WO 02/ 06324 1 PCT/ FRO1/ 02164 Al OR ANTI BACTERI AL PEPTI DES,
PREPARATI ON  METHODS AND CCNPCShim h | NG SAME The subj ect of the
present jnvention is new peptide g anti bacterial and antifunga
probertles The invention also concé?ﬂ? the preparation of these peptides
and conposi WP o?3d/€e3E4i ni ng the sane whlch may be use%cTﬁFR%ié%@1@£Iture
and for human or aninmal therapy. In the prior art, nunerous substances of
natural origin are described, in particular peptides having anti m crobi al
properties, amdTUIPURGRRIANDUORIANTIBACTERI KL dBSPRNDES UNBREPARST IGUCH

pepti des nmay be used to 10 treat Tunggl di seases both |n R}ants and in man
(De Lucca et al. ODEnNR GOMP £1-11). I'n  hunman
health, it can be recalled that the frequency of opportunlstic f ungal
infections has risen sharply in recent years. |nvasive nycoses are very
serious 15 infech©nsuh$@SEd05ytm@ngre$©mhdimmenaigmeianuemhpehti@e@one

pat hogeni ¢ | n i nmunoconprom sed. persons uppressi on. may b,
result of v%?Vbﬁg cﬁﬂgnBaCtSSF?}coFW ﬁftégﬁhﬁﬁymngﬁﬁpe{?%ﬁ%pl $?s H VvV
infection. ifpeRtisni s1s6 tongatnsntretpospacstient by aﬁégénpeﬁﬂidQSZO hi gh

nortality rate in man. They may be caused by yeasts, mainly of Candlda
type, or fiPBAeAPBRSSELAGNS EﬂPE?F?lBﬁ t%@pé@@?|wﬁ§09yﬁéy P@ used in
'nﬂunosgpprs§§§9uP@aksnaﬁd Egl! Hifan0b aQﬁi&Hﬂgéﬁe££$9t”E“t is frequently
observe ccount of 1ts toxicity, ?or exanple treatnment with
Anphotericin 25 By drhe hpronsetanf, r esivstrans fswgstafioes exenpheturasi st ance
of Candida al bicans to nltro?hg? erlv%tlves is therefore yital to

devel op newahgiPungsf nBPE in pa tictlak pept£ads® Mavin

antimicrobial properties, and more particularly

bactericides and fungicides. Such peptides may be used to
10 treat fungal diseases both in plants and in man (De Lucca
et al., 1999, Antimicrob. Agents Chemother. 43, 1-11). In
human health, it can be recalled that the frequency of
opportunistic fungal infections has risen sharply in
recent  years. Invasive mycoses are very serious
15 infections caused by fungi found in nature and which
become pathogenic in immunocompromised persons.
Immunosuppression may be the result of various causes:
corticotherapy, chemotherapy, transplants, HIV infection.
Opportunistic fungal infections currently account for a
20 high mortality rate in man. They may be caused by yeasts,
mainly of Candida type, or filamentous fungi, chiefly of
Aspergillus type. In immunosuppressed patients, failure
of antifungal treatment is frequently observed on account
of its toxicity, for example treatment with Amphotericin
25 B, or the onset of resistant fungi, for example
resistance of Candida albicans to nitrogen derivatives.
It is therefore vital to develop new antifungal medicinal

products derived from innovative molecules
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products derived frominnovative nol ecules 1 WO 02/ 06324 2

PCT/ FRO1/ 02164 The production' of antim crobial peptides, in a |arge
variety of animal and plant species, represents an essential nechanismin
immunity defence against infections. Insects, in particular W very

. ; ho
ef fective SWPel?498Aé® agai nst bacteria?and fungi. ThfsT EEB%A@% 3

| argely attributable to the rapid synthesis of several famlies of w de
spectrum anti m crobi al peptides (Bulet et al. (1999) Dev. Conp. |mmunol.
23, 329-344). Thilse pyodhesisnisfi adtitetichybhasepéptidagurynoa iLargeti on of
a 10 | ow dose of bacteria (Hoffrmal et ?I. (1999&.Science 284 1313-1318).
To date, th&3BheFHi cPbbial %@Ltiaaé oPlafhsecPEChSTe eSHREFEFNTShedR

characterizgdsfheminsegbsnhangRr 9o0iAg copmbLAl eymet agpepbesi saguihBg their
devel opnent, Diptera, Lepidoptera and Cbleogtera for 15 exanple. Anong the

anti-m crobinfepependes Ins¢essd i PRBSeCHAsEet show dvery nefifeatalig be
e R N N Y e S TH R
cecropi ns. 1afEgelgniactraphitdes o i €8 itheprodp e, shathegia sézeseobrbet ween 2
kDa and 4 k%?m%@EgQ QEy‘?Sdglgggg¥kghe%htimicrobial peptides (Bulet
et al. (1999) Dev. Comp. Immunol. 23, 329-344). This
synthesis is induced by a septic injury or injection of a
10 low dose of bacteria (Hoffmal et al. (1999) Science 284,
1313-1318). To date, the antimicrobial peptides of
insects have especially been characterized from insects
undergoing complete metamorphosis during their
development, Diptera, Lepidoptera and Coleoptera for
15 example. Among the anti-microbial peptides induced in
these insects, a distinction may be made between the four
following groups:

- Cationic peptides of 4 kDa, forming two

amphipathic o-helixes. This group particularly includes
20 cecropins.

- Cationic peptides rich in proline, having a size
of between 2 kDa and 4 kDa which may be glycosylated,
such as drosocine, pyrrhocoricine and the lebocines for
example, or non-glycosylated such as the apidaecines and

25 metalnikowines.

- Several separate polypeptides with a molecular
weight of 8 to 27 kDa, cationic for the most part and
frequently rich in glycine residues such as attacines, II
sarcotoxins, diptericines and coleoptericine.

30 - Peptides containing intramolecular disulfide

bridges. This group contains insect defensines (4 kDa, 3



such as drosocine, pyrrhocoricine and the |ebocines for exanple, or
non- gl ycosyl ated such as the api daeci nes and 25 netal ni kowi nes. - Several
separatespol ypeptides with a nolecular weight of 8 to 27 kDa, cationic for

t he nost part quently rich in g]ycine residues_such ci nes,

I sarcoto@@n@?ygﬁéégricines and col eoptericine. 30 EC?@E@@ﬁzgfiéﬁtaining
i ntranol ecul ar disulfide bridges. This group contains insect defensines (4
kDa, 3 WD 02/06324 3 PCT/FRO1/ 02164 disulfide bridges), drosonycin (4 kDa
4 disul fidedibul iggs) knddghahat i deog@myban 1 (@i sutda,de bridhgehlfAdeng the

b , th t, i f] t ak 5 tjcyl | i tid f
Chr 6. di mork SRGFS St UGt EPEnBr (Eho 7y bBE coht Ot A hiL SR BLARF] & and one

antiparallel (3 strand joined by three disulfide bridges, also called a
CSal structure. These peptides have antifungal activity that is useful for
testing infectiod8en® | Khean aR¥eani nene an@resepltantiNveriel athvehdken

particulzar| %?f?ﬁcgﬁl{_é‘i hfﬁ{;&%&*ﬁgl IY‘ig't ﬁ?eﬂ»@i&e@e%%detg.héQLéiﬁQn££8HL%he

haenol ynph “Lepi doptera thi's™ virescens. The sequence and _
properties ofrhetip8YdM ane GRserideddihin epnat i@l Pat eiig appéi cation
PCT 15 published under No WD 9953053. In the peptide sequences |isted
bel ow, the antiparatieds Bretrepdegerted by ttieree odeshefiée boildgebut they
could also be represented by their three-letter code in 20 accordance with
the fol | owi ahsponEatladur &: " ASMPa AtaateIrec o/fhayst et Biosp Aspartic
aci d antifungal activity that is useful for testing infections
10 in man and animal and in plants. The invention
particularly concerns heliomycin which is a peptide
isolated from the haemolymph of the Lepidoptera Heliothis
virescens. The sequence and properties of heliomycin are
described in international patent application PCT

15 published under N° WO 9953053.

In the peptide sequences 1listed below, the amino
acids are represented by their one-letter code, but they
could also be represented by their three-letter code in

20 accordance with the following nomenclature:

A Ala Alanine

Met Methionine

C Cys Cysteine
D Asp Aspartic acid
E Glu Glutamic acid
25 F Phe Phenylalanine
G Gly Glycine
H His Histidine
I Ile Isoleucine
K Lys Lysine
30 L Leu Leucine
M
N

Asn Asparagine



E Ju GQutamc acid 25 F Phe Phenylalanine G dy dycine HH's Histidine
| Ile Isoleucine K Lys Lysine 30 L Leu Leucine M Net Methionine N Asn
Aspar agi ne WO 02/06324 4 PCT/ FR0O1/02164 P Pro Proline Qdn Gutamne R
Arg Arginine S Ser Serine 5 T Thr Threonine V Val Valine Vv7rg Trypt ophan
Y Tyr TyrostRe0200882¢omycin i's an amphftphilic peptid@cﬁngﬂb 324 fif ee-

di mensi on structure of CSa(3 type. The am no acid sequence of helionycin
given in the list of sequences under nunber SEQID NO: 1 is the
following: 1 10 20 30pr®d Kioclie SCVWGAVNYTSDCNGECKRRG
YKGG 4015 a CGSFAN'VNCWCET (SEQID NO: 1) The Applicant
has now, from th® haefb?yrfpH 3 %Smuni zed | arvae of the Lepi doptera

Ar cheopr epona 20g denpphoom rd 501 @d ed a honol ogue of helionycin. This
peptide, called Ardl, was characterized by sequencing and nass

measur ement . TheSani ndeaci$esbtgience of Ardl is shown in the sequence |i st

under n%yber SEQ&ID hg%i ZThreonine

v Val Valine
W Trp Tryptophan
Y Tyr Tyrosine

10 Heliomycin is an amphiphilic peptide having a three-
dimension structure of CSoaf type. The amino acid sequence

of heliomycin given in the list of sequences under number

SEQ ID NO : 1 is the following:

2 10 20 30
DERLIGSCVWGCGAVNYTSDCNGECKRRGYKGG
40
15 ECGSFANVNCWCET (SEQ ID NO : 1)

The Applicant has now, from the haemolymph of
immunized larvae of the Lepidoptera  Archeoprepona

20 demophoon, isolated a homologue of heliomycin. This
peptide, called Ardl, was characterized by sequencing

and mass measurement. The amino acid sequence of Ardl is

shown in the sequence list under number SEQ ID NO : 2

1 10 20 30
SKLIGSCVWAGAVNYTSNCNARBCKRRGYKGG
40

25 HCGSFANVNCWCET (SEQ ID NO : 2)



1102030 DKLI GSCVWOAVNYTSNCNA2CKRRaYKGG 40
25 9C GS F ANVNCWCET (SEQ ID NO : 2) WD 02/06324 5 PCT/ FR01/ 02164 The
seqyence:of Ardl differs fromthat of helionycin at 2 positions: an

aspartic acid position 17 in elionycinis I n

aspar agi ne W%s§$?8é%§5a 5 glycine ((Hy)gat position 2%8fé9§§ﬁ(§%%§4by an
alanine (Ala). The correspondi ng codons were nodified in the expression
vect or pSEA2 of helionycin and the Ardl peptide was produced and secreted
by the yeast S. cerevisiae. 10 pSEA2 is a yeast expression vector carrying
the MFal pronoter and the pre_s nce_of BGE.2 an o _seguence of Mral
permitting secre ?%ns%ﬂu?%%gp%ﬁtgga?iﬁlfggrﬁS%fﬁ?eghﬁédPgnﬂ?Eéﬁﬂ¥Ff9 et
al., 1999, d¢ Bigbsi€hems: 2a%asp3BticladO)asy tef pECponi L7cahi on,
the antifungal activity (anti-Candida al bicans and anti-Aspergil|us

fum gatus Betionyginofisar gepdacedcorparedd @sPRIBHEANSOf (A2R] omAgich. 220 The
anti-Candi d pca tivit - | S 4.t L r eat : t hat
of heligﬁyc§%§g$h% gﬁFsﬁ ﬁ%%e S?FFéégf&%fgg%ugeéé?%%??éngfgirgpaﬁgﬁg times
greater thanlthat ™e heldraaspandi2fy ThedAppl | eane amad Szt t e chhege and

hydr ophobi ci t of helionycin and _of th dl , ti.de. The hyd habi ci t
profile ;hoﬁthﬁsﬁbBBndgngﬁﬁurBgEA%asoﬁaQéekbgﬁgﬁéﬁg ?ng ﬁéFngrg I&;tg
and Dool i tt}hep(1882, wds MBkodBLeH. . ah87, sedP8tdd2) by the yeast S.

cerevisiae.
10
PSEA2 is a yeast expression vector carrying the MFal
promoter and the pre sequence of BGL2 and pro sequence of
MFal permitting secretion of the peptide in the culture
medium (Lamberty et al., 1999, J. Biol. Chem., 274, 9320-
15 9326).

After HPLC purification, the antifungal activity
(anti-Candida albicans and anti-Aspergillus fumigatus
activity) of Ardl were compared with that of heliomycin.

20 The anti-Candida albicans activity of Ardl is 4 to 8
times greater than that of heliomycin. The anti-
Aspergillus fumigatus activity of Ardl is 2 times greater

than that of heliomycin.

25 The Applicant analysed the charge and hydrophobicity
of heliomycin and of the Ardl peptide. The hydrophobicity
profile shown in appended figure 1 was made following the
method of Kyte and Doolittle (1982, J. Mol. Biol., 157,
105-132).

30

Heliomycin and its homologue Ardl have two regions

of rather hydrophobic nature separated by a region that




30 Helionycin and its honol ogue Ardl have two regions of rather
hydr ophobi ¢ nature separated by a region that WO 02/ 06324 6 PCT/ FROL/ 02164
is nore hydrophilic. The N and C end regions are rather hydrophilic. Al so,

the central region that is of hydrophilic nature has_a positi t
charge. Figli?ef4/08fd%hs the charge of tfe amino acidsPFﬁPFﬁéiﬁégigﬁycin 5

sequence. The repl acenent of aspartic acid in helionmycin by asparagine
(position 17) in the natural honol ogue Ardl i ncreases the cationic nature
of the peptidembptd mgldatophd 1@ .t el N oapdi A) .en@ hergimrisat aoasrahhended to

increase the positive charge and hydrophobicity were made .in . heligmycin
and its honBY%ﬁﬂEh%}HF'byAé%RJgeﬁéF%teﬁgnHF? cté&gﬁﬁpag is bY b?gcloning

synthetic fragpephsiid5 Bessd dhsoRdydad updenet henseore ofiddis 1
invention therefore consisted of making nutations particularly in the
hydr ophobi cshetiar gé relghvae & akhe o amieceazseldhe incHargyehahdprpycin
hydrophqficité of ghe peptides without nodifying or by inproving their
anphophi i c°RAYTIET and 20 in this manner to produce peptides having

i nproved antifungal and/or antibiotic properties relative to helionycin.
Thi s purpose |s fehicued by qeans of 3 pentide, 28 derived fromhelonvein

DKLI GSCVWGAYNYT SDONGE CKEREKGEHCCH ANVNCVEES  nRY usulStHdnd 1 s5udf acne or

nmore amino aclds. “The peptides 30 of the invention nmeet fornula (I) in
whi ch "X' reéprceseaes tha gatmonaci datuwe 02/ 0bg2peptide (+1 relative

10 to heliomycin). Other mutations intended to increase the
positive charge and hydrophobicity were made in
heliomycin and its homologue Ardl by PCR-generated

directed mutagenesis or by cloning synthetic fragments.

15 Research conducted under the scope of this invention
therefore consisted of making mutations particularly in
the hydrophobic, charged regions so as to increase the
charge and/or hydrophobicity of the peptides without
modifying or by improving their amphophilic nature, and

20 in this manner to produce peptides having improved
antifungal and/or antibiotic properties relative to

heliomycin.

This purpose is achieved by means of a peptide

25 derived from heliomycin having the formula SEQ ID NO 1:
DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCET
by substitution of one or more amino acids. The peptides

30 of the invention meet formula (I) in which “X” represents

an amino acid :



PCT/ FR01/ 02164 K, X3 X0 X4 X5 X6 Cl Xa X9 Xla Xii X12 X13 X39 X15 X1, X17
C 18 X19 X20 Kn ¢33 X93 X21 X73 X96 X27 X36 X29 X30 X31 C32 X33 X34 X3S X36
X37 ,X3a :39 40 X41 C42 X43 X44 (1) in which: - X1, X17, X21, X43 are
acidic amno acids, - X16, X44 are small polar am no_acids 2 - X119 is a

| arge pol ar"anPRé08824, - X36 is a smalV or weakly hyBFEpEBBIEOAPAG acid,
- X38 is a scarcely hydrophobic or small am no acid, said substitutions
bei ng such that: - at |east one of X1, X17, X21, X43 is a basic or 10

pol ar, advaht geBudyXa FalgeXpdhafie Lo o Hai & Ahd/ B Z17a8:0] Eas®aone of

am no acids_X16, X44.js basi i i deor .a lar I agi ng aci d,
and/ or - Xl@‘i"g"a%ﬁag?t A gb’l ?,Rgﬁa/afo‘? ¥y -C”at:é’l? ggt?e’b?]%“o ¥aitho aci ds
X36, X38 isga gLrenoty xfysiophokig am no acid, and in which, the other

am no acids ?X) have the follow ng neanings: 20 X13, X37, X6, X15, X2,

X23, acids, /X39 re r_esént | arge polar am no acids, X36 represent snall
pol ar ami nolBclBECNX24, X25, X28, X31 represent basic amino - X3, X4, X8,

X12 represent hydroghoki¢ ami noxaci:gde a¥94i¥l4mino acids,
~ Xi16, X44 are small polar amino acids,
5 - X319 1s a large polar amino acid,
~ X35 1s a small or weakly hydrophobic amino acid,
- X33 1s a scarcely hydrophobic or small amino acid,
said substitutions being such that:
- at least one of X;, Xi7, X21, X43 1is a basic or
10 polar, advantageously a large polar, amino acid
and/or
- at least one of amino acids Xis, X44 1S a basic
amino acid or a large polar amino acid, and/or
- Xi9 1is a basic amino acid, and/or
15 - at least one of amino acids X3¢, X3g 1s a strongly
hydrophobic amino acid,
and in which, the other amino acids (X) have the
following meanings:
- Xi13, X37, X39 represent large polar amino acids,
20 - Xe¢, X15, X3¢ represent small polar amino acids,
~ Xz, X3, X2, X25, X28, X31 represent basic amino
acids,
- X3, X4, Xg, X1, represent hydrophobic amino acids,
- ¥Xg, X1a, X27, X35, Xa1 represent aromatic
25 hydrophobic amino acids,
- X5, Xi0, Xi11, X20, X25, X9, X309, X33 represent small
amino acids,
- Cy, Cis, Cz2, C32, Ca4o, Ciy2 represent cysteines.
Therefore, in the peptides of the invention of

30 formula (I), when:



X27, X35, X41 represent aromatic 25 hydrophobic am no acids, - X5, X10,
X11, X20, X25, X29, X30, X33 represent small amno acids, - C7, Cl8, C22,
C32, C40, CA2 represent cysteines. Therefore, in the peptides of the
invention of 30 forpnula (1), when: WD 02/ 06324 8 PCT/FRgl/ ié€4 - all or
part of X1,"X192/%©424x43 is not a basi® or polar, agva F%g s19%a large
polar, amno acid it is or they are an acidic amno acid or acids, - al

or part of X16, X44 is not or basic or large 5 polar amno acid, it is or
they are a smal | -palldr cxmpeort acf d¥X; - %49 iX$:n0X4sa ilsasiak arilbasacidy it is
a large polar. amng acid, - X36 is_not a strongly hydrophobjc am no acid,
it 10 is aPShdFt BfVeRLREEPYShYdPopREHFC Patiae zf%‘fld‘yo -acg)éég 15 hdt 4

strongly hygdnophobiCagmh 89486 Snihd absdacsCcakegky hydrophobic or small
acid. The peptides of the invention have the CSa(3 structure of

hel i onyci n si nce-t kd lsubbst benti ofs ¥e, n8t« 1% ROhcOrn kA peslaergeCls,
C22, C32, 40,_.¢A2. .One fi.rst .preferred u f _peptides rding.to the
inventig% i%o%%g é?&ﬁg Fﬁlﬁﬁiéﬁ{a glégngéﬁeBg §£,£ﬁ§§§,p§£§9ighgggasic or
pol ar, advaatageously a large polar, 20 amno acid, and X21 is an acidic
amno acid able to set, up ion bonds with at |east one of _X23, X24 and X25
which are basi c-afitol Biciels. 2 TRREEC hBRURC af € 8bl &Ft St ak&2pEPt POLATt he
stabilisatignigf LheqCSa(3 structure of the peptides of the invention.

- X35 1s not a strongly hydrophobic amino acid, it
10 is a small or scarcely hydrophobic amino acid,
- Xsg 1s not a strongly hydrophobic amino acid, it
is a scarcely hydrophobic or small acid.
The peptides of the invention have the CSaP
structure of heliomycin since the substitutions do not

15 concern cysteines Cy, Cig, C22, Cz2, Cao, Ci2.

One first preferred group of peptides according to

the invention is the group in which at least one of X,
X17, Xa3 is a basic or polar, advantageously a large polar,

20 amino acid, and X;; is an acidic amino acid able to set
up ion bonds with at least one of X3, X4 and Xzs which

are basic amino acids. These bonds are able to take part
in the stabilisation of the CSapf structure of the

peptides of the invention.

25
A second preferred group of peptides according to
the invention is the group in which at least one of Xsg
and Xss 1s a non-aromatic strongly hydrophobic amino acid.
30 A third preferred group of peptides according to the

invention is the group in which X;; 1s asparagine or

arginine, X43 is glutamic acid and in which:



25 A second preferred group of peptides according to the invention is the
group in which at least one of ' X36 and X38 is a non-aromatic strongly

hydr ophobic anmino acid. 30 Athird preferred group of peptides according to
the invention is the group in which X17 is asparagi ne or gr igi ”f’ X43 is
gl utam c ac¥@ 8adOP32%hhi ch: WD 02/ 06324929 PCT/ FRO1/ 0248%/ FR kg% +8%] euci ne
or isoleucine, and/or - X19 is arginine, and/or - X16 is arginine. A
fourth preferred group of peptides according to 5 the invention is the
group in which X17 X;s Bspegid¢inaced,isc¥aucsngl wWraicracid and in which: -
X36 is leucine or isoleucine, and/or - X19 is arginine, and/or - X16 is
argi nine, 10 A fTftho pteferIEURF oS OPept i des according to the

invention is the_grqQup;dn, WM gimed3 is glutamne, X17 is asparagines, and
in which: - X36 is l'eucine or isoleucine, and/or - X19 is arginine. 15 A
sixth preferred }rdoprsh peptferescdcgsrdbngt opehréidesvart¢oiding t Be group

aroup of® pepPF bl SbEbPl: i T8 ERETnadntiich &t nb® g SEBe FhCwAr R X431 s
gl utam ne, XL7is2@1ugadspanidial aeidd ianeihiiehwhi ch: - X1 is asparagi ne,
and/or - X36 is I_euc)i( neigr lgﬁgliggciogeiso'{gscggy O\A\n'nggorrreani ngs are given:
36 ’
- Xi9 is arginine, and/or
- X1 is arginine,

10 A fifth preferred group of peptides according to the
invention is the group in which X43 is glutamine, X;; is
asparagines, and in which:

~ X35 is leucine or isoleucine, and/or
- Xi9 1s arginine.

15 A sixth preferred group of peptides according to the
invention is the group in which X3 is glutamine and Xis
is aspartic acid.

A seventh preferred group of peptides according to
the invention is the group in which X,3 is glutamine, Xi
20 is aspartic acid and in which:
- X; is asparagine, and/or
- X35 18 leucine or isoleucine.
The following meanings are given:
- Basic amino acids: arginine, lysine or histidine.
25 - Hydrophobic amino acids:
non-aromatic: methionine, valine, leucine,
isoleucine, on the understanding that leucine
and isoleucine are strongly hydrophobic amino
acids, and methionine and valine are scarcely
30 hydrophobic amino acids,
aromaticf phenylalanine, tyrosine or tryptophan

which are strongly hydrophobic amino acids,



- Basic am no acids: arginine, lysine or histidine. 25 - Hydrophobic am no

acids: non-aromatic: nethionine, valine, |eucine, isoleucine, on the

understanding that |leucine and isoleucine are strongly hydrophobic am no

acids, and nethionine and valine are scarcely 30 hydrophobi c_an no acids,
PGF LFRY1 Qg 4

aromatic: pheny?aPed?te, tyrosine or trhfptophan which FRPt
hydr ophobi ¢ am no acids, WO 02/06324 10 PCT/ FRO1/ 02164 - acidic am no

acids: aspartic acid or glutamc acid, - large polar am no acids,
gl utam ne or aspar agiind,c amimel | apbtar aaspwriace dsacisker ome giuthméoni ne, 5
- polar amno acids: small and | arge polar amno acids, - small am no

aci ds: glycine or A4sirne. The peptides of the invention may be prepared

by chem cal synthesizs - QARG i i@ROIRERId NG 14T nel Ot eEp AR el |
known to persons skill'ed in the art. Three types of mutations i'n particular

were generated: —- sa@ldi ed@AmMEmEHGUR il rsEHidce @y hFsringy no aci ds,

such as pl. mutati %rlsart Oafﬁ‘%ﬂb %SCDZIJS :t Osm%?lASar}id G%g%%et .%OG_LJE‘ gﬂgnb polar,
preferably | arge pé1ar, am no-adids Swer 8 repl aced by Basi‘c am no acrds,

such as the nutatiz@isixpf Asnl3 to Arg, Serl6 to Arg, Asnl7 to Arg (Ardl),
Asnl 9 to Arg, Th£4iﬁg%fwg%ino acids: glycine or alanine.
The peptides of the invention may be prepared
by chemical synthesis or genetic engineering using
10 techniques well known to persons skilled in the art.
Three types of mutations in particular were
generated:
- acidic amino acids were replaced by polar amino
acids, such as Aspl mutations to Asn, Aspl7 to
15 Asn, Glu43 to Gln, and
- polar, preferably large polar, amino acids were
replaced by basic amino acids, such as the
mutations of Asnl3 to Arg, Serl6 to Arg, Asnl7 to
Arg (Ardl), Asnl9 to Arg, Thr44 to Arg.
20 - mutations tending to increase hydrophobicity were

also generated, such as the mutations Glyl0 to

Leu, Ala36 to Leu or Ile and Val38 to Ile.

Preferred peptides derived from heliomycin according

25 to the invention have the following amino acid sequences:



20 - nutations tending to increase hydrophobicity were also generated,
such as the nutations GylOto Leu, Ala36 to Leu or Ile and Val38 to Ile.
Preferred peptides derived from heliomycin according 25 to the i nvent i on

have the following am no acid sequences: WO 02/06324 11 P 16
Helio : PSR T SDONGECKRRGYKCCHAGSPANVNCVWCET PAF AFR 65{?@%&383 PENBS
pEMA3 pEMA2 pEMA4 p M2 pEM23 pn25 p 4 pEM/ pEM21 pEM39

pEMB1  pEMB2  DKLI GSCVUOGAVNYTSNCNAECKRRGYKGGHOGSFANVNCWCET
X4sCV' WGAVNYTSDCNEEEMRGY KEEG RSB REPFNCHRE R R KGGHCES FANVNCIWCET

CVVGAVNYTSOCNGE K(

RROYROGX OGS ANVNCEET G%?
DKLI GSC' VVGAVNY T SPigds FECHN
DKL GSCVWGAVNYTSDCNGECKRRE

GXCGSFANI NCWCET PEMB&S
PEM43 : DKLIGSCVWGAVNYTTDCNGECKRRGYRGGHCGSFANVNCWCET
pEM42 : DRLIGSCVWGAVNYTRDCMGECKRRGYRGCHCGSFANVNCWCET
pEMA4 : DRLIGSCVWGAVNYTSDCRGECKRREYKGGHCGSFANVNCWCET
PEM22 : DRLIGSCVWGAVNYTSDCNGECKRRGYRGGHCGSEINVNCWCET
PEM23 : DELIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANINCWCET
PEM25 : DKLIGSCVWCAVNYTSDCNGECKRRGYRGGHCGSELNVNCWCET

DUNGECKRRGYKGGHCGSFANVNCWCET
YRGGHCGSFI N\/NCV\CET DKL GSCVWGAVNYTSDMGECKRRWY P

PEM24 : DRLIGSCVWGAVNYTYDCNGECKRRGYRGGHCGSFLNINCWCET
pEM7 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCER
pEM21 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCQT
PEM3¢ : NKLIGSCUWGAVNYTSDCNGECKRRGYRGGHCGSFANVNCWCQT
DEM61 : NRLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFLNVNCWOQT

PEM62 : NEXLIGSCVWGAVNYTSDCNGECKRRGYRGGEHCGSFINVNCWCHT

Preferred peptides derived from Ardl according to

5 the invention have the following amino acid sequences:

ardl : DELIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCET
PEMAO : NELYGSCVWCAVNYTSNCNABCKRRGYRGGHCGSFANVNCWCET



DKLI GSCVWGAVNYTSDCXGEC PGYX( 3GHCGSFLNI NCWCET DKL GSCVWGAVNYTSDCNGECKRK
GGHCGSPANVNCWCER b TCL SGSCVWGAVNXT SCCNGECKRRGYKGGHCGSI ' p i OV' S+i CWCQT

NM GSCVW\GAI MSDCNGECKRRGYKGGHCGSPANVNCWCQT

N~t LZGSCVWGAVNYTSDC~VGECKRI ~GYI t GGHCGSFLD7VNC 7CQ 1

LI GSCVWGAVNHE SBORNERKRRGYKGGHCGSFI NVNC@. QT Preferr eﬁc};}éﬁlﬁﬁ) 462464 i ved
fromArdl according to 5 the invention have the followi ng am no acid
sequences: rix L DKLIGSCVMQAVNXTSNCICAECKRRGNKGEHCESP | ZWNCWCET pEMD O
L M. SGSCVMOAEHSTENCIAAGKRRGVRGEATETE FERRYRBCYIEEBRVVINAWCHLCT/ FRO1/ 02164
PEVBO : DKLI GSCVWGAVNYTRNCNVO) C

DKLI GSCVM ] PERRGy TSRIENARER MR i B RRGRR 5 FrgeicEr > ©

DKL| @W CERR A SR RAGHRAESREC Hcgawﬁm@xcm
DKLYGSC SN C VRRNGGHCGSFAIITVNCWCET

DKLI GS % TSN CECDEIRA GPIENBEANVNCWCET
DKLI GSOVVIGAVRVTSLI CNAECKRRGYKGEHOGSFANI NOVCET . pEENBA: DTCL ZGSCWAC,
AVNYTSNChARCRIRIZ ¢ WROEGECUNFRANM KRS AR CRRRGYES GHCG SF LNVNCHCET

DKLI GSCVWGAVNY" Y SN CGHOGSE,
DKL| GSCVV\GAHW%%NO@%\IA | Wi&;mwcm

DKL : COSCVW AN SX GRA G RRREA OO SEH A AR CORRBFENINEHCEBSCVVGAY
TSNCNAECKRRGYAGGMOGSFL' NVNCWOQT — pEVA7
DKL | GSCVW\GARENT SNCNECERSWCEENT SR RABER RS KGR FLNVNCWCRT

DKL GSCVYWEAVNYTSNCNAECKRRGYK Eﬁ%NV%A
NYT SNCNAECKRIREY K GeHeES %\)MMWGGW&
Di {L: C(35 ] oYy ARV

DRS, IGSC\/\CIK\LWYT ] EF?EI\/BS CWEER

DI { LI GSCVi nhidulsBE RTHAECKRRIDRCEHIS SRWNCNSET al so concer ns

functi onal equiéalenié’%of”thé gbove 8@3(§3§F§ﬁiﬁﬁﬁﬁﬂﬁﬁﬁmmaﬁﬁ exanpl e, be 5

fragnments oREME a
PEM4S DKLIGSCVWGANNYTSNCNAECKRRGYKGGHCGSFLNVNCWCEB

PEM4? DELIGSCVWGAVNYTSNCNAECKRRGYRQEHCGSTINVNCWCER

PEMS4 ; DKLIQSCVWLAVNYTSNCNAECKRRGYKGGECGSFLNVNCWCET
PENM57 : DELIGSCVWLAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCQT
DEMSS : DKLIGSCVWLAVNYTSNCNAECKRRGYKGGHCGSTLNVNCWCQT

The invention also concerns functional equivalents

of the above peptides. These may, for example, be

5 fragments of the above peptides or modifications

resulting from post-translation processes such as glyco-

sylation or chemical modifications such as amidation,

acetylation, acylation, coupling with lipids or sugars,
coupling with nucleotides, etc..

10 The functional equivalents also comprise peptides of
the invention in which one or more amino acids are
enantiomers, diasteroisomers, natural amino acids of D
conformation, rare amino acids particularly hydroxy-
proline, methyllysine, dimethyllysine, and synthetic

15 amino acids particularly ornithine, norleucine, cyclo-



resulting frompost-translati on processes such as glyco- sylation or

chem cal nodifications such as am dation, acetylation, acylation, coupling
with lipids or sugars, coupling with nucleotides, etc.. 10 The functi onal
equi val ents al so congrise peptides of the invention in 2$ich one or nore
ani no aci dsW8r 82/8R4Ati oners, di asteroioners, naturaFCAATREBL4E748%0f D
conformation, rare am no acids particularly hydroxy- proline, nethyllysine,
di ret hyl I ysi ne, and synthetic 15 ami no acids particularly ornithine,

nor | euci ne, hexelal ¥M®iNad/ 06824 drte RGIETROEd Q264 Thexyliaventienandlso
onega- am noaci ds. The invention algo covers retroge ti,des and
retro-inver SBBEHEI YESTORRRTpEREI ABE BFTFBr MIVELEPP Hgﬁdﬁﬁso, at either one
of their N or OThéeEEFBi‘He§n@% FCRMRIaSE ONGnHf 4PES, Bt aBiBReaChes Which
do not interfere wt he structure of formula (). The i nvention evidently
covers pept pdeshdiavi hg 21t HFeetdirmdnsilormaidsst r gempresef onge eypmwore
contai nihg one a-hel.i,x and one, anti.par.al 3 stran J ol t hree

di sul fi de b?PéB%s?céﬁéhW@é¢ﬁef¥bﬁ§%ﬁﬁ¥%¥%%%§% éﬁﬁt@e %%/é#gggtpﬁg %%tations
made on thefaminG®a ac¢Ifs ath@osidveritsidn Gvikkntlle; veds p8ptddesand 44
of heliomycin, and the antifungal activity of the peptides obtained on C
al bi cans (Chavindnd 3. FOEP§afIBePALPRRL Tabt At Wusi t Pén161 61636884344

rel i omyci nDSNSNAVETAGH | 48 Y o AP SG Anb REMBTa 0211 BEVGE TLE,REMIS

RO. 5<<<1
joined by three disulfide bridges, such as heliomycin.

10 Table 1 below gives the mutations made on the amino
acids at positions 1, 6, 13, 16, 19, 36, 38, 43 and 44 of
heliomycin, and the antifungal activity of the peptides

obtained on C. albicans (C.a.) and A. fumigatus (A.f.).

Table 1
Position 1 6 13 |16 |19 |36 |38 |43 |44
Heliomycin D S N S N A \Y% E T Activity’
Mutants C.a. | A.£.
pEM37 N 2 -
pEM38 T 1 1
PEM45 R 0.5 <<<1
pEM43 T 1 2
pEM42 R 8 1
pEM44 R 8 2
PEM22 I 1-2 4-8
PEM23 ' I 1 2
pEM25 L 10 6
pEM24 L I 4 8
pPEM7 R 4-8 1
pEM21 Q 2 10-20
PEM39 N Q 2 4-8
pEM61 N L Q 5-10 3-6
pEM62 N I o) 3-6 2-4

15 7 relative activity in relation to heliomycin



pEMA3 T12 pEMA2 R81 pEMA4 R82 pEMR2 | 1-24-8 pEMR3 |12 pEMR5 L106 pEMR4 LI 48
pEM/ R4-81 pEMR21 (QR10-20 pEMB9 NQR24-8 pEM61 NL(QG- 103-6 pEMB2 Nl B-62-4 15
+ relative activity in relation to helionycin WO 02/ 06324 14 PCT/ FROL/ 02164
Tabl e 2 bel ow gi ves_the nmutati ons nmade on the am no acids itions 1
10, 16, 17,qu82g%§3%@, 43 and 44 of tie Ardl peptid%@Tgﬂ%giﬁggiﬁ%ifungal
activity of the peptides obtained on C. albicans (C. a.) and A fum gatus
5 (Af.). Table 2 Positionl11016171936384344 Ardl DGSNNAVET Activity+
Mut ant sC. a. A. f. MO A2hepbivbqiRés2theEbf atli-c2 SngulVbdh R1IRQ Oabi p&Vb 1l
R2-41 pENBZaé%&spEQB%OE%%i%EQB ,LHﬁﬁ 16, 17, 19, 36, 38, 43 and 44

of the Ardl peptide, and the antifungal activity of the

peptides obtained on C. albicans (C.a.) and A. fumigatus

5 (A.£.).
Table 2

Position 1 10 |16 (17 |19 |36 |38 |43 |44

Ardl D | |s v |n [a jv [ T Activity®

Mutants C.a. |A.f.

PEM40 N 2 1

PEM50 R 1-2 1

PEM56 L 12 | 0.5

PEM52 R 1-2 | 0.5
PEM51 R 2-4
PEM32 I

pEM33 I

pEM34 L | I

PEM35 L

pEM31 Q

> [\S) 1N i [l =
XS]
I
1.9

pEM30 R
Q 4-8 6-8
2-4 8
6-12 | 1-2

PEM46

pEM47

pEM48
pEM49

Hf = B H| P

pEM54 L
pEMS57 L Q 1 8
PEM55 L L Q 1-2 2-7

+ relative activity in relation to Ardl

The different mutants were produced in S. cerevisige
10 yeast, HPLC purified and their antifungal activity (C.
albicans and A. fumigatus) was compared with that of

heliomycin or the Ardl peptide.



PEMBS L42-4 pEMB1 R4-8 pEMBO R40.5-1 PEMA6 LQ4-86-8 pEMA7 | Q2-48 pEMAS
LR6- 121-2 pEMA9 | R31-2 pEMb4 LL11 pEMb7 LQL8 pEMB5 LLQL-22-7 + relative
activitysin relation to Ardl The different nmutants were produced in S.

cerevisiae 10 east HPLC purified and their anti fun M’.i/
al bi cans an® 208344t us) was conpared3with that of %@(F%%Z 8% the

Ardl peptide. WO 02/06324 15 PCT/FRO1/ 02164 Tables 1 and 2 above show a
gain in activity on at |least one of the two tested fungi for all nutants
with increased Paisiésve ehar ge afbddetsmoxexaegaiinnimf adeiAsry 48 atitant to

Arg (pEMAS). The ot her nut ants are all ocal i hydr hilic,|egions.
The maj ori t ¥edFE nBRENtE  HAS e WA Hestas aJE"En‘th o6n aiub‘f%a?% K’SEP%G to

Arg, Asnl7;tor&hge§AbEL) £ 1 HSNEX £ ANEh t T hEAS EQcébghon.Qﬂﬁ tisd NALR

nmutation (Glu4d3 to @ n) provided a si gnl fi cantlé substantial gain in
activity onlA Iriurrﬁrg'at 1119 Apg Cotiét4liing The motheromeutants i gaceaselin

Dy OPRaP chbha 1 BEa ChA"ESqPhoR £8 L2okEHs (PENE Ra0bYESy bECRRER ORI D "

activit br2ans a um a Thé u I ons eu and
Val 38 to || ratieve ntreaSegni écaaﬁitng fect con d1ei @nis f ypgall6aaid viakry, of 15

hel i onycin and_Ardl .

Asnl7 to Arg (Ardl), Asnl9 to Arg, Thr44 to Arg). One
single mutation (Glu43 to Gln) provided a significantly
substantial gain in activity on A. fumigatus.

10 Concerning the mutations with increase in
hydrophobicity, the change of Ala36 to Leu (pEM35) gives
the best gain in activity on C. albicans and A. fumigatus.
The mutations Glyl0 to Leu and Val38 to Ile have no
significant effect on the antifungal activity of

15 heliomycin and Ardl.

The mutants with the most active increase in
hydrophobicity were associated with the mutants with
increased charge. Cumulative effects were hence observed.

The subject of the invention is also the use of the

20 above peptides to prevent or treat a fungal and/or
bacterial infection both in man and animal and in plants.
The subject of the invention is therefore a composition,
more particularly an antifungal and/or antibacterial
pharmaceutical composition, containing as active

25 ingredient at least one peptide as previously defined,
advantageously associated in said composition with an
acceptable vehicle.

The vehicle is chosen in relation to the type of
application of the composition for pharmaceutical or

30 agronomical purposes.

The invention particularly concerns pharmaceutical

applications in man and animal of these peptides and
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The nutants with the nost active increase in hydrophobicity were
associated with the nutants with 1increased charge. Cunul ative effects were
henge observed. The subject of the invention is also the use of the 20
above pepti des revent or treat a fungal and/or bactzrial infgction

t
both in nanW%nﬁzg%g%%ﬂ and in plants. he subject of PthEFRAVENEIBA is

therefore a conposition, nore particularly an antifungal and/or

anti bacterial pharmaceutical conposition, containing as active 25

i ngredi ent abtmpeastione pepitadeiasy ptleyi casky deit ned, aladvanbageons!y
associated in said conpposition wth an_ acce taale vehicle. , The vehicle is
chosen in r%gé?P%%l?%ltﬁQPQQSét&PnSapﬁWF%aP?gEl £St R oHposVEBRIPBY

phar maceuticgh ge L_%%dagicpn@mc@ak)lQHEBQ%%%-is-Eﬁ%ti Ve | 98, paT t EGHLANL! Y
concerns pharnmaceutical applications in man and ani mal of these peptides

and WO 02/ 083d4baetectaFRiis0ase4incpapbiruilons ©bAt AinPhAgenhedsmARt but it
al so concern ronom cal _.applicatio . The .des i ntion can
o Raksroml i 8 S0 L 0o PRRLESS iy 1B uINE Y

be used resi’s seéase, ftungal ™ and i sease
in particul pranfseahi resfienhati ngaanbiof bhi peaanriee eal cappbisdiatban
consi sts of apglying to plants an efficient quantity of peptides. or
conposi t i onCORBALALATNg thife IARE- A BecS/EBRboA imgnt hiQt a§Péfoni cal

applicationaé?ﬁﬁ%ﬁ&éan éﬁﬁﬂﬁﬁéHfﬁﬂﬂJcBhgﬁkégcefks-6Féﬂ¥f3¥ﬁid@ tBignpucleic

aci d sequenc e to 10 'express the pepti of the invention so as to
impart di seasésresi spapoest ovitie pl amtsle &r hercigdvaagagesearable to

?gﬁ{gﬂlﬁd&i Sé%{%?egé ttrhee ipg\lrl)%ri]tdieonofl\'i Itlhebei:r(?‘r”rgngjt_)ggresrg QQ rteoadkﬂgagrlae
disease resistance to the plants.

Other advantages and characteristics of the
invention will become apparent on reading the following
examples concerning the preparation of the Ardl peptide

15 and analogues of Theliomycin and Ardl, and their
antifungal activity, with reference to the appended
drawings in which:

- figure 1 shows the hydrophobicity profile of the

Heliomycin peptide using Kyte and Doolittle’s
20 method (1982, J. Mol. Biol., 157, 105-132);
- figure 2 shows the activities (survival rate
relative to post-infection days) of the peptides
Heliomycin and Ardl in the infection model with
disseminated Candida albicans;
25 - figure 3 shows the activities (morbidity scores
relative to post-infection days) of the
Heliomycin and Ardl peptides in the infection
model with disseminated Candida albicans;

- figure 4 shows the activities (survival rate in

30 relation to post-infection days) of the peptides
pEM24, pEM30, pEM31 and pEM35 in the infection

model with disseminated Candida albicans;



exanpl es concerning the preparation of the Ardl peptide 15 and anal ogues of
hel i omycin and Ardl, and their antifungal activity, wth reference to the
appended: dramﬁngs in which: - figure 1 shows the hydrophobicity profil e of

th Hel i tid Kyt d Doolittl th . J.
NbF. Bio:O @5@ qu Ii§2$5|?gf|éu$ea2 §ﬂoasltheea§t|vP@ ERﬁgﬁééfgil rate

relative to post-lnfectlon days) of the peptides Heliomycin and Ardl in
the infection nodel with dissem nated Candi da al bicans; 25 - figure 3
shows the activiti esourer bb dishpwscotrles acelaticvest o(mostidintfecstonedays) of
the Helionycin and Ardl peptides in the inf ctlon el with d| em nat ed
Candi da al bi cans; lWigﬁﬁi%éb%%omEothBOéétﬂﬁ 5§°Psufgﬂﬁﬁ r%ﬁe € 30

relation to post-i nfeabidy d W) 40f d;gmgcpeptpm RENP4EwEdBQA, PENBL and
PEMB5 in the infection nDde mntﬁ i sseni nat ed Candi da al bi cans; WO

02/ 06324 17 PCT/ FRAysEMmgmnated |C‘gmcél® s artse labﬁeiqmqnegnqdﬁd{ bi di ty
scores i n relation

pEM31 ard PEM35 |ni%ﬁ% ngsggkgﬁéiggl agg%égit% %%Q%H@%ﬁ PR RENBO

|cans infection nodel ; 5 -
figure 6 shows thenmﬂauﬂdnexb(ﬁusv+yafecahen|mayselaﬁiomhéOpppsudesfect|on

days) of the peptides pEMI1 EMBS EMA6 and ENBl n the di ssem nated
Candi da al bi cans i mettliorP | ; pEM%?gﬂ? RENR m&ntﬁb e gt Pyrpiaate ed

(norbidity scores A0 dihd el B8ihd o dRsicidH eddan days) of the peptides
pEMB1, pEMB5, pEMA6 an dpEMbl in the

- figure 7 shows the activities (morbidity scores

10 in relation to post-infection days) of the
peptides pEM31, pEM35, pEM46 an dpEM51 in the
disseminated Candida albicans infection model;

- figure 8 shows the activities (survival rate in
relation to post-infection days) of the pEM35

15 peptide in the disseminated Candida albicans
infection model;

- figure 9 shows the activities (survival rate
relative to post-infection days) of the pEM35 and
pEM51 peptides in the disseminated Scedosporium

20 inflatum infection model;

- figure 10 shows the activities (morbidity rate
relative to post-infection days) of the pEM35 and
pEM51 peptides in the disseminated Scedosporium
inflatum infection model;

25 - figure 11 shows weight changes in relation to
time 1in healthy mice treated with the pEM51
peptide;

- figure 12 shows weight changes 1in relation to
time in healthy mice treated with the pEM35 and

30 PEM51 peptides;



di ssem nat ed Candi da al bi cans infection nodel; - figure 8 shows the
activities (survival rate in relation to post-infection days) of the pEM35
15 peptide in the dissem nated Candi da al bicans infection nodel; - figure
9 shows the activities (survival rate relative to posi-inf [ ys) of
the pEMB5 afid OpERB4Z2Hepti des in the dilSseni nated Sce%%gzggﬁiﬁggbg?nflatum
infection nodel; - figure 10 shows the activities (norbidity rate relative

to post-infection days) of the pEMB5 and pEMb1l peptides in the
di ssemi nat ed Scedosqa'm}dmm 1B nfdratwem thé e diurani gt k25etitisgm@ theshows

wei ght changes in r i on in healthy mce t h t he pEMb1
peptide; - figure P%N@r? %\&%fec% (ge‘f’n %%P&ﬁohaf’% 8 |lﬁ R&al t hy
mce treated with tihgwkM¥y and 30 pElVEl pepti des; WO 02/ 06324 18

PCT/ FRO1/ 02164 - figure 13 shows the fungicidal kinetics of the pEM35 and

pPEMb1 pepti des agal nst Candida al bi cans | HEM 8060. 5 Exanple 1: Isolation
of Ardl : . ]

t he haenol ymmlﬂuﬁizéd damaéooﬁ tﬁ@ St dgﬁoﬁhtmhuLephdbpaeraf t he A. denophoon
Lepi doptera were imunized with two injections of 20 | PBS sol ution
containing grampositive bacteria (M luteus and S. aureus), gramnegative

bacteria (P. aerygimRafed SBAIADgical synthesis of an antifungal

substance in the haemolymph of A. demophoon.

10 Stage-4 mature larvae of the A.demophoon Lepidoptera

were immunized with two injections of 20 pl PBS solution
containing gram-positive bacteria (M. luteus and S.
aureus), gram-negative bacteria (P. aeruginosa), spores
of filamentous fungi (A. fumigatus) and yeasts (C.
15 albicans). The bacteria were prepared from cultures made
in Luria-Bertani medium for 12 hours at 37°C. The yeasts
were prepared from cultures made in Sabouraud medium for
12 hours at 30°C. The spores of A. fumigatus were taken
from stock frozen at -90°C. The animals infected in this
20 manner were kept for 24 hours on their host plant, in a
ventilated area. Before removing the haemolymph the

larvae were cooled on ice.

2) Preparation of the plasma

25 The haemolymph (approximately 160 pl per larva, for
a total number of 81 specimens) was collected by excising
an abdominal appendix and placed in 1.5 ml polypropylene
micro-centrifugation tubes cooled on ice and containing
aprotinine as protease inhibitor (20 upg/ml final

30 concentration) and phenylthiourea as melanization
inhibitor (final concentration of 40 pM). The haemolymph

(13 ml) collected from the immunized larvae was



of filamentous fungi (A fum gates) and yeasts (C. 15 al bicans). The
bacteria were prepared fromcultures nade in Luria-Bertani nmediumfor 12
hour,s at -37C. The yeasts were prepared fromcultures made i n Sabouraud
medium for 12 hours _at 30C. The spores, of A fum gates re. t from
stock frozefaP2/86€24The aninals infected in this 209932ﬁ851¢§5§2ﬁept for
24 hours on their host plant, in a ventilated area. Before renoving the
haenmol ynph the |arvae were cooled on ice. 2) Preparation of the plasma 25
The haenvol yophttappyedi meat 8300 60ph fer llarmm &or 4°& ttot atemovdetchef 81
speci nens) s collected by excisin an ahdom nal endi x_and placed in
1.5 n ponE28B9VEﬁ§' nﬁ%?%-c%ﬂ????%b%? onq?ﬁﬂbs %%%$£ AR andes

cont ai ni ng -apketiFNyBe ast prioto@aserpihi Bior ha2todhmiphf | Pake 3GE its
concentration) and phenylthiourea as nel ani zation inhibitor (final
concentrati bAcefl 40lif. "FReshasrel piph80( €3unt)lcBFPected fromthe
innunizqg | arvae was WO 02/ 06324 19 PCT/FR0O1/ 02164 centrifuged at 8000 rpm
for 1 mn at 4C to renove the henocytes. The supernatant from
centrifugati on wa$ cehasmaugetldafid2006nrpm The haenol ynph free of its
bl ood cells was stored at -8QC until use. 3) P acidification After
fast thawi ng, thefpPLsHEsst KeHdHbphbdh §S%§cfgfg$ed8?%oﬁb@°ﬁdWﬁsa 1%
(vol une/ vol ype)i$9kut ih Bfi3 tikchl uor eacetid e A Lol NEHBuBPER ibiFi ne (20
g/m 10 final concentration)) and phenylthiourea (final concentration of
40 uM . Extradtiioprobcthecpeptiide wvodenindaigd epmdittindne wafOpepidmied f or

30 m n under_, sl i ght , . .
10 final concentration)) and phenylthiourea (final

concentration of 40 uM). Extraction of the peptide under
aclid conditions was performed for 30 min under slight
shaking over an iced water bath. The extract obtained was
then centrifuged at 4°C for 30 min at 10000g.

15

4) Peptide purification

a) Prepurification by solid phase extraction

A quantity of extract equivalent to 5 ml of
haemolymph was deposited on a 2 g reverse phase carrier,

20 such as commercially available in cartridge form (Sep-

Pak™ (C18, Waters associates, equilibrated with acidified

X

water (0.05 % TFA). The hydrophilic molecules were
removed by simple washing with acidified water. Elution
of the peptide was made using a 60 & solution of
25 acetonitrile prepared in the 0.05 % TFA. The fraction
eluted with 60 % acetonitrile was vacuum dried to remove
the acetonitrile and TFA and it was then reconstituted in

0.

sterile acidified water (0.05 % TFA) before undergoing

X

the first purification step.

30 b) High Performance Liquid Chromatography (HPLC)

purification on reverse phase column.




shaki ng over an iced water bath. The extract obtained was then centr
at 4C for 30 mn at 10000g. 15 4) Peptide purification a) Prepurification
by solid.-phase extraction A quantity of extract equivalent to 5 m of
haenol ynph was deposited on a 2 g reverse phase carrier

commer ci al 1§0a04{ Pabf® in cartridge fordh (Sep PakTM CEI%T/E/éS%?@gg@ggc
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nce Li qui ofrat ogr aphy purificati

reverse phaag, cellutmon\WoaB2/02a324 2@ RET/HREIOPIGH rilst gpadientt he
fraction contai ni ng t he peptide was __anal ysed, b%/l reverse
ot b

chronatorgrth950|%|
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cul es

ied to
erile
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on on

{ P, nFeeTM

220 x 10 mmp530Q, A)y gl ML OH, WageRenfsar nBd 953 aRnacet opihktde, geadhent in
5 0.05 % TFA, from2%to 10%in 5 mnutes, then from1l0 to 25%in 30

m nut es, theéh%2%% t@0B54mi PUmbhwtees, folere BSUEL 0 MBFHLLONSPHi hdPes, for

a total dur
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nm The col keetedolilaeteansanendlyacoliodingdabseebpatiyt uhedawibh aktrapure
wat er alnod ar21%I5ysed for

15
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nm. The collected fractions were vacuum dried,
reconstituted with ultrapure water and analysed for
antifungal activity using the test described below.

- step two: the antifungal fraction eluted at 27%
acetonitrile corresponding to the peptide was analysed on

an Aquapore RP-300 Cg reverse phase analytical column

(Brownlee™, 220 x 4.6 mm, 300 A), using a diphase linear

gradient of acetonitrile of 2% to 23% in 5 min and 23 to

N

31% in 50 min in 0.05 % TFA at a constant rate of 0.8
ml/min. The fractions were collected manually following
absorbency variation at 225 nm. The collected fractions
were vacuum dried, reconstituted with ultrapure water and
their antifungal activity analysed under the conditions
described below.

- step three: the antifungal fraction containing

the peptide was purified to homogeneity on a reverse

phase Narrowbore Delta-Pak™ HPI C;3 column (Waters
Associates, 150 x 2 mm) using a diphase linear gradient
of acetonitrile from 2% to 22% in 5 min and from 22 to 30
% in 50 min in 0.05% TFA at a constant rate of 0.25

ml/min at a controlled temperature of 30°C. The

fractions were collected manually following absorbency



antifungal activity using the test described below. - step two: the
antifungal fraction eluted at 27% acetonitrile corresponding to the

pepti de was anal ysed on 15 an Aquapore RP-300 C8 reverse phase anal yti cal
colum (Brownlee TM 220 x 4 . 6 mm 300 A), using a diphase |inear

gradi ent of "Qc@2H6nPe¢4le of 2% to 23%i% 5 min and 23%%”%@%@%1@@ nmnin
0.05 % TFA at a constant rate of 0.8 m/mn. The fractions were coll ected
manual Iy following 20 absorbency variation at 225 nm The coll ected
fractions weseiyacomnadr eed, niecamsd idalflecttdd hf td ¢t bquus ewaad evaaadm t heir
antifungal activity anal ysed under the caonditions _described below. - step

three: the @RtPRundRCMSEAGGEYL ot B nifig to39d nBLpERPRER WL Sfur #Rfed to

horogenei ty: RBi 2 LRVEFSRga PhASEI NRE{ ONRRT 606l ta- Pak TM HPI C18 col um

(Waters Associates, 150"x 2 nm using a di phase |inear gradient of

acetonitrile from2%to 22%in 5 min and from22 to 30 %in 50 mn in

OSBRI SR ot I S gl LSS, e e

02/ 06324 21E§’§i&801/ 02164 variation at 225 nm The collected fractions
ried,

wer e vacuum reconstituted with filtered ultrapure water and their
antifungal activity aRari&edchscikingply MAIQLTIQE,BRSEhgPactEPTeEEYon of

the Ardl peptide. 1) quriiy aheqkiag Bu MBI IBSS SPELLEOMBAT Y
(Matrix Assisted Lasefbemmnmﬁ—r%—dr—ﬁ—r‘gm—).—ro—P

checking was perforne@ina &ALBLiJOE) Bruker Biflex mass spectronetry
eqUIpn%Q} (BrenEgﬁrg§§rngchﬁfkg was performed on MALDI-TOF Bruker

urity

Biflex mass spectrometry equipment (Bremen, Germany) in

positive linear mode (see section 3 below).

2) Determination of number of cysteines: reduction

15 and S-pyridylethylation.

The number of cysteine residues was determined on

the native peptide by reduction and S-pyridylethylation.

400 pmoles of native peptide were reduced in 40 pl of
0.5M Tris/HCl buffer, pH 7.5, containing 2mM EDTA and 6 M

20 guanidinium chloride in the presence of 2 pl of dithio-
threitol (2.2M). The reaction medium was placed in a
nitrogen atmosphere. After 60 min incubation in the dark,

2 pl of freshly distilled 4-vinylpyridine were added to

the reaction which was incubated for 10 min at 45°C in

25 the dark and in a nitrogen atmosphere. The
pyridylethylated peptide was then separated from the
constituents of the reaction medium by reverse phase

chromatography on a reverse phase Aquapore RP-300 Cg
analytical column (Brownlee™, 220 x 4.6 mm, 300 A) using

30 a linear gradient of acetonitrile in the presence of

0.05% TFA from 2 to 52% for 70 minutes.



positive |inear node (see section 3 below). 15 2) Determ nation of nunber
of cysteines: reduction and S-pyridylethylation. The nunber of cysteine
resi,dues-was determ ned on the native peptide by reduction and
S-pyridylethylation. 400 pnoles of native peptide were reduc in 40 pl of
0.5M Tris/ Baf8e?24pH 7.5, containi *d 2nmv EDTA and®®T {4591 %%%ﬁﬁinium
chloride in the presence of 2 1 of dithio- threitol (2.2M. The reaction
medi um was placed in a nitrogen atnosphere. After 60 mn incubation in the
dark, 2 | of freshiMadl stelleethidatiion pyri dime werss vwddedptddet heSreacti on

whi ch was i ncubat ed for 10 mn at, 45C |n 25 the dark and in a nitrogen
at mospher e. PYA&dY § P eehy | RRIRE e R ﬁ5§§baE£E€@_EE§nLE%e
consti tuentﬁAEBﬂ{'@Freﬂl%ts' on g versﬁtefﬁse ASINOIEY 007 2BBY on a
rever se phase Aquapu ' 4.6
mm 300 A) DssogpBhon ioneaatuoadreﬁlmefO&c@ieghtiLIe in the presence of
0.05% TEA from 2 to 52% for 70 mnutes. WO 02/ 06324 RO1/Q 4 3
Mass deter ni nat i 'OR° of T%%Slh%?m%tspep"ﬁrcﬁe Ozpyrl dyF’I%fz“Hglcgpgd %epgége anzj

pr ot eol ysedpi F agReRiaS sbys p L £ImFy magaipRentr apeishen| Matd txagsi shed
Laser Desorption ionisation - Time of Flight). 5 Mass neasurepments were

made on MALPPSTOEVEr UkéreaIBi FPex- ndsi® SHR3E r SRECEY 2edif KireRt L ABFaHER,
Ger many) 'nwxgg%gug 'H'lra ara Mdenyd; H@ﬁeu%eeetfrapéwfdé@lb@r%ean

externally a st nlxture of peptides of Known nlz, respectively
2199.5 Da, ﬁ@éﬁ.de@aeandv4890259aa5 The 2046 ff renndpA880cbsDae Bbe

anaIyS%Q)meagfggggg prodhé%s to be analysed were deposited on a

thin layer of oa-cyano-4-hydroxycinnamic acid crystals
obtained by fast evaporation of a solution saturated in
acetone. After drying in a slight vacuum the samples were
washed in a drop of 0.1% trifluoroacetic acid before

15 being placed in the mass spectrometer.

4) Sequencing by Edman degradation

Automatic sequencing by Edman degradation of the

native peptide, S-pyridylethylated peptide and various

20 fragments obtained after the different proteolytic
cleavage operations and detection of phenylthiohydantoin
derivatives were performed on an ABl473A sequencer

(PEApplied Biosystems Division of Perkin Elmer).

25 5) Proteolytic cleavage

Confirmation of the peptide sequence in the C-

terminal region: 200 pmoles of reduced, S-
pyridylethylated peptide were incubated in the presence

of 5 pmoles of endoproteinase-Lys-C (Acromobacter

30 protease I, specific cleavage of the lysine residues on
the C-terminal side (Takara, Otsu) following the

conditions recommended by the supplier (10 mM Tris-HCI1,



thin layer of (x-cyano-4-hydroxycinnamc acid crystals obtained by fast
evaporation of a solution saturated in acetone. After drying in a slight
vacyum t he sanples were washed in a drop of 0.1%¢trifluoroacetic acid
before 15 bein |l aced in the nass spectronmeter. 4) Sequenci Edman
degr adat i onWQ\u@gf’r&W%‘lsequenci ng by Edrfén degradati onP%%yF]ﬁéi?&%fg%
peptide, S pyridylethylated peptide and various 20 fragnments obtai ned
after the different proteolytic cleavage operations and detection of

phenyl t hi ohydant dim tlder praceves wet e0 p&l$ ofwednor?lan ABiel7 3Atspgiiegcer
(PEAppl i ed Biosystens, Division of Perkin Elnmer). 25 5) Proteolytic cleavage
Confirmati oh®f XFREEM | d“étgbqgénc Fn the @G‘)Htejr‘%l n Iralg@&in%ﬁ: 386%pnol es
of reduced, s&apytbdyhet byl-atsd Cpsa&édgpw@r@ni acubatgd bR wherpkBseace of
5 pnol es of endoprotei nase-Lys-C (Acronpobacter 30 protease |, specific

cl eavage of DéheabPykMnelRI€s; dugse oriWat hesCAseomiiadlessi ds ) Takarap) Oisu)
followi ng the  conditions recommended bg tge %uggl Ler (%8° mM Th'bs- HC1, WO
02/ 06324 232 PEFPERD19529 68N pRE0aFREPREC B eSehEBMof B20TYS TWBeAY 2B 0Af t er
stopping thg reapfd oppwi thy 1% TEA 4 he pept » denif ragenha wer eonsenatat ed by
reverse phase HPLC on a colum of Narrowbore DeltaPakTM HPI C18 type

(Wat ers Assbeinpeestuts0of 377f) The5faapmasss ghtdiaad wkracensaveedl e from

2 to 60%in_80 m i 05% TFA at r .2 m nd 1St ant
t enper at ur ebgf %D#ﬁnle‘g?r agm Tt s osﬁ%acltﬁtteogne\(/gerr}g ar?arq%/segh%by %ﬁﬁ%ﬁa%:az mass
spectronet r go2ndspbrdprgt tdetheocrespnidangfraghbatCwter senakntedgbgnt was

sequenced b}.f 10 Edman degradati on.
10 dman degradatIon.

Example 3 : Production of the Ardl peptide in 8.

cerevisiae yeast.

1) Construction of the pEM2 vector permitting

15 expression and secretion of the Ardl analog by

the yeast S. cerevisiae.

Using the heliomycin expression vector pSEA2
described by Lamberty et al. (1999, J. Biol. Chem., 274,
9320-9326), directed mutagenesis was performed by PCR to

20 modify the codons Aspl7 to Asn and Gly20 to Ala. A
fragment carrying the MFAl promoter, pre BGLZ and pro

MFal sequences and the sequence encoding heliomycin as
far as the SacIl site was amplified by PCR with the
oligonucleotides EM72 and EM89. The mutations of codons

25 17 and 20 were inserted the EM89 oligonucleotide.



Exanpl e 3 Production of the Ardl peptide in S. cerevisiae yeast. 1)
Construction of the pEM2 vector permtting 15 expression and secretion of
the Ardl .anal og by the yeast S. cerevisiae. Using the helionmycin
expressi on vector pSEA2 described by Lanberty et al. 99 .. Biol.
Chem , 274,W09@%698%%6), directed nutagénesis was per?%&%’@ﬁg%{lgﬁﬁ‘lto 20
nodi fy the codons Aspl7 to Asn and Gly20 to Ala. A fragnent carrying the
MFAlI pronoter, pre BA2 and pro Mal sequences and the sequence encodi ng
hel i onyci n @492 &l QGRANNTOCETRTATACTARAGHS@MPI'i fied by PCR with the
ol i gonucl eoti des EM/2 and ENB?I The mutations of codons 25 17 and 20 were
inserted the EMB9 ol i gonuc 86t1 de. WD 02/ 06324 24 EM72 51
GTAKATGCATGTATACTAAACTCACA 31  SaCll PCT/FR01/02164 EN39 5 TTTTTTCC GCG
GCGCTTQCACTCV\CGTTGCAGTTACT@&B' CGCGAACGTGAGCCO&&@ACGTCAA
TGA Arg ArgMasYS5CYBITITICA FERAHOFTT sGeP LBE GRETOMT ST ¥ & t7eC cC 31 -1
CA CAT CAA. CTG CCG CG 55, 18k di chgcdfs! cal @clheaR@aaahi fied fragnent
was digested with the reéstrrction enzynes Sphl and Sacl-T and cloned in
the 5 pSEA2 pl asm d di gest edriy Aty tLiys SpeeslanAlmedsariis dent 88k with
al kal i ne phosphat ase. The resultin EMP_plasm d was controlled by
restriction anal ysi 38ReF3s &gt r%cpff *ransfornation of a yeast strain S.
cerevisiae 10 by thg pEMEAR| 28@iche Thesygast strain TGY48.1 (MATa,
ura3-Asn his, pral, ~ i

Thry Tyr Aen Val Ala

The PCR-amplified fragment was digested with the
restriction enzymes SphI and SacII and cloned in the

5 pSEA2 plasmid digested with the same enzymes and treated
with alkaline phosphatase. The resulting pEM2 plasmid was

controlled by restriction analysis and sequencing.

2) Transformation of a yeast strain S. cerevisiae

10 by the pEM2 plasmid.

The yeast strain TGY48.1 (MATa, ura3-Abn his, pral,
prbl, prcl, cpsl, Reichhart at al., 1992, Invert. reprod.
Dev. 21, 15-24) was transformed using the PEM2 plasmid.
The transformants were selected on a selective YNBG

15 medium 0.5% supplemented with 0.5 % casamino acids.

Example 4: Preparation of heliomycin analogues, PpEM22,

pEM24, PEM30, pEM31, pEM34, pEM35, pEM37, pEM46 and pEM48§.

20 1) Construction of the pEM22 and pEM24 vectors.

A synthetic fragment made up of the oligonucleotides
EM25 and EM26 previously hybridised (heated to 100°C and
slow drop in temperature down to 25°C) was cloned in the

pSEA2 vector digested with BamHI and Sall (replacement of



r

prbl, prcl, cpsl, Reichhart at al., 1992, Invert. reprod. Dev. 21, 15-24)
was transforned using the PEM2 plasm d. The transformants were sel ected on
a selectitve YNBG 15 medi um 0. 5% suppl enented with 0.5 % casam no aci ds.
Exanpl e 4: Preparation of helionycin anal ogues, pEM22 EENQ? PEM3O,
pEMB1, pENBHO 632HEMB7, pEMM6 and pEMA8. 20 1) CBRE(FRR4{BA184 the
pEM22 and pEM24 vectors. A synthetic fragnment nade up of the

ol i gonucl eot i des EM25 and EM26 previously hybridised (heated to 1000C
and sl ow dtlop Bnh kenperattiie doynchoe2to@inwasad aneliomydive, PSHARZ vect or
di gested wi th BanH %nd Sal | (replaaenent of , WO 02/ 06324 2

PCT/ FRO1/ 029%%3% t B8 3L3&nPdf SH® sE§HeRte JoMihg SHEE éllicorrgE‘?W,“e‘&Bdon

Ser34 as fapspg1SEQPI COIARAindhicpeS ARG ifbnagmas BasH s @l hneont ai ns
the restriction sites Xhol and Nhel. The resulting pEGOL vector was

control | ed ByeressniltinenpESOdnalepsios arfd seeufereiirfd hpsresbriction
GATCCACTCGAGTGLTAGICG ngéuéngfgg D126 51 "_' CGACGCTA GCACTCQAGTIC, 31
nmen

Nhol X1201 n%y%?het?%dfra hHl - Sal | nade up of the previously

hybri di sed ol i gonucl eot | 8845 EMLF9 GATCCAALRCAGTOERAGGONEd i n t he pEGOL
vector. The ligation reaction was 10 dig%ﬁtﬁd with Xhol in order to renove
the plasm ds which had not inserted int Phe §Vﬁ?hetic EML19/ EML20
fragnent. The resulting pEM22 plasm d was controlled by restriction

anal ysi s and sequencing. An_identical cloning strategy was used to
construct pEM24 using th5M%§iboﬁdc?@@ﬁqgﬁﬂégﬂggﬁgﬁﬁﬁﬂgwﬂz7 and EML28. EML19
5 ' GA TCC TTC 71TT MC OTT AAC TQ TGG HgkyDAAGRGC TGA TAG G 3

A synthetic fragment BamHI-Sall made up of the
previously hybridised oligonucleotides EM119 and EM120
was cloned in the pEGOl vector. The ligation reaction was

10 digested with Xhol in order to remove the plasmids which
had not inserted into the synthetic EM119/EM120 fragment.
The resulting pEM22 plasmid was controlled by restriction
analysis and sequencing. An identical cloning strategy
was used to construct pEM24 using the oligonucleotide

15 pair EM127 and EM128.
FAM110 5'GA TCC TTC ATT AAC GTT ARC TGT T6G TGT GAA ACC TGA TAG G 3

8zr Phe Tle Asn Val Asn Cys Trp Cys Glu Thr

EM1320 5'TC GAC CTA TCA GG@T TIC ACA CCA ACR GTT AMG GTT AAT GAA G 3

EM127 8'GA T¢C TIC TTG AAC ATT AAC TGT TGG TGT GRA ACC TGA TAG G el

Ser The Leu Asn Val Asn Cys Trp Cys Glu Thr

EM128S‘TCGACCTATCAGGT'PMRCACCAACAGT‘PMTG’I‘TC&GMG3

2) Construction of the vectors pEM30, pEM31l, pEM34,
pEM35, pEM46 and pEMA48.




Sr.= Phe tie Asu Val Asn Cys Trn Cys Gu Thr W20 5 TC GAC CTA TVA &Q'
T PC ACA CCA ACA GIT AAC GIT AA' Q GAA G 31 EML27 51" TCC TTC TTG AAC ATT
AAC,TOT TGG '3'CsT GAA ACC TGA TAG G 3" Sew Phe Lsu Azn Val Asu Cys Trp
Cys Glu Thr 1241?8 5 & TTc GAC CTA TCA GG TTC ACA CCA_ACA WDOT A@g T CAA
OA 0 3 2) ®IndefYe82bn of the vectors 9EMBO, pEMBL, PEMBERVLAERAS! pEMAG
and pEMA8. WD 02/ 06324 26 PCT/FR0O1/ 02164 A synthetic fragnent nade up of
t he ol i gonucl eotides EM5 and EM26 previously hybridised (heating to 100C
and sl ow t enperat siyetlde opc domaghen 5y daasp cobbnedei alibenupEdBt vdesor
digested with_BanH and _ Sall (replacenent of the 3" end o be sequence
encodi ng Ar%M?SS%?§4E%géoﬂr$¥§o? LyaQYQFbﬂlﬁﬁ oﬁg?a?hpg E?nﬁﬂét&ca? agnent

BanHl - Sai | s¢opt didipdri@ r@Star&hi ewal tes Khot)anghdhehondhe id egnbting
PEML6 vector was controlled by restriction analysis and sequencing. 10 A
synt heti c fpBYRenecBanHlisgislkegndid tip BsfmiTheangredi busryrhyeenensedf

ol i gonuc] eofides, EML35 an 3 S { p. % . . IThe
li gati o regiégi 3 %?;é & %&E@f%%%heﬁgﬁq}%%%ﬂ h%é% %lsﬁ’lgé(gﬁvﬁllch di d
not 15 insefari riso $hepsyolet)i.c ThagmephtEbt3b/ EMaSfnentheBamdsulsailhg pEMBO

plasm d was controlled by restriction analysis and sequenc

[ng. An
i dentical cFBRFAYNEL r APEgy FeREL 164N 0P IS oY uc?dnsBEL pEVERE

(EML17/ EML18) 51 RENGA %EM@@7/&@@%89, WREMBS JEMEAQ/EMLBY) | rBEMAG -+ 18R
(EML58/ EML59), pEM48 (EML62/ EM 63). WO 02/ 06324 27 PCl/ FRO1/ 02164 EV11 /

5 GA TCC Taca&yZFiaAendvsaa@=TcingcC TOT CA& ACC TGA TAG G 3
10
A synthetic fragment BamHI-Sall made up of the
previously hybridised oligonucleotides EM135 and EM136
was cloned in the pEM16 vector. The ligation reaction was
digested with Xhol to remove the plasmids which did not
15 insert into the synthetic fragment EM135/EM136. The
resulting pEM30 plasmid was controlled by restriction
analysis and sequencing. An identical cloning strategy
was used for the constructions of pEM31 (EM117/EM118),
pEM34 (EM127/EM128), pEM35 (EM129/EM130), pEM46
20 (EM158/EM159), pEM48 (EM162/EMIG63).



3er Phe )la Asn Val A= Cys Tip Cys Olu 'rhr EML18 5"7C GAC CTA TCA GGT Tt
ACA CCA ACA OIT AAC GIT AGC GA A G 3' EMI29 5" GATCC T'L'C Wk4 AACro'r'T
MC 1'Cfr TOO TGT GAA ACC T&K TAG a 3 ' Scr Phe Lou An Val Aaa Cys Try Cys
A u Thr . EI\/[LBQ/%g TC AC CT3'. TCA GOr '3'WC PICA CCA ACA CTT_AAC OIT
CAA GAA G 3WOERE/08324 GA TCC TTC OCT AAC G "r AAC TOF/TRBLTEF16AA aGA
TGA TAG G 3' Ser Phe AlJ.a Asn V. Al gCys TrDCys Qu Ara . . EMI3 6 5' TC
CAi C CTA TCA TCT TTC ACA CCA ACA M T AAC AT AG"_ GAA G 31 EMI58 5 (A
TCC TI C wG BHG/CEPPR TS TEISFASCTEF B¢ WECFFGRTTAS A5C3rA BE(¢ PBlie Lau Asra
Val Aet+ COy-al T =P QU pre/hR T ver HALES B &S dok.4a:CTA TC. A OOT TTO ACA
CCA ACA OTT MC OTT CAA C3" W3 ' EMi 62 S aA vcc TTc TTG AAC GIT AAC
TC.ti T TGG TOT GAA A= TGA '. 1" AG ; 3 Set Phe Levu . Asn Val As Cys TTP CYs

au ap - GRS T6GAC Gl TG FRTackl G %@%Q{“Eom&QTTW®AG

3" 3) Constructl on o expr essi on vect or € expression

vector of helionycin pSEA2 , 5 directed nmutagenesis was perforned using
PCR to nodif the As codon to Asn. A fra%mant carrying the end of the
pro sequenc T KR MR EEAS BHCETR TR B 2SRRI e @S anpl i fi ed by

PCR with the oI [ gonuﬂremelxiasﬁlwa’ﬂmrtdm dybRs cihermput.ati,on of the Aspl
codon to Asn was inserted 10 in the olignucleotide EML37. WO 02/06324 28
5 PCT/ FRO1/ 02164 EMb3 5 CCTGGECAATTCCTTACCTTCCA 3' Hindlll EM37 5'

TTTTTTA ACCRIHG G A ACHGRAMr ARCAchTEe2Ald &8 Gor® canSBl &4 ASp Lys Arg
Asn Lys Leu Ile Gy The PCR-anplified fragnent was digested with the

restriction enzymes Hindlll and Sail and simultaneously cloned with a
Sphi - H nd| 'b&fﬁ%@&c&ﬁw&u& KD GAf W B 166 7T aan aca Ter mac o 3

Ser Phe Ala Asn val asn Cys Trp Cys Glu aryg

EM136 5°'TC GAC CTA TCA TCT TTC ACR CCA ACAR GIT AAC GTT AGT GAA ¢ 2

EM158 5'GAa T2C TIC TPG AAD QTT AAD TQT TEGE TET OAA ACC TGA TAG G 3

Ser Fhe Lau Asn Val Ast Cye Trp Cye 6lu The .
EM15S 5'7¢ QAC CTA TCA QOT TTG ACA CCA RGN GTT BAC T CAR GAA G 3

EM162 S'aa TCC TIC TPG AAC GTP AAC TGT TGS TGT GAA AGA TGA TAG 3 13

Ser Phe Leu Asn Val Asn Cys Trp Cys Glu Arg

EM163 5'TC gAC CTA TCA FCT TTC ACA CCA ACA GTT AARC GTT CAA GAA G 3

3) Construction of the expression vector pEM37.

From the expression vector of heliomycin pSEA2,
5 directed mutagenesis was performed using PCR to modify

the Aspl codon to Asn. A fragment carrying the end of the

pro sequence of MFal and the sequence encoding heliomycin
was amplified by PCR with the oligonucleotides EM137 and
EM53. The mutation of the Aspl codon to Asn was inserted

10 in the olignucleotide EM137.



10 the MFal pronoter, the pre sequence of BG.2 and pro sequence of M=(xl
as far as the Hndlll site in the pT&812 vector (Mchaud et al., 1996,
FEBS Lett., 395, 6- 10) digested with Sphl and Sall and treated wth

al kal i ne phosphate. The resulting pEMB7 plasm d was controlled b 15
restricti onw‘ang?{/gﬁézénd sequenci ng. BxX&nmple 5 Scr eeﬁ?rﬁéF?‘%?gzﬁéée on
hel i omyci n anal ogues. 1) Cultures The yeast clones transforned by the
expression 20 plasmds of heliomcin and its anal ogues were cultured in
selective nedium (50 mM YNBG + 0.5% casam no acid) for 72 hours under
stirring at 29C__After c i.fugi g for 30 mn at 4C the

super natants we B3ac difﬁgg&?%yghggAg&“ﬁ?%gacetic acid. 25 The supernatants
were then deposited on a revers8inddhdse 360 ny carrier Sep-Pak TM (Waters
ﬁSZOCi ﬁt es) ef’éﬂlb?m'at Q@TMﬁAhA@@iIdbfépﬁdAm?tA%h 1(% Qhc %_JTEhFA\)T- G@'@Q}G_ 3'd
ydrophid i c nol ecul es were renoyed by si washi ng wi_t acidified water.
The pept# des were eluted with a %‘b‘%%ol\sgg&%ﬁir?rz}slneg%solLﬁ]tliIolﬁ %ﬂépar ed in
the 0.05% TFA. The fraction eluted at 60% acetonitrile was vacuumdried to
WO 02/ 06324 29 PCT/ FRO1/02164, _repove the acetonitrjle and TEA and. t hen
reconstituted inTliemPQ%'O%ﬁ}SlﬁFgﬁ%%é?éra@g’le&te HAder SoIHY Bar iitdat gBﬁ 2)
PurificatiopeBYrhbghoRr @R d | Mih&TID ghaor@athgr@Mysﬁhianehn@aueqxer se
phase col um. Dependi ng upon the production |evel obtained for eac

anal ogue, tRéorgdi wilténta oPPRItHIAGIHL frggmentyupffile@ skipeFRALHANIWaAS

e L pridhat SPRorAG! CArP owh PBOTR S 220 SR 50052 A | BRCuas
sequence of MFal as far as the HindIII site in the
pTG4812 vector (Michaud et al., 1996, FEBS Lett., 385, 6-
10) digested with SphI and Sall and treated with alkaline
phosphate. The resulting pEM37 plasmid was controlled by

15 restriction analysis and sequencing.

Example 5: Screening tests made on heliomycin analogues.

1) Cultures
The vyeast «clones transformed by the expression

20 plasmids of heliomicin and its analogues were cultured in
selective medium (50 ml YNBG + 0.5% casamino acid) for 72
hours under stirring at 29°C. After centrifuging at 4000g
for 30 min at 4°C the supernatants were acidified to pH3
with acetic acid.

25 The supernatants were then deposited on a reverse
phase 360 mg carrier Sep-Pak™ (Waters Assoclates)
equilibrated with acidified water (0.05 % TFA). The
hydrophilic molecules were removed by simply washing with
acidified water. The peptides were eluted with a 60%

30 acetonitrile solution prepared in the 0.05% TFA. The

fraction eluted at 60% acetonitrile was vacuum dried to



performed on an acetonitrile gradient in 0.05% TFA from2 %to 22 %in 5
m nutes, then 22 to 40%in 30 mnutes after a 2-mnute isocratic at 22%
at g constant rate of 1.4 mi/mn. The fractions eluted between 27% and 38%
15 acetonitrile were collected manual ly foll ow ng absorbenc vari ation at
225 nm 3) @8nPE4Pe8E4anal ogue mass 1 12%f mmjority fPﬁE(FBﬁ%/QE§66iIuted 2
tinmes in 20 water acidified with 0.05% TFA and anal ysed by MALDI - TOF
mass spectronetry. The fraction whose neasured mass corresponds to
t heoreti cal remssewakevacuubhdtirellecantdd Teaonsdi theadrbyoaddingtedeiviol une
of ultrapure water _calculated as described in ,the follow n aragraph. 25
4) Quantifi (]:alfﬂiLoH-BPf’t”HgAaHéFSﬁugefSFeaEPPl€F99ln9e§’P§1§\1€8FgBBati on curve
of the sem -preparati on Aquapore RP-300 C8 colum was rmade by injecting 5,
10, 20 and 25 30 ng helionycin. Integration, calculation of areas and
sl ant were nade 8%i ngPMrlifenatidrsoft waye (.Naters) preSsywseguentliguitdhe
quanti fi5cati on of thecggl 00 i ) ﬁ. ogéogg‘zfzel gg %/ngO%{LQ%%M was
cal cul ated by aut omat REegratrof e W GHRE OB D8 ot-Féspondi ng
to the anal ogue, pgpenginghiwpeof tthy eprdactaka- upevel urdbtefiddie sampl e
after evaporation was calculated in relation tg the 5 quantification so
obt ai ned so®asht AralEEe t héhsepeidévatsntety abi ot #% i1 .o%) pre-
Anti - Candi dg i‘g?&eanss%%%r%teah%sp%fa@ |1 44521 400 gab s aeLbyLby baske 10
The anti -Can‘c“]l a al bi cans and anti-Aspergillus

chromatography on an Aquapore RP-300 Cg semi-preparation

10 column (Brownlee™, 220 x 7 mm, 300 A), elution was
performed on an acetonitrile gradient in 0.05% TFA from 2
% to 22 % in 5 minutes, then 22 to 40% in 30 minutes
after a 2-minute isocratic at 22%, at a constant rate of
1.4 ml/min. The fractions eluted between 27% and 38%
15 acetonitrile were collected manually following absorbency

variation at 225 nm.

3) Control of analogue mass

1 pl of majority fractions was diluted 2 times in
20 water acidified with 0.05% TFA and analysed by MALDI-TOF
mass spectrometry. The fraction whose measured mass
corresponds to theoretical mass was vacuum dried and
reconstituted by adding one volume of ultrapure water
calculated as described in the following paragraph.
25

4) Quantification of the analogue for activity

tests
A calibration curve of the semi-preparation Aquapore
RP-300 Cg column was made by injecting 5, 10, 20 and 25
300 mg heliomycin. Integration, calculation of areas and

slant were made wusing Millenium software (Waters) .

Subsequently, the quantification of the analogues (in pg)



fum gatus activities of the different anal ogues were assessed using a
gromh inhibition test in liquid nmedium nmade in 96-well mcroplates. The
actiwvityYof the purified peptides was tested for different dilutions of
each 15 peptid n s conpared with those of helionmycin_and, Ardl

quanti fi ed “ﬂd§?79géygane condi tions. -3Yanti- Candi da F%?EBH%/P%§§4The
activity test was nmade directly on yeasts derived froma stock frozen at
-80C, in Sabouraud nedium 20 containing 15% glycerol. The density of the
yeasts in thesst ocklwababelflustled t autrongptical idergrar ioh 0. 4£f0D ahe600

nm After slow thawi ng at rqomtenperatyre, the ast uspensi on,was
reduced by aﬁfﬁ??gﬂgfgmaﬁ’ iEOHEEEP?QHBFg f“%f%ﬁﬁl %ﬂé;qé%§ﬂ1 85H686r aud
nmedi um andtB0s!| Lffthhirse 257HE! Wdin-uwer godenesidedtha thenywed | grebr

mcrotitration plates in the presence of 10 | of sanple to be tested.
Control sanpVeBoyeE&oByst Bafiti caplguatiedi n wai chredakionf saapl ethere

repl aced. by - | ; i sterpli . C r ol y
incubat?%g %%Q%#lg%%é%?éhséﬁﬁﬁéga}%? hgopfgge%%e%%pwggléﬁg ﬁ%h?gﬁg The
sanpl es  weggntBgHbBat €dnato30G&en140 h under slight stirring and WO

02/ 06324 31 PCT/ FRO1/ 02164 the antifungal activity was quantified by
measuring optic density at 600 nm - Anti-Aspergillus fum gatus test 5 The
spor es of AsperggllusAg,nggB3§._ er |
contai ning 107 sporesfm—+fi—a gHyceto or-tt+of—A
at room tenperature, fuliégapasescwevetpl agetdsin suspension in P culture

i 2 Pot at o Dext Brot h I 1 10 1 dem neralised water
ggdbrnb%}eagh gdﬁ%%e X1é£§%gn f)a nggbgggnger anJ’ ant?—Aspergillus )

fumigatus activities of the different analogues were

assessed using a growth inhibition test in liquid medium
made in 96-well microplates. The activity of the purified
peptides was tested for different dilutions of each
15 peptide and was compared with those of heliomycin and
Ardl quantified under the same conditions.
- Anti-Candida albicans test
The activity test was made directly on yeasts
derived from a stock frozen at -80°C, in Sabouraud medium
20 containing 15% glycerol. The density of the yeasts in the
stock was adjusted to an optical density of 0.4 OD at 600
nm. After slow thawing at room temperature, the yeast
suspension was reduced by dilution to an optic density of
1 mOD at 600 nm in Sabouraud medium, and 90 pul of this

25 dilution were depdsited in the wells of microtitration
plates in the presence of 10 pl of sample to be tested.
Control samples were systematically made in which 10 pul
of sample were replaced by 10 pl of sterile water. Media
sterility was controlled by incubating 10 pl sterile

30 water 1in the presence of 90 pl of medium. The samples

were incubated at 30°C for 40 h under slight stirring and



deposited in the wells of mcrotitration plates in the presence of 90

PDB cul ture nedi um suppl enented with tetracycline (100 gg/m) and
cefotaxime (1 g/m) containing the spores (at a final concentration of
1000 15 spores/well)., Control cultures were systematically nm i.n which
10 gl of saWﬁI@zﬁﬁﬁézﬁeplaced by 10 | ofl sterile matBF?/%geﬂzggﬁéﬂility
was controlled by incubating 10 gl sterile water in the presence of 90 ¢l
of medium The sanples were incubated at 37C for 24 h to 20 48 h in a humd
at nospher e, taadahbefangafiuagalivactyi waky quaas iquadt bl/i edabyrangcopeiof 0 to
9 taking germ nation account; the size and norphol ogy of the hyphs were
det er mi ned gﬁﬁéﬁtYh@tbﬁﬁﬁcBWar m croscope. The minimal inhibiting
concentration (MC) was 4. 25 6) Control of quantification The sol utions of
pepti des used for the activity tests were systematically subjected to
quantification contrihtbyAsppegiihgsi6unigatdes HPET into a Narrowbore 30

Del t a- PackTM HPI .C18 co previ ly . i_br 1 5, d 10 g
helionygfn. The 3§%nt? éyo 6§§tﬁ%é%rétﬁgéfoegéﬁg%%%é%ﬂ%ﬁﬁﬁi/8§E2X%B
ef fecti vel yrdeposi kedcikn firbe enelalts “8as o, eadjntstied ngheriegporaegadsany for

interpretation of results. Exanple 6 : In_vivo efficacy 5 1) Method -
Candi da al bRcahs PnfELYERE PrbddiC L Wididrony2fheanFiqs SRardgde werF@test ed

for in vivo..aptirhungal gkl Whokddh v iAol addd efh edy¥biRs S8Adidappp
al bicans, lethal in mce. The pathogenic agent Candida al bicans (I HEM 8060
strai n) wascuhbtoukatredily it aveimatdPevutese i Byoyhanedidosepet 2.5 x
106 CFU nouse. the )

10 1 demineralised water). 10 pnl of each sample were

deposited in the wells of microtitration plates in the
presence of 90 pl PDB culture medium supplemented with

tetracycline (100  upg/ml) and cefotaxime (1 pg/ml)
containing the spores (at a final concentration of 1000

15 spores/well). Control cultures were systematically made

in which 10 pl of sample were replaced by 10 pl of

sterile water. Media sterility was controlled Dby

incubating 10 pl sterile water in the presence of 90 pul
of medium. The samples were incubated at 37°C for 24 h to

20 48 h in a humid atmosphere, and the antifungal activity
was quantified by a score of 0 to 9 taking germination
account; the size and morphology of the hyphs were
determined under the binocular microscope. The minimal
inhibiting concentration (MIC) was 4.

25

6) Control of quantification

The solutions of peptides used for the activity

tests were systematically subjected to quantification
control by injecting 10 pl under HPLC into a Narrowbore
30 Delta-Pack™ HPI Cj;g column previously calibrated with 2,

5, 7.5 and 10 upg heliomycin. The quantity of peptides



pepti des were adm nistered by i.v. route in 4 injections 6 h, 24 h, 48 h
and 72 h after infection. Assessnent criteria for activity were eval uation
of survival and norbidity at 7 days. The norbidity scores, which take 15
into account _general state of health (condition of fur nnbilit¥,
hydration. . ¥Ow8?€08824r mi ned for each mduse with val BEE/FBA4TAGIEFom 0 to
5 and defined below. 0 = dead, 1 = noribund, 2 =very ill, 3 =1ill, 4 =
slightly ill, 5 = healthy. The sum of the individual scores was 20
cal cul at ed &f6feeathedyouplepsidtede ofn50ther avggriaup wds l@eaddestedni ng
that all the mce were healthy, 2),CbnEari on,of the activities of Ardl and
Hel i omyci n FREPRESEaRBFAFSErY FRAFeLPEATREAEREI98 RS FERFAGSa st andard
protocol, groups of 10 Swiss OF1 nmale nmce weighing 12 g were infected
viai.v. route wth a dose of 2.5 x 106 CFU nouse. Helionycin and Ardl
wer e adni ni Erampdeb$ ¢ ¥n wéMpeeffigarHj ections, 6h, 24h, 48h and 72h
after infection.,For ept } . 2.d ed: ng/ kg and 30
ny/ kg. E)fplacebolgrou%gg\gcs)8 iang?é%am??%§6ggf¥§é§%%?§%nﬁ?d%QQ %sodi um
chloride. WO 02/ A6324m33iRPCAhEROt603640ghAppended tegueds f3radd Fivo
respectively shaow the survival rate and nnrbidi#% scores, (10 mce). in

rel ation tBRFREURARDer2GFLIBbSY - i1t et i BRABAY I EFCESH s Widhy Sapeiiga
infection mdel; co3Q0%lathal ah mdROStThE! @Gl eday: 4agdlP0 ehptiieg in the
pl acebo group were dead on the first day after infection. It was observed
that Hel i ompdbrcadsi ALEEMr 668t st@alandwas AyrkylBasdnbysiighirkiveanusef f ect

on Sur O SRR, 51 VO BB ES 20 o APE VR oL Ve 10
peptides were administered by i.v. route in 4 injections
6 h, 24 h, 48 h and 72 h after infection. Assessment
criteria for activity were evaluation of survival and
morbidity at 7 days. The morbidity scores, which take
15 into account general state of health (condition of fur,
mobility, hydration..) were determined for each mouse
with values ranging from 0 to 5 and defined below: 0 =
dead, 1 = moribund, 2 = very ill, 3 = ill, 4 = slightly
111, 5 = healthy. The sum of the individual scores was

20 calculated for each group, a score of 50 for a group of

10 mice meaning that all the mice were healthy.

2) Comparison of the activities of Ardl and

Heliomycin in the candidiasis infected model.

25 Following a standard protocol, groups of 10 Swiss
OF1 male mice weighing 12 g were infected via i.v. route
with a dose of 2.5 x 10° CFU/mouse. Heliomycin and Ardl
were administered by i.v. route in 4 injections, 6h, 24h,
48h and 72h after infection. For each peptide, 2 doses

30 were tested: 10 mg/kg and 30 mg/kg. A placebo group was

injected with peptide solvent, 0.9 %sodium chloride.



T

the groups treated with doses of 10 and 30 ng/kg Helionycin respectively,
at 48 h and 60 h after infection, and the norbidity scores were 0/50 and
5/50 at day 7. Under these conditions, the Ardl peptide 15 adm nistered at
t he dose of 30 ny/ el ayed the onset of the first death by 24 h. 5 mce
out of 10 mﬂ$e02?9%829alive on day 7 with a nDrbiditypggéFgogfoiéﬁéo.
Conparison of the survival curves (Meier-Kaplan) using the |ogrank
statistical test led to finding a significant 20 difference between the

pl acebo group anippéededoupigireat e wirtdh Ar dlreaped®igeky (pEOw00the Ardl

adm ni stered at.the dose of 10 /kg did not nmke it possible_to inprove
survi val anﬁuﬁgh%?ilra 8n8P@i5ﬁg%F ¢ MAFeSH0hbiMbsee bRi A§LAEAAN2 days

25 after intecth®@nmumdeofPaRbsON:i REctREoACHLYELT €S of Ardl and the
anal ogues pEM24, pEMBO, pEMB1 and pEM35 in the candidiasis infected nodel.

30 Appended fi gufestBiandesyr especei vielfeadhion tirdelsurld%ul lethel and

norbidity s S 1 ce) d.n relagpon t-pnfecti days. WO 02/ 06324
34 PCT/ lymlﬁgéﬁehﬁéigﬁg}ﬁﬁs dé"%’pe‘fﬁ népﬁ ‘ﬁfﬁmg%%?é;t L0t e geie qrpwe
2.5.106 CFUlepaseécadsohOthéethattatlagayfbernihhecgionp which received

pl acebo treatnment. The first deaths  occurred on post-infection day 2.5 and
medi an nortality's YEEurAREFIEDosret niedtPBNCRy asinind sfgrer at nilfe were

alive and t hgqmabbindi/ky $6QF &iol N i3hi Aldint &l £ fo dOSEn Oéuﬂ"{;"?gi kggardel ays
the onset of the first death by 1.5 days. 8 mce were stlf al 1ve on post-
i nocul ati oneday “thoteh sthei valrees vengasapdways above the relative

10 curve of the placebo group. Median mortality occurred in
the groups treated with doses of 10 and 30 mg/kg
Heliomycin respectively, at 48 h and 60 h after infection,
and the morbidity scores were 0/50 and 5/50 at day 7.

Under these conditions, the Ardl peptide

15 administered at the dose of 30 mg/kg delayed the onset of
the first death by 24 h. 5 mice out of 10 were still
alive on day 7 with a morbidity score of 16/50.
Comparison of the survival curves (Meier-Kaplan) using
the logrank statistical test led to finding a significant

20 difference between the placebo group and the group
treated with Ardl at 30mg/kg (p<0.001).

Ardl administered at the dose of 10 mg/kg did not
make it ©possible to improve survival and general
condition of the mice, 50% of mice being dead 2 days

25 after infection.

3) Comparison of the activities of Ardl and the

analogues pEM24, pEM30, pEM31l and pEM35 in the

candidiasis infected model.

30 Appended figures 4 and 5 respectively show the
survival rate and morbidity scores (10 mice) in relation

to post-infection days.



10 statistically different however fromthat of the placebo group
(p=0.2516). The four peptides tested at the dose of 10 ny/ kg, pEM24 (H5),
pEMBO (Al), pEMB1 (A2) and pEMB5 (A6), are nore active than Ardl: the tine
of onset of the ést death 15 and the nunmber of m ce aIiv? on daz 7 were
respectivel §0302489324nd 7 nice for thedgroup treat ed®Wf { RRPEMRELIEEE), 4
days and 7 mce for the group treated with peEM30 (Al), 5.5 days and 8 m ce
for the group treated with pEM31 (A2) and 7 days and 9 mce for the group
treated with pEMBS Z2hi(sA6kxp¥tiherach infodineste epbifdeshét mias pesshbl e to

mai ntain th i in_a,good general state of health for the 3 first days,
t he nor bi difyg]si@? eEFﬁJ{/‘gﬂasﬁeméer?%z ?%Bahsﬁeﬁo HY day 18 RppdredPwi t h

22/ 50 for t{eighouPecwhveR T eaGicked thelaraho. T copditiong@hthle mce
25 declined 24 h after the 4th injection. Only the group treated wth

PEMB1 mai nt @¢@edred monbinfisty igdoras idratdavas 2 - Ri givel nedarmOns0tAbLLS days.
The statd stical £ONPALT $OLOf (g UEVIyal curygs i th the, cuves Lor the

pl acebo “gr oup shows a sirgni T ircant etence £6r t He-group t¥eated with
PEMB5 wi th @1lbeéngndOtRd lmo¥B; 82£ P6324r851 PCIOFROL/ 02164 Statistica
conparison of the survival curves with those of thetﬁgacebo groug shows a
significant diffef&hcertidrdphe 9folp PPELTedIfi-akspERBLIOBRSHAGIStRRth p

A R L R L R T
activities ohogrbétand thday andl-ogudsepEMBUrvpEMBS, QENBY, pEM46 and pEMG1
10 statistically different however from that of the placebo

group (p=0.2516).

The four peptides tested at the dose of 10 mg/kg,
pEM24 (H5), pEM30 (Al), pEM31 (A2) and pEM35 (A6), are
more active than Ardl: the time of onset of the 1°% death

15 and the number of mice alive on day 7 were respectively 3
days and 7 mice for the group treated with pEM24 (H5), 4
days and 7 mice for the group treated with pEM30 (Al),
5.5 days and 8 mice for the group treated with pEM31 (A2)
and 7 days and 9 mice for the group treated with pEM35

20 (A6). With each of these peptides it was possible to
maintain the mice in a good general state of health for
the 3 first days, the morbidity scores lying between 42
and 48/50 on day 3, compared with 22/50 for the group
which received the placebo. The condition of the mice

25 declined 24 h after the 4™ injection. Only the group
treated with pEM31 maintained a morbidity score that was
higher than 40/50 for 5 days.

The statistical comparison of the survival curves
with the curves for the placebo group shows a significant

30 difference for the.group treated with pEM35 with p being
0.041.



10 adm nistered in 5 ng/mmM in the candidiasis infected nodel. Appended
figures 6 and 7 respectively show the survival rate and norbidity scores
(10.mce) inrelation to post-infection days. 15 In this experinent,

i nocul ati on_qf ' 1 mce weighin 5gwth 3.1 f i da

al bi cans inHﬁcggvbggzganrtality on dasni after infec9?825?89{ﬂg?§?oup
treated with the placebo. The first deaths occur 2.5 days after infection,
and 100 % of the mce were dead on day 20 5.5. Treatnment with Ardl and
with pEMB1 and pEMatistadal nicompead siom tdf eghie. surwijvedt i onsves whéshdose of
5 ny/ kg do not sigpificant increa use rvieval _.rel.ative t

pl acebo tregﬁﬁ%ﬁt9 r§§8v8§?CF%éa ﬁéﬁg %ﬁ?%gzé Szﬁﬁ%fég 3&3863%3F§8F§ti0n in
state of heg@bthtble tdwoup Cerestéd aimbr pEMIlY scodayofs It 8 daymgafter

i nfection, conBared with 9/50 for mce in the placebo group. At this dose,
treatnents @i PA°PEMGL and pEMB5 del ayed the onset of the 1st death by 1.5
days; nedian 30rfortalidy; ACcydied 1an L0Sbri NERET | 8L EAYSs S AWM €he
respectively for the groups treated with pEM61l and pEM35. Statistically,
anal ysi s of fbheostingi: vBEMGUr ¥epEMB5daypAM¥OD D2H06324> 36rdPCT/ FRO1/ 02164
shows a significant difference relative to the placebo group with p being
0.015 for the group treated with pEML1 and p being 0.0004 for the group

treated wth pEVGS. TBempdedSbl off atfeofadiaditi & theatae 45gatgd With
PEM35 is 5 better tha
treatnments, with a nopbhdbgyesc@EM3lemmEMItg apENE] 50pkid4 6t engopEMPAf ect i on

day 5 gﬁypared Wth aaé%?%?s%gr%%/SQn 5 mg/ml in the candidiasis

infected model.

Appended figures 6 and 7 respectively show the
survival rate and morbidity scores (10 mice) in relation
to post-infection days.

15 In this experiment, inoculation of Swiss OF1 mice
weighing 15 g with 3.10° CFU of Candida albicans induces
50 % mortality on day 4 after infection in the group
treated with the placebo. The first deaths occur 2.5 days
after infection, and 100 % of the mice were dead on day
20 5.5.

Treatment with Ardl and with pEM31 and pEM46,
administered in three i.v. injections at the dose of 5
mg/kg does not significantly increase mouse survival
relative to placebo treatment. However, treatment with

25 pEM45 delays deterioration in state of health of the mice
with a morbidity score of 31/50 3 days after infection,
compared with 9/50 for mice in the placebo group.

At this dose, treatments with pEM51 and pEM35
delayed the onset of the 1°* death by 1.5 days; median

30 mortality occurred on post-infection days 5 and 6
respectively for the groups treated with pEM51 and pEM35.

Statistically, analysis of the survival curves at day 7



for the mce who were given pEMb1 and a score of 1/50 for the mce who
received a placebo. 10 Overall, in this candidiasis infected nodel, the
anti.fungal activity of pEM35 was greater than that of pEMb1 which itself
was greater_th ctivity of pEM4G6. At the dose f [ kg, the
Ardl and pERB@B/hgségules are not eff¥tive. 15 5) K@??@Pﬁ%fg?ggﬁe pEM35
anal ogue in the candidiasis infected nodel. Appended figure 8 shows the

survival rate (10 mice) in relation to post-infection days. In this
experi ment , sh@@si moceianidhcahtt g ifieccengdea hrel L1068 €U/ hineis plaasbb0%

| ethal at day 5 and, 100% at d i in_the pl b first
deat h occur 15618 HayE B PeinFnpeltPorc? $he AePEPArreoEeny 3r8 PrMad aly
bel ow 30/ 505268550 e2thg @AY 0D DO)for2 X Hdey PEMSS: peptédewiars pERBBI. Straeed at

doses of 10 and 30 ng/kg/injection with 3 daily doses for 4 days (Ih, 5h
and 10h posgenﬁréétﬁéﬁt@nOéabee%tatOQhFh@4Wl§ﬁdt2@ﬁt@ﬁ wdahsPEM3D 3d/d 3);
that isdo il 0S o] | . a 0 kg.. y i
adninist%ai?%%tgghé%ﬁﬁé,€%%k8%gaégﬂgbﬁchOQHlelgggéh%jgﬁgéy¥% %Eggfirst
death by 4 amdaambakf,dayish faomdrdtididgsescoxan posdinivigecét oA8dag 8p a
respective yo 02/ 632@.3%.PCT/FRC&/02164 su viva% rate of 80%6 99 ﬁO@bmas
observed foF°t REFH RIS e ed N t R JSERRTHA 36 B d 200 5Rf % of ag. e mce

remai ned i nfgeodnst At eeokhBeakt-B BAth gamsi, awdt B acomer birditposgere which
remai ned above 40/50. On day 8, the 5 scores fell to 30/50. No maj or
di fference #WBE Béeg who received a placebo.

10 Overall, in this candidiasis infected model, the
antifungal activity of pEM35 was greater than that of
pEM51 which itself was greater than the activity of pEM46.
At the dose used of 5 mg/kg, the Ardl and pEM31 molecules
are not effective.

15 _

5) Activity of the pEM35 analogue in the

candidiasis infected model.

Appended figure 8 shows the survival rate (10 mice)
in relation to post-infection days. In this experiment,

20 inoculation of the mice with 2.5.10° CFU/mouse was 50%
lethal at day 5 and 100% at day 8 for mice in the placebo
group. The first death occurred 3 days after infection.
The morbidity score fell rapidly below 30/50 (25/50 at
day 2.5).

25 The pEM35 peptide was administered at doses of 10
and 30 mg/kg/injection with 3 daily doses for 4 days (1lh,
5h and 10h post-infection on day 0; at 8h, 14h and 20h on
days 1, 2 and 3); that is to say daily doses totalling 30
and 90 mg/kg.

30 With this administration schedule, pEM35 was able to
delay the onset of the first death by 4 and a half days

for both doses. On post-infection day 8, a respective



bet ween the groups treated with pEMB5 at the | ow dose of 30 ng/kg/day and
the strong dose of 90 ng/kg/day. The survival curves in relation to the
groups treated with peEM35 are statistically different fromthe 10 curve

for the plagceb [ (p < 0.001 for bo doses). 6) Method. - dosporium
i nflatum i nfGcRdoRaasl ~ Swiss OFL ni wei ghi ng 229P&EPERPH(§§EQQ by
intravenous route (i.v.) with a lethal dose of 15 Scedosporiuminflatum

(FSSP 7908 strain cultured on Malt Agar gelose for 7 days at 37C). The
infecting dessviwisl Zar®6 shoBes perd ndifsewasnjobskeedeidn foowotbeemdtel00 |

via the lateral tgil vein., Peptides M35 and .pEMb re adm.ni stered 20
cont i nuousl rﬁgltﬁé A7 ogﬁot ?@ pﬂﬂ%sggf IIBQ\/’L]F%?%‘?Y' OT%V3 | "H<Cvol une:
93 |; infusiefatiheB: #h dgysH athtd 08ZD Hudmsh (Lhewlr ad®y 9.,47%.4¢h; avol unme:

100 I'; infusion tine: 8 and half days) with intraperitoneal insertion 25
Groups of 8MPHP&ELEYd AFe&ewwhéchr gradnert RBPVRI #R/ 50a) Oa PRic8bothe. 9%

Nadl via 10 np ft he int eri¢.on . 1. nsey:td P ). D)
treat ed(?5 c) g\%\ngfﬁng%%%deﬂjve%(Z{jS?): p.ﬁcqu%odf% gi&%f%'}aegncaeo gﬁsdogggéf 30
ng/ kg for 8bdaysencaheegpongisng reataed twicdr gt #guthe biowmdpkas od

concentrati of 0. [m; 02/ 06324 PCT/ FRQ1/ 0216 8 d) wth pEM1
del i vered i gg m8§9?2835 Bﬂﬁp\/\ghﬁt Sgrf’B_SSS?BF g% ﬁgl Waﬁ‘g/gﬁydays,
correspondi ng torRe tBgevevhcal cagviki bihumBhasiBncoreenthat i groabs0. 6
g/m; e) with peEM35 delivered i.p. by 1003D punps at a

treated with pEM35 are statistically different from the

10 curve for the placebo group (p < 0.001 for both doses).

6) Method - Scedosporium inflatum infected model.

Swiss OFl mice weighing 22g were infected by
intravenous route. (1.v.) with a lethal dose of
15 Scedosporium inflatum (FSSP 7908 strain cultured on Malt
Agar gelose for 7 days at 37°C). The infecting dose was
7.10° spores per mouse, injected in a volume of 100 pl

via the lateral tail vein.
Peptides pEM35 and pEM51 were administered
20 continuously using ALZET 1003D osmotic pumps (flow rate:
0.97 pl/h; wvolume: 93 pl; infusion time: 4 days) and

1007D pumps (flow rate: 0.47 pl/h; volume: 100 ul;
infusion time: 8 and half days) with intraperitoneal
insertion
25 Groups of 8 infected mice were treated either with:
a) a placebo: 0.9% NaCl via 1007D pumps with intra-
peritoneal insertion (i.p.):
b) not treated;
c) with pEM51 delivered i.p. by 1007D pumps at a
30 dose of 30 mg/kg for 8 days, <corresponding to a

theoretical equilibrium plasma concentration of 0.3 pg/ml;



5 dose of 35 ng/kg for 4 days, corresponding to a theoretical equilibrium
pl asma concentration of 0.35 g/m. 7) Activity of the anal ogues pEM35 and
pEM61 10 delivered under continuous infusion in a scedosporiosis

i nfected nodel ended figures 9 and 10 respectively_show th survi val
rate and nDW8i9$?56§€6re (8 mice) in reldation to pos?g?zFBé%?Bﬁlééys. 15
In this nodel of invasive scedosporiosis, inoculation of a dose of 7.106
spores of Scedosporium inflatumwas 50% | ethal on post-infection day 7.
The first deat hdpociurtr edEMb15 dialyisvearzt 6 idays besped3Dvepympaf tagdr a

i nfection far t he control nﬂﬁf ggpﬁf (4nf cted, 20 non-tr&ated) and t he

pl acebo grofBSEi nP&ct 88 afMF/\i% h TR 26t ¢ ). FPPrEERDT ATt yERas?
observed on ] : - a 9 tal Lkyn0 Q for
tho. bl acebs ar5eh e LfsFaBE o Bl AHRSTBInERn R ARI LA, b 008 BV ED: oy
on and after pose)iwiftect paM3daydedl Renéd h ia pnoriby diltop 3copempor dthese two
groups of 28/ 40 an /40 on day_ 3 aqg 6/40 and 7/40 on post-infection day
7. Sigﬁ£ osoéﬁceﬁﬁal%gisnﬁBQ%%réH”bn o§?§Y%fec??Bﬁ?ﬁ%?“g?n?reﬁPneﬁt with
PEMB1 at a dpegrefidQ1nutkdifohr8undaysadRde tbnpeaskhteoho del ay the onset
of the first 30 death by 9 days. On day 20, 5 mice out of 8 were stil
alive. The porbidity score decreased on and after post- infection day 4
(28/40) corresponding to the onset of WD 02/06324 39 PCT/ FROL/ 02164 signs
of encephalitis, and stabilized at 24/40 on post- infection day 5 until
post-infection day 14a-{hgigtlat grof tnheabhRighubBe prpgsdeLgni opaked

gradual ly thereafter Wwith
10 delivered under continuous infusion in a

scedosporiosis infected model

Appended figures 9 and 10 respectively show the
survival rate and morbidity score (8 mice) in relation to
post-infection days.

15 In this model of invasive scedosporiosis,
inoculation of a dose of 7.10° spores of Scedosporium
inflatum was 50% lethal on post-infection day 7. The
first death occurred at 5 days and 6 days respectively
after infection for the control mice group (infected,

20 non-treated) and the placebo group (infected and with
Alzet pumps). 100 % mortality was observed on day 11 in
the control group and 75 % mortality on day 20 for the
placebo group. The state of health of the mice
deteriorated rapidly on and after post-infection day 3

25 with a morbidity score for these two groups of 28/40 and
34/40 on day 3 and 6/40 and 7/40 on post-infection day 7.
Signs of encephalitis occurred on post-infection day 4.

Treatment with pEM51 at a dose of 30 mg/kg for 8
days made it possible to delay the onset of the first

30 death by 9 days. On day 20, 5 mice out of 8 were still
alive. The morbidity score decreased on and after post-

infection day 4 (28/40) corresponding to the onset of



a score of 11/40 on post-infection day 20. The nortality 5 curve is
statistically different fromthose for the control and placebo groups
(logrank: p = 0.0027). Under treatnment with pEMbl at a dose of 60 ng/kg for
4 days, the onset of the first death was del ayed by 4_ d ¥s. ZO@anrtality
was observeli®oRZp8882¢nfection day 12, b that is a 55932 BBLAY21LR%r el ati on
to the contra and placebo groups. On day 20, 3 mce out of 8 were stil
alive. The norbidity score decreased as from post- infection day 5 (30/40),
correspondi afjghe blfe consgtheadfitissi , gnsndf seabephakdt s, 220 Qradupabky-fell to

a score of 15_6/40 on post-infection day_14, The nortali curve is
statisticaIF?faFFF8Peﬂ$yf%oh??ﬁgséOFBFlgﬁﬁchﬂPrgﬁyaig'lE%SCEE%tSLBSpS

(I ogrank: pnza®tR146) thbnfieret a@eéwa&a%ah?@wﬁﬁl_@y andesaretr3qifu/ kg for
4 days it was possible to delay the onset of the first 20 death by 5 days.

50% nort al i 8y seaseobserddd lorprpaxst TifkaGtoipa§an 520t hBhej Bozhadigsy del ay
relative to contr o gr On 20, no o] of 8
was still a #gg? Tﬁg ﬁ%é%?£$%§%§%§$e(%%gégéggﬁ g%%éh Qa %gr g%gt-ghFection
day 5 (28/48pntesciespandingebo theupd omsgkank:spgasoodboenmgephalitis, and
gradually fell tQ a score of 8/ 40 on Eost-infection day 15. The nortality
curve is statistPRaPFytappEReRht WiFBnPEHesedFor BRES @6nPPOMI4KE HPEcebo

groups ( |ograpkis P £hd- BhELx JM £RHES fRde! . apRNDlyadmduistRied, @t 4a dose
of 30 30 ng/kg for 8 days showed very good therapeutic efficacy 1n terns
of survival daYRe 88f mpstpaiisnwad abdeswetwrpeprast-hnfactéonngakg)llever a

et 00 %R gRR 1L SSHATCHI AP, 08 ORER 86n PEY FORY Gk " sliced the
placebo groups. On day 20, 3 mice out of 8 were still
alive. The morbidity score decreased as from post-
infection day 5 (30/40), corresponding to the onset of
signs of encephalitis, and gradually fell to a score of
15 6/40 on post-infection day 14. The mortality curve is
statistically different from those for the control and
placebo groups (logrank: p = 0.0176).
Under treatment with pEM35 at a dose of 35 mg/kg for
4 days it was possible to delay the onset of the first
20 death by 5 days. 50% mortality was observed on post-
infection day 15, that is an 8-day delay relative to the
control and placebo groups. On day 20, 1 mouse out of 8
was still alive. The morbidity score decreased on an
after post-infection day 5 (28/40) corresponding to the
25 onset of signs of ‘encephalitis, and gradually fell to a
score of 8/40 on post-infection day 15. The mortality
curve 1is statistically different from those for the
control and placebo groups ( logrank: p = 0.0177).
In this model, pEM51 administered at a dose of 30
30 mg/kg for 8 days showed very good therapeutic efficacy in
terms of survival. The administration of a dose twice as

high (60 mg/kg) over a period twice as short distinctly



4 treatnment days, the norbidity score of the group treated with the dose
of 30 ng/kg was substantially lower than in the group treated wth the
dose of 60 ng/kg. The 5 administration of a dose of 60 ng/kg for 8 days
should therefore further inprove the therapeutic effica f 1.

pPEM35 at th@od8§206§255 ng/ kg for 4 da)f‘so showed t he Esﬁﬁgﬁwegﬁﬁas pEMb1
at the dose of 60 ng/kg for 4 days. 10 The therapeutic activity of pEM35
in this Scedosporiosis nodel is therefore at |east equivalent to that of
PEMb1l. 8) Aedtieectioxhei k¥ fitcudy aff pdENMBHL arntbwdEMd, | dunicge thppénded
figures 11 and_12 show the wei ght changes, ;15 in treated healthy mce in
rel ation togt i FES2BIFThg EREF apedis ¢ “é?gji‘ THNY 5T nO(eri cg,%en éé@ﬂ?e
toxicity wagsrehsenvadtW thei BbsavVER0ESH ﬁ\gr,rkgi ghsakueBtaht iREMES 180d rPEVDL
di ssolved in 0.9% Nad, in injections of 30 ng/kg repeated at 30-m nute

i nterval s gfhen 3ntithes greoprddineptiast witdnytshe THeseaepfhtOchanges Theheal t hy
mce treate L5k Ly ses 3 1 RE for a re
siniIarQ9tog?ﬁ%égsﬁg?g%?éeCﬁﬁj%cgggem?¥ﬂq%58m§gkgcgg% fﬁedg%%téﬁfggﬁcity of
PpEM35 and pENBiteifora sfugtleer 25 maserdy thet ravenapsut Dot e ffkbiscdmst ed i n
Swiss OF1 male__.mce weighing 17-18 g in doses of 200, 300 and 400 ny/ kg.
The peptideEEMéFe solubilised in a 0.9 % NaCl solution; the injected
volume was 150 | ERgchedthd 49s3eCANds @/ kd heot al egalst ahbw¥ai Bhe30 All
m ce showed vasodil atation associated with prostration. The state of heath
of the ni cespmeurhddcaoyWBsOREYE32at41hPCHOBROOL0S2689/ Kar falr 20dByS40

n1nute§u?ft@ﬁei@k%%%b%ﬁtQ%p%Qnyleyﬂgk pEM35 in this Scedosporiosis

model is therefore at least equivalent to that of pEM5I1.

8) Acute toxicity study of pEM35 and pEM51 in mice

Appended figures 11 and 12 show the weight changes
15 1in treated healthy mice in relation to time.

During therapeutic efficacy tests in mice, no acute
toxicity was observed with intravenous administration of
pEM35 and pEM51 dissolved in 0.9% NaCl, in injections of
30 mg/kg repeated at 30-minute intervals given 3 times

20 daily for 3 days.

The weight changes in healthy mice treated with 3
daily doses of 30 mg/kg of pEM51 for 3 days were similar
to those for mice injected with 0.9 % NaCl.

The acute toxicity of pEM35 and pEM51 in a single

25 dose by intravenous route was tested in Swiss OFl male
mice weighing 17-18 g in doses of 200, 300 and 400 mg/kg.
The peptides were solubilised in a 0.9 % NaCl solution;
the injected volume was 150 pl injected in 45 seconds via
the lateral tail vein.

30 All mice showed vasodilatation associated with

prostration. The state of heath of the mice returned to



t he dose. The wei ght change curves over 4 days show slight delayed growth
on the day after the injection, of 5 approximately 1 g for the m ce given
pEM35 at: doses of 200 and 400 ng/ kg or pEMb1l at doses of 200 and 300 ny/kg;
and of approxinmately 2g for the nouse given pEMbl at th? dose_of 400
ng/ kg. The Wei Bﬁfoéggée then returned t¥4 normal for BFF/ERE&/02H5Exanpl e
7: Spectrumof the antifungal activity of Ardl and t he anal ogues pEM1,
pEM35, pEMA6, pEMA8 and pEMb1l. 1) Test to detect activity against
filament ousnotmagi .2015tdhdOamtirfutregal a Atk viiny ewad othet dpeadd ryg augoboawt h
inhibition test in a liquid medium The filanentous fungi (A fum gatus, A
flavus and TS #8Ffeus, donated by Dr. H. Koenig, Hopital Givil
Strasbourg; and fheprildHtCapgaAgd ursRlanbvdenat edaby 2hd¥ ss1dghbki s and
J. Mouton, University hospital, ~Mcrobioolgy Departnent, N jnegen,
Net her | andsjieheryed sesdefihononal £hagadasl aﬁ%tgél osbe( Bibiiectéar)y and
i ncubat 7 he_s e re thep. I 1.t h PG
medi um e"gS %gﬁ%@f‘%ﬁ‘%gg&og%%gg% %g\égndlé% ?%?%5 Eﬁpgg’g\kllgtta %é%%g O¥The
spores were2o0enahdf yugedmgPkai brapEMF0atppstbBeofr esnduadwasocabl/&gt;ed in
YPG (1 g Yeast extract, 1 % Pept one, 3 d ucose per 1 1%. The suspension
was count ed®@ft Rfa 2BRFEFREE 1ANEY FP A di R IEIED DR pBFdel nPt 166 | of
peptide di |l gpkans,« CQ@W%@@E@P“I‘% SPeiyhth QnQRY gnbAl Replidel were
deposited in WO 02/ 06324 4

normal for all mice.

10
Example 7: Spectrum of the antifungal activity of Ardl
and the analogues pEM31, pEM35, pEM46, pEM48 and pEM51.
1) Test to detect activity against filamentous
fungi.
15 The antifungal activity was detected by a growth

inhibition test in a liquid medium.
The filamentous fungi (A. fumigatus, A. flavus and
A. terreus, donated by Dr. H. Koenig, Hépital Civil,
Strasbourg; and S. prolificans and F. solani donated by
20 Drs. J. Meis aﬁd J. Mouton, University hospital,
Microbioolgy Department, Nijmegen, Netherlands) were
seeded on Malt-Agar slant gelose (Biomerieux) and
incubated 7 days at 37°C.
The spores were then collected with 10 ml YPG medium
25 containing 0.05% Tween 20 and filtered through a gauze.
The spores were centrifuged 10 min at 1700 rpm, the
residue was collected in YPG (1 g Yeast extract, 1 g
Peptone, 3 g Glucose per 1 1).
The suspension was counted with a Coverslide and

30 adjusted to 10! spores/ml.
100 pl of peptide dilutions (concentration of 50

with 0.097 pg/ml peptide) were deposited in



PCT/ FRO1/ 02164 mcrotitration plates. 100 | with 109 spores/m of
filamentous fungi, i.e. 1000 spores, were then added. The test plates were
i ncubated 48h at 37C. Determnation of mninmuminhibiting concentrations

5 (MO was_na serving well covej. rate. The M et at
50% wel | cowgréiﬁéBX%??Test to detect an‘{% yeast actw%ﬁ%ﬁhg/@g%gasts (C
al bicans, C. glabrata, C 10 dubliensis, C tropicalis, C kefyr, C
krusei and C. parapsilosis - donated by Dr. H Koenig, Hopital G vil,

Strasbour g)miEkueonazelenr esistast Cioal birans {mn245862spordd3Al nad46335
and n3552, donated by Drs. J.Meis and J. Mouton, University Hospital,
M cr obi ol og§i DeBarERBAt Lungij ]1ﬂ@geﬂaooﬂleﬁﬁé%fﬁénd!i?reaﬁﬁe@r $P€6EcocuUs

neof or mans (donﬁlgdgora JEL]S@%P%QE?EQP%@& MiLy ?%b@sbourg) wer e

seeded on Sabourau Rent co sl ant gel ose i onerieux) and |eft
to incubate for Retbrmind0Con( Cahdmdaimpm) addifigrirk koateBIC€ations

(Cryptoccoc 0 neof or ne _yeast colonies were, placed i
suspensfsgn f('ﬁlcf dii 3 §§g§ur d® %&I LYyn(gBl %ﬁﬂ )" n* 8F§er eo@f[gi n a
final concepthati RAs0EeO. 4tODp8t wEQD BAVvERHKhESPONding to 2.5.106
yeasts/ m . 25 The yeast suspension was adjusted to 5.103 yeast/m in

Sabouraud nedium 100 | of peptide dilutions (concentration of 50 wth
Sosor Oy RSPt 99) vese:ceaoabigdel oy ILGELL 5ok LancpLates, AfLer addng
pl ates were incubahdddda4 lyeatst30C (Candida)candgr st.ow gdhbakatg, or CZ2 h at
3¢ (C?MPtO 92 sis, C. ¢tropicalis, C. kefyr, C. krusei and C.
parapsilosis - donated by Dr. H. Koenig, Hépital Civil,
Strasbourg), fluconazole-resistant C. albicans (n°245962,
n°2332, n°246335 and n°3552, donated by Drs. J.Meis and J.
Mouton, University Hospital, Microbiology Department,
15 Nijmegen, Netherlands), and Cryptoccocus neoformans
(donated by Dr. H. Koenig, Hépital Civil, Strasbourg)
were seeded on Sabouraud-Cloramphenicol Agar slant gelose
(Biomerieux) and left to incubate for 24 h at 30°C
(Candida sp.) and for 72 h at 37°C (Cryptoccocus
20 neoformans).
Some yeast colonies were placed in suspension in
liquid Sabouraud medium (Biomerieux) in order to obtain a
final concentration of 0.1 OD at 600 nm corresponding to
2.5.10° yeasts/ml.
25 The yeast suspension was adjusted to 5.10° yeast/ml

in Sabouraud medium.
100 pl of peptide dilutions (concentration of 50

with 0.097 ng/ml peptide) were deposited in
microtitration plates. After adding 100 ml of yeast

30 suspension with 5.10° yeast/ml i.e. 500 yeasts, the test
plates were incubated 24 h at 30°C (Candida) under slow
shaking or 72 h at 37°C (Cryptoccocus).



WO 02/ 06324 43 PCT/ FRO1/ 02164 Determ nation of mnimal inhibiting
concentrations (M C was nade by neasuring absorbency at 600 nmusing a
spectrophotoneter-mcrotitration plate reader. The MC score was set at a
growm h inhibitio raée of 50 % 5 3) Test to detect activité 7§ainst

phyt opat hog8As%2/Af¢fnari a brassi col a 4nd Neur ospor aPcFAERY1/96bCF of
peptide dilutions (concentration 50 with 0.097 ng/m peptide) were
deposited in mcrotitration 10 plates. After adding 100 | of frozen spores
with 104 sporesbateohiratboassifconanamndl N. irdridsisa igdonahednbyabionsBul | et
| BMC, Straszour?) the test plates were incubated 48 h 30C. 15

Det er mi nati OWT6f HRRi FEAS B BISAHF K ARRIRTYRE 3¢ hﬁ@ WasUrade By
obser vi ng V‘@{JECEQM%ﬁo‘ééﬁ@te}_hﬁiM&W@§at_§6h ab1 020 Weldgooverng. yiabl e 3
bel ow shows the MC scores for Ardl and its ‘anal ogues (g/m ) against
yeasts and #fpagsenadusetuagi @ growThbliebikighdnsraekorfshBw3t he respective
M C scores of the anal ogues pEM35 and pEMbl (g/ nml)agai nst fluconazol e-

resi stant strains of Candida al bicans yeast and against filanmentous fungi.
25 Tabl e 3 Yeast3Ard-T1pEMBiopBdM8cpENGLivpEWIBREMESt Coalvhbpanadgars:3. 125

1.561.56 - 1.56 - 1.56 , ,
Alternaria brassicola and Neurospora crassa.

100 pl of peptide dilutions (concentration 50 with

0.097 mg/ml peptide) were deposited in microtitration

10 plates.

After adding 100 of frozen with 10°

pl
spores/ml of A. brassicola and N.
Bullet, IBMC,
48 h at 30°C.

spores
crassa (donated by Dr.
Strasbourg) the test plates were incubated
15 Determination of minimal

(MIC)

inhibiting concentrations
was made by observing well cover rate. The MIC was
set at 50% well covering.

Table 3 below shows the MIC scores for Ardl and its

analogues (pg/ml) against yeasts and filamentous fungi.
20 Tables 4 and 5 below show the respective MIC scores of
the analogues pEM35 and pEM51 (pg/ml)against fluconazole-
resistant strains of Candida albicans yeast and against
filamentous fungi.
25 Table 3
Yeasts Ard-1 | pEM31 | pEM48 | pEM51 | pEM46 | pEM35
C.albicans 3.125 | 3.125 1.56 {1.56 —-|1.56 —| 1.56
- 6.5 |- 6.25 3.125 | 3.125
C.tropicalis 6.25 —-| 6.25 3.125 | 3.125 | 3.125 1.56
12,5
C. glabrata > 25 > 25 > 25 > 25 > 25 > 25
C.parapsilosis| 3.125 1.56 0.78 (0.78 —-]0.78 —|0.78 -




- 6.5- 6.253.1253.125 C. tropicalis6.25 -
gl abrata> 25> 25> 25> 25> 25> 25 C. parapsilosis3.1251. 560. 780. 78 -10. 78
6. 251. 561. 561. 56 C.
3.1253.12

-0.48 -

neof or mans12. 5 -
fum gatus12. 56. 25 -
6]

256. 25 -

PCT/ FRO1/ 02164
dubl i ensisl, 56 -
kef yr> 25> ¥8282/9832%55 25 . krusei 3.4253. 1251. 561. 561
12.53.125 1.566.256.25 25- 6.25 Filam fungi A

6.251.56 - 1.56

WO 02/ 06324 44 -

6. 253. 1253. 1253. 1251. 56 12.5 C.

- 3.1250.78 -

5yt

6.25 - 6.25 - 3.1256.25 12.512.512.5 A flavus6.25 -
2512.5 - 3.125|124532.525 1.56 1.56 1.56
C. dubliensis |[1.56 -| 6.25 |1.56 —|1.56 -] 3.125 [0.78 -
3.125 3.125 | 3.125 1.56
C. kefyr > 25 > 25 25 > 25 > 25 > 25
C. krusei 3.125 | 3.125 1.56 1.56 1.56 1.56
C. neoformans |[12.5 —-| 12.5 3.125 1.56 6.25 6.25
25 - 6.25
Filam. fungi '
A. fumigatus 12.5 6.25 —-|6.25 -16.25 —[3.125 16.25
12.5 12.5 12.5
A. flavus 6.25 -| > 25 [6.25 —-| 6.25 |12.5 -| 3.125
12.5 12.5 25
A. terreus 1.56 —-| 3.125 | 3.125 | 3.125 6.25 6.25
3.125 |- 6.25|~ 6.25
A. brassicola > 25 > 25 12.5 > 25 25 > 25
N. crassa 0.097 < 0.39 | 0.195 | 0.195 <
0.048 0.048
Table 4
C.albicans |pEM51 [pEM35 |ampho fluconazole|itraconazole
B
n® 245962 0.78-[3.125-{ 0.125 > at 64 1 - 0.5
0.39 1.56
n° 2332 1.56 | 1.56- 0.25 > at 64 0.5 - 0.25
0.79
n°® 246335 1.56-3.125-| 0.0625 at 64 0.5 - 0.25
0.78 1.56
n°3552 1.56- 3.125— 0.125- at 64 1 -0.5
0.78 1.56 | 0.0625
Table 5
Filament. fungi Peptide MIC (mg/ml)
FASFEF 5161 pEM35 6.25 - 3.125
A. fumigatus pEM51 3.125 - 1.56
ampho B 0.5

>



A. terreusl.56.-

C. al.bi cans
2459620. 78-3

20020 T a 162186300 S0t 0 e dh sao B 2332002R)ERE1 da2784 % 0400

pENBl pEM35anphof | uconazol ei traconazole B n

n35521. 56- 3. 125-0. 125-> at 641 - 0.5 0.781.560. 0625 Table 5 Filanment.

fungi PeptideM C (ng/ m ) FASF 5161pEM356.25 - 3.125 A

- 1.56 anmpho BGrps M@ R2[P6324 |45 PCTGEEQ§§0216 FASF 1M02- 31pEMB512. §
6.25 A fuli gatespEMb1 12.5 - |6. 25 anpho Bl - FSSP 7902pEN850 39
S. prolifi¢anspeEVE¥m@gagus 0. (9 anphoPBY¥°i6
ampho B 1 - 0.5
FSSP 7902 pEM35 0.39 - 0.19
S. prolificans pEM51 0.19 - 0.09
ampho B > 16
FSSP 7908 pEM35 0.19 - 0.09
S. prolificans pEM51 _ 0.09 - 0.048
ampho B > 16
FFUS 8591 pEM35 3.125 - 1.56
F. solani pEM51 0.78 — 0.39
ampho B > 16
Example 8: Fungicidal kinetics of the peptides pEM35

10

15

20

and pEM51 against Candida albicans IHEM 8060.

Appended figure 13 shows the fungicidal kinetics of
the pEM35 and pEM51 peptides against Candida albicans
THEM 8060.

The test was conducted 1in accordance with the
protocol descried by Klepser et al. (Antimicrob Agents
Chemother, 1998 May, 42(5):1207-12 ™“Influence of test
conditions on antifungal time-kill <curve results:
proposal for standardized methods”). The strains of
Candida albicans yeasts used were identical to those
previously wused for the test to detect anti-yeast
activity (yeasts donated by Dr. Koenig, H6pital Civil,
Strasbourqg) .

The yeast strains were seeded on Sabouraud-
Chloramphenicol gelose and left to incubate for 24 h to
48 h at 30°C. Some vyeast colonies were placed in
suspension in 4 ml of liquid Sabouraud medium (Biomerieux)

and then incubated under overnight stirring at 30°C.

3.125 3.125 3.1256.256.25 3.125- 6.25- 6.25 A brassicol a>
25> 2512.5> 2525> 25 N. crassa0. 097< 0. 390. 1950. 195< 0.0480.048 Table 4

f um gat uspEMB1 3. 125



FSSP 7908pEMB50.19 - 0.09 S. prolificanspEMbl 0.09 - 0.048 anpho B> 16 FFUS
8591pEMB53. 125 - 1.56 F. solani pEMbl 0.78 - 0.39 anpho B> 16 Exanple 8:
Fungi ci dal kinetics of the peptides pEMB5 and pEMbl agai nst Candi da

al bi cans | HEM , pended figure 13 shows the fungicidal Ki ics of 5
t he pEM35 afid %22%@3% pti des agai nst c4f¥di da aIbicansPCTzﬁﬁPééggiG he test
was conducted in accordance with the protocol descried by Kl epser et al.

(Antimcrob Agents Chenother, 1998 May, 42(5):1207-12 "Influence of test
10 conditions onThatifemygal susperddildn cwewe rdsubtsd poopbshl®5orL0°

t andar di zed hods"). T ' f i da ., al bi, t d
Tdont | cal -t STRBSEN pHd i GGSRY WSEROTER The & e0% 16 A0 &2 - anc yEASL ¢
activity (ygaspsrdanaieddaynldy .1 keenb g, thepilalstCatddpenstimrSteaspomng) . The

yeast strains were seeded on Sabouraud- Chl oranphenicol gelose and left to
i ncubat e fopf24bapqurauGhlaragpherdsind yéBsemesliehres G igligedorn

suspension jn. 4 f._l.iqui ahounau k (B Il d_.t.hen
incubatéﬁ u%ggrcgbg%ﬁpé g s@?iilngjatnggg&6§?0§P%g§f§§z§%%d%%éﬁg1?%2164
The yeast spEpBbhSigEptad: .adffhst eged ot 1. cbogehti@f iopeashs/tie | hinfieeah

Sabouraud. A dilution of 1:10_was _prepared py adding.1 m of the yeast
suspensi on t8°g4iH™ BPSSE%SE?SBB?c%riga%%ﬁﬁ%i§8PS%§/ ri eux) containing or

5 not contai ni ngrgeontr@ss aaklef igmbnuddf REVRBS @ested on a

concentration range extending from 1 pg/ml to 64 pg/ml.
10 Each of the solutions was incubated at 35°C. At preset
times (0, 1, 2, 3, 4, 6, 8, 10 and 24 h), a sample of 100
pl of each of the solutions was taken and diluted in

series 10 times in sterile water. An aliquot of 30 pl was
then spread on Sabouraud gelose dishes (Biomerieux) in
15 order to count the colonies. When the number of colonies,

as estimated, was less than 1000 yeasts/ml, a sample of

30 pl was taken directly from the test solution and
spread on Sabouraud gelose dishes (Biomerieux) with no
prior dilution. The dishes were incubated for 24 to 48
20 hours at 35°C. |
An Amphotericin B control test (concentration
corresponding to 1 time and 16 times MIC) was made in
parallel following the protocol described by Klepser et
al. (Antimicrob Agents Chemother 1997 June, 41(6):1392-
25 1395, ™“Antiiifungal pharmacodynamic characteristics of
fluconazole and Amphotericin B tested against Candida
albicans”).
The minimum detection threshold of the number of
yeasts/ml was determined by preparing a suspension of
30 Candida albicans yeast in sterile water with the pEM35 or
PEM51 peptide then adjustment to 0.5 Mc Farland turbidity

standard (concentration 1.10°-5.10° yeasts/ml). Dilutions



pEMb1 peptide. The yeast concentration in the initial inoculum was
therefore 1.105-5.105 yeasts/m. The pEMB5 and pEMb1l peptides were tested
on a cohcentration range extending from1 g/m to 64 gg/m. 10 Each of

t he sol utions ma incubated at 35C. At preset tinmes (0 % 2, 3,.4, 6, 8,

10 and 24 h¥O & Z%ﬁ%?é of 100 pl of edth of the sol uFFBAERAALOLAREN and
diluted in series 10 tines in sterile water. An aliquot of 30 gl was then
spread on Sabouraud gel ose dishes (Bionerieux) in 15 order to count the

col oni es. Whenstheihanbetenf wenbomads, toasbéauhnﬁtedspaa31basshahang1000

easts/m, a sa was taken di rect he te sol ution and
orend on' SABSATEhIYEePOaEehF EREotE: Ot PRaxsSurt BB YBRERF Atk utPon. - The
di shes were, | ncub 0 i

control tes%i(ggngéﬁgratl %%Sg%rrggﬁ%% ﬁgﬁfo d ?é% andéqgggﬁﬁgggkpcy was
made in pagalbet fdhbbmsng(Bhemprméoxml fdescr cbédnby Kbeps&hget Tak.

(Antim crob Agents Chenpt her Jun 1(2% é392 25 1% “Antiiifungal
pharnacéhynﬁhgheﬁhﬁ?éﬁtéPFE??E% ForfgﬂcBﬂa YR8 AhpHStericin B tested
against _Candi da rakbiveansd . chigeabini nugydet gedion/aty eshald ghcbbeanunber

of yeasts/m was deternmined by preparing a suspension of 30 Candida
al bi cans yeastoi nast preteetat eimei t Rcehe pENBS ercpEMBE pépei déeshed

R o L i ety
made to obtain 3 suspensions having respective concentrations of 100, 50

and 30 yeasts/m . 30 gl of each suspension were taken and spread on
Sabour aud



gel ose di shes (Bionerieux) for colony counting. The 5 dishes were

i ncubated for 24 to 48 hours at 35C. The val ues counted (|l o0gl0 yeasts/nl)
were entered into a pre-set tinme scale for each of the tested
concentratiQns 8 t he pEMB5 and pEMb1 p@tl des. WD 02/ 06?24 4§

PCT/ FRO / 024840 /@:Eﬁ\?ﬂls 1. Pepti de deri4®ed from hel i oRfyE7 BRBY/8ab&Ei t uting

one or nore am no acids, characterized in that said 5 peptides neet
formula (1): X1 X2 X3 X4 X5 X6 C7 X8 X9 X10 X11 X12 X13 X14 X15 X16 X17 C18
X19 X20 X21 C22 X23 X24 X25 X26 X27 KAZEML9 X30 X31 C32 X33 X34 X35 X36
X37 X38 X39 (40 X41 C42 X43 X44 (1) in which: 10 - X1, X17, X21, X42, are
acidic amno acids, X16, X44 are small polar amno acids, X19 is a |large

pol ar amino acidj, XB6ptsda w&lilveer §E@rﬁcﬁ|e)lllam€}"t@ﬁh%{s}'Cs@ﬂ‘s'ﬁ@t@%hﬁl X38
is a scarcely hydrophobic or small amino acid, ~15 said substitutions being

such that: ongat ¢eastokshe aBRnR], axids, xogharaater zed bal ¢ that p6Rad,
advant a$0u§éét§dggrg onggmugg g? acid and/or - at |east one of the am no

aci ds asi ¢ am no d or a large polar am no acid, and/or
20 - X19 is & baske anknoeach dxs amdxlorx-l atz k@as{tu one Xaf xlheclanrxlrgoxgci ds

X36, X38|sa ongly ch,t he other
am no aci ds ?(1 Zzhg%fegf"he '%lg{ ﬁ%aﬁi’ ndé 32§g3q5€igx3\9%’7 *%3 38r£éﬁ‘r esent

| ar ge pol ar CanknoCacKds¥s I X5 X15 X34, represent snall poI ar am no
acids, - X2, $BBenX24, X25, X28, X31, represent basi ¢ am no

10 - X1, Xi7, X1, ¥X42, are acidic amino acids,
- Xig, X44 are small polar amino acids,
- Xi9 1s a large polar amino acid,
- X365 1s a small or scarcely hydrophobic amino acid,
- X3g 1s a scarcely hydrophobic or small amino acid,
15 said substitutions being such that:
- at least one of X;, Xi7, X21, X43, 1is a basic or
polar, advantageously a large polar, amino acid and/or
- at least one of the amino acids Xis, X44 1is a
basic amino acid or a large polar amino acid, and/or
20 - Xi19 1s a basic amino acid, and/or
- at 1least one of the amino acids X3, X3 1s a
strongly hydrophobic amino acid,
and in which the other amino acids (X) have the following
meanings:
25 - Xi3, X37, X339 represent large polar amino acids,
- Xs, Xis, X34, represent small polar amino acids,
- Xz, X23, X4, X25, X8, X31, represent basic amino
acids,
- X3, X4, Xg, Xi12, represent hydrophobic amino acids,
30 - Xo, Xig, X257, X35, X41, represent aromatic

hydrophobic amino acids,



acids, - X3, X4, X8, X12, represent hydrophobic am no acids, 30 - X9, X16,
X27, X35, X41, represent aromatic hydrophobic am no acids, WO 02/06324 49
PCT/FRO1/ 02164 - X5, X10, X11, X20, X26, X29, X30, X33, represent smal |

am no acids, C7, Cl18, C22, C32, C40, C42 represent cyst nﬁ)@ 2. Peptide
accordi ng tBOcPA7RP324characterized in4%hat at |east Sr'ﬁ 21847, " xa3,
is a basic or polar, advantageously a large polar, amno acid and X21 IS
an acidic amno acid. 10 3. Peptide according to claim1l, characterized in
that at | east one ofs, X&6y,aml; X3824d,S X3¢ N0Xzar EAGL X33, Skepngbgnhydmaphobi c
am no acid. 4. Peptide acco;@gang to claim1, characterized in 15 that X17
i s asparagine or argtiihé is glutamc aicd and in which: - X36 is

| euci ne or isol eucu;ge C?J‘d/d}F C32X1& (LS AL gi ﬁéﬁees@ﬂgl/@#teﬁési S argini ne.

20 5. Peptide according to clai m 1 aracterized in at X17 is aspartic
acid, X43 is glutamc acid and in " whi ch: - X36 is leucine or isoleucine,
and/or 5 - X19 i's Lne X16 rgini ne o] e.

accordi n% to cl a| m E%gfl%gr act et zeg{q nto C lrﬁa ?{43 (f}lsalb b é;]?n%ztnéeéj 3(?7 is

aspar agi ne ghRdti mtwhiedst 36ne %36 XS I)ﬂ_upl o(e3,orls sal em:cm;e,oﬁnflbmar,
advantageously a large polar, amino acid and Xz 1is an

acidic amino acid.

10 3. Peptide according to claim 1, characterized in
that at least one of X33 and X3s 1s a non-aromatic

strongly hydrophobic amino acid.

4. Peptide according to claim 1, characterized 1in
15 that X;7 is asparagine or arginine, X33 is glutamic aicd
and in which:
- X35 1s - leucine or isoleucine, and/or
- Xj9 is arginine, and/or

- Xi6 1s arginine.

20
5. Peptide according to claim 1, characterized in
that Xj;7 is aspartic acid, Xy3 is glutamic acid and in
which:
- X3¢ is leucine or isoleucine, and/or
25 - X9 is arginine, and/or
- X6 1s argihine.
6. Peptide according to claim 1, characterized in
that is ¥X43 is glutamine, Xi;7 is asparagine and in which:
30 - X35 1s leucine or isoleucine, and/or

- Xi9 1s arginine.



- X19 is arginine. WD 02/06324 50 PCT/ FRO1/ 02164 7. Peptide according to
claim1, characterized in that X43 is glutam ne and X17 is aspartic acid.
8. Peptide according to claiml, characterized in 5 that X43 is gl utam ne,
X17 is asparti i nd in which: - X1 is asparagine,_ _and/or - _X36 is

| euci ne or WQO§%2§pg%2 9. Peptide accord ng to any of P?EZFBBM%F%% cl ai s,
10 characterized in that the basic am no acids are chosen from anong:
arginine, lysine or histidine. 10. Peptide according to any of the

precedi ng clai ns7. Bhptadeerazexrdimdg hat tdleiwdipphdiEamammioati ds are:

15 - non-aro ig, i.n ich case chosen from anong: nethionine, valine,
| euci ne, i SBF%EC%WG l(?nvglEl anﬁﬁlﬁeraé’tda%? ng® tarlsé?aqtejt&i?%l‘%nd i sol euci ne are
strongly hydrophobic am no acids and that nethionine and valine are

scarcely hydrophobic am no acids, or 20 - aromatic in which case chosen
from among: phen§ - Paphaffe, aqgamwssinge 6f tGhpiophan ciirarta®elzad oagl y

hydr ophabi c L.ng acid .Pept iide C ing to t ecedi ng
cl ai s, %bZStQng att grsl ?eléljcljaﬁnltn%gt Xghefgacfgﬁzp%n% n%c’a{;%li « a{r}g @%lo%g'n from
anong aspartic aei &,0dsghspamragiaei,dandiZorPepti de according to any of the
preceding clains, characterized in thail the | arge polar am no acids are
30 chosen from aifongegh it afrRE or Casparagrnt?ewWo 02/ 06324 51 PCT/ FRO1/ 02164
13. Peptide according to any of the preceding clains, characterized in
that the small polar am no acids are

9. Peptide according to any of the preceding claims,

10 characterized in that the basic amino acids are chosen

from among: arginine, lysine or histidine.

10. Peptide according to any of the preceding claims,
characterized in that the hydrophobic amino acids are:

15 - non-aromatic, in which case chosen from among:
methionine, valine, leucine, isoleucine on the
understanding that leucine and isoleucine are strongly
hydrophobic amino acids and that methionine and wvaline
are scarcely hydrophobic amino acids, or

20 - aromatic in which case chosen from among: phenyl-
alanine, tyrosine or tryptophan which are strongly

hydrophobic amino acids.

11. Peptide according to any of the preceding claims,
25 characterized in that the acidic amino acids are chosen

from among aspartic acid or glutamic acid.

12. Peptide according to any of the preceding claims,
characterized in that the large polar amino acids are

30 chosen from among glutamine or asparagine.



chosen from anong serine or threonine. 5 14. Peptide according to any of
the preceding clainms, characterized in that the snmall acids are chosen
form anong glycine or alanine. 15. Peptide according to any of the

precedi ng cl ai ns, nmeeting one of the follow ng sequences; Lio
| 7KLI QSW@%%WRRGYK%CGSFAWNC\ACET Ardl BURDERS1 /bETLS
DKLI GSCVW\GAVNYTSNCNAECKRRGYKCGHCGSFAALVNChi 1CET  pEMB7 X SG'' Sr WC3AV' NY'

' SPCI  GECKRRGYKGGHCGSFANVNCWCET  pEM3 8 DRUGTCCVWC} AVNYTSDCNC
EL' | MRG YKGGHCGEEANRBIOWOEE acp&hMBndr bl ESCVIGAVIY TP DENEECKR, RGa Yins GGXCC

DKL GSONGATRRTSPEEECTRIEA G BGSPARERERT P ieNpzarro  scide are?
DRLI GSCW\GAVYE SPCNEE & . BEEHESEE NVNEYEE T ne . PEM23
DKLI GSCW\C3AVNYTSDCNGECXRRQYP GHCGSFAN | NOWCET ~ pEMRS

DKLI GSCV' WGAVNYTSDGNGECKRR( ; YKGGHCGSF?~. N VNCWCET  pEMR4

DKLI GS VNYT GEC. ! L p , .

DKL| GSOMGAVNYTSEONCERRERG % CLr S L EPRRVE OF oY 10 ERT. CoERLPg, claims,

t ) M GSCVWGAYhXT SECAEECKRRQYY CEBRICGS HANYNEWCg Bcidd MB8e chosen form

NKLI GSCW\GA' VNYTSDCNGECKRRGYKGQHCGS ' ANMCWCgT — pEMB1

NKL| CaSC w@%&é&ﬂé&%@ﬁ@%@@&ﬂwmr?oq 1' pEMB2 :

NKLI GSCVWGAVNYTSDCNC3ECKRRGYKGGNCGSFI NVNCWCgT — 16. Pepti de according to any

of claims 1 to 14, neeting one of the follow ng sequences: krill
DKLI QSCVWGAVNY T SRCNREPKRRSYXPECESEABIVRCWEEY ofpEMBOpreceding claims,

bCT/ POt 02184 BENEE. - CBXE T ESE NN FOBNAELS S 3GHOCSEANNGICE | C P
s156 ; DKLI OSCVW._A$N¥ ¥ SNORREF R WOARIYREEGER HEGSEINVNCWCET
DKL GSCVWEAVNY T SR a CRRRG K3 ey e ik crRRRGYRGGHC GSFANVNEWCET

PENM37 : NELIGSCVWGAVNYTSDCNGECKRRGEYKGGHCGSFANVNCWCET
PEM38 : DRLIGTCVWGAVNYTSDCNGECKRRGYRGGHCGSFANVNCWCET
PEM43 : DRKLIGSCVWGAVNYTIDCNGECKRRGYRGGHCGSFANVNCWCET
PEM42 : DRLIGECVWGAVNYTRDCNGECKRRGYRGGHCGSFANVNCWCET
PEMAd : DELIGSCVWEAVNYTSDCRCECKRRGYRGGHCGSFANVNCWCET
PEM22 : DRLIGSCVWGAVNYTSDCNGECKRRGYRGGHCGSFINVNCWCET

PEM23 : DRLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGIFANINCWCET
PEM25 : DRLIGSCVWGAVNYTSDONGECKRRGYKGGHCGSFLNVNCUWCET
pEM24 : DRLIGSCVWGAVNYTSDCNGECKRRGYRGGHCGSFLNINCWCET
PEM7 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFANVNCWCER
PEM21 : DKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSEFANVNCWCQT
PEM3S : NRLIGSCVWGAVNYTSDCNGECKRRGYRGGHCGSFANVNCWCQT
DEM61 : NRLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFLNVNCWRQT
PEM62 : NXKLIGSCVWGAVNYTSDCNGECKRRGYKGGHCGSFINVNCWCQT

16. Peptide according to any of claims 1 to 14,
meeting one of the following sequences:
ardl : DELIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCET
PEM40 : NRLIGSCVWGAVNYTSNCNABCKRRGYKQAGHCGSFANVNCWCET
15 |



PEMBL : DKLI GSCVWGAVNYTSNC AECKRRGMGGXCGSFAI | TVNCWCET — pEMB2
DKLI GSCW\GAVNYTSNCNASCY aGYKGC i CGSFZPTVNCOWCET — pE433
DXLI. GSCVWEAVNYTSNCNAECKRRGYKGEHCGSPANZNCWCF, T pEMB4 DRLI GSCVTi
GAVNYTSNCNAECKRR i ' YKGGXCGSFLNI NOWCET ~ pEMB5
DKLI GSCVWGARIYE: EEK RRGYKGGI—lCGSFLNVI\%V\CVT pMK31 DP€L/FR01/02164
z GSCVN TGAVNYTSNCNAECKRRGYRGGFI CGSFANVNC WOQT — pEnas30
DXLI GSCVWGAVNY" ' St +TCA73- , BOKRRGYKGGHCGSFANVNOWCER  pE M46
DKL GSCVMGAVNYTSNCNAECKRRGYKGG3I BCGSFLN\/NCN\CQT pE 2i 47

(S

DKG GSCVWGAY, .
DXL GoOGARARE &S ‘ m%ﬁﬁ%’gﬁ“’mc’“

DKLI G5 & %@@EE@ME&W@E@GH&EWMMWCET
pKLI 4SCVWWLAVNY' 1" 'SNCN, A, T, ,'CKRROYKGGHCGSFI I\/[,\/\CET PEK57 : D

y PHEGSTANVNCWCET
DKLI GSCVi nTL, ANDY" x' SNCNACKRXt GYKGGHCE7! fungal and/or
antlbacter|B@Y5&Nﬁﬂ9§QNQ§¢VWG5VHKE§¥E§Q§QK§B§Y%H EFﬁéV§S@$%% i ngredient it
contains at gff-;@?gs » RVRE S Sl ML VRGP eerriRedcaP 16,

advant ageou crated in sald conposition wth an acceptabl e vehicle.

10 18. Conpggirt3 ON rMACQSHNGAVEYTERCNA BOKNREY RECHOGSPANINOWNCEN| nmal . 19.
Conposition according to claim 17 for use in | ant s
PEM3I4 : DRLIGSCVWGAVNYTSNCNAECKRRGYK HCGSFQN;NCWCET

PEM35 : DKLIGSCVWGAVNYTSNCNAECRRRGYRGGHCGSFLNVNCWCRT

pEM31 : DKLIGSCVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCQT
PEN3O : DRKLIGECVWGAVNYTSNCNAECKRRGYKGGHCGSFANVNCWCER
PEM46 : DRLIGSCVWGAVNYTSNCNAECKRRGYRGGHCGSFLNVNCWCQT
DEM47 : DELIGSCVWGAVNYTSNCNARCKRRGYRGGHCGSFINVNCWCQT
DEM4S : DKLIGSCVWGAVNYTSNCNAECKRRGYRGGHCGSFLNVNCWCER
PEM49 : DELIGSCVWGAVNYTSNCNAECKRRGYRGEHCGSFINVNCWCER
pPEMS4 ; DKLIGSCVWLAVNYTSNCNABCKRRGYKGGECGSFLNVNCWCET
pPEMS7 : DELIGSCYWLAVNYTSNCNAECKRRGYKGGECGSFANVNCWCQT
DEMES : DKLIGSCVWLAVNYTSNCNAECKRRGYKGGHCGSELNVNCWCQT

17. Antifungal and/or antibacterial composition,

5 characterized in that as active ingredient it contains at
least one peptide according to any of claims 1 to 16,
advantageously associated in said composition with an

acceptable vehicle,

10 18. Composition according to claim 17 for use in man

or animal.

19. Composition according to claim 17 for use in

plants.



