
Artificial

structural gene of prepro-Labyrinthopeptin a1l followed by
stop-colon TGA

17

agcaacgcca gegtctggga gtgctgeage acgggcaget gggttccctt cacctgctgce

tga

<Z210>
<211>
<212>
<213>

<220>
<223>

<400>

i8

40

PRT
Artificial

Prepro-Labyrinthopeptin Al
18

Met Ala Ser Ile Leu Glu Leu Gln Asp Leu Glu val Glu Arg Ala ser
1 5 10 15

Ser Ala Ala Asp Ser Asn Ala Ser val Trp Glu Cys Cys Ser Thr Gly
20 25 30

Page 5
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DE2008-027 . txt

Ser Trp val pro Phe Thr Cys Cys
35 40

<210> 19

<211> 20

<212> PRT

<213> Artificial

<220> _
<223> pro-Labyrinthopeptin Al

<400> 19

Ser Asn Ala Ser val Trp Glu Cys Cys Ser Thr Gly Ser Trp val Pro
1 5 10 15

Phe Thr Cys Cys
20

Page 6



